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Meeting the Scientific

Needs of Ecological

RISK Assessmentina
Regulatory Context

Three strategies
could move
both science
and regulation

forward.

uring the past decade, the

field of ecological risk as-

sessment has progressed con-

siderably. Advances have come

from such international bodies as
the Organisation for Economic Co-operation and
Development (OECD), the Waorld Health Organdsarion
(WHO), the European and Mediterranean Flant
Protection Organisation (EPPO), and the European
Centre for Ecotoxdeology and Toxicology of Chemicals
(ECETOC) (1-4). Risk assessments have played a crit-
ical role in the development of various regulations
within the European Commission (EC] as well as in
other parts of the world, including the United States,
Canada, and Japan (9-17). But sclentists and regula-
wors are faced with three significant challenges:
streamlining the risk-assessment process, quantify-
ing risks in a spatially explicit manner, and acquiring
the comect kind of environmental data to enahle reg-
ulatory programs to effectively focus on future envi-
ranmental protection activities.
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Increasing efficiency, cost-
effectiveness, and focus

Risk assessment is a tiered process
distinguished by levels of increasing
complexity. beginning with the preliminary
categorization step, followed by a refined or screen-
img assessment, and progressing to the full, compre-
hensive risk assessment (4, I8 9. For each tier, a
minimurm level of information is required. For exam-
ple. OECD has estahlished an imtemational program—
called the Screening Information Data Sets (SIDS)]—
for surveying high-production-volume chemicals
(HPV} for potential effects. S1DS include the basic in-
formation needed to perform a preliminary assess-
ment of a chemical’s potential risk (20).

Applying the current risk-assessment paradigm
and meeting the associated data-generation require-
ments, combined with the increased need to evalu-
ate the potential effects posed by thousands of x
industrial chemicals, are big challenges for the chem- &
ical industry, national and international regulatory 3
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Traditional testing with defined batteries of in
Vivo tests

Percent of Chemicals with Toxicity Test

* Too many chemicals
* Too costly
* Too much time to generate and interpret
* Too many animals
* Inefficient
e Typically only a subset of the data are
used for the assessments

Bradbury SP, Feijtel TC, Van Leeuwen CJ. Meeting the scientific needs of ecological risk
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ssment in a regulatory context. Environ Sci Technol. 2004 Dec 1;38(23):463A-470A.
10.1021/es040675s.
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https://www.epa.gov/system/files/documents/2023-
06/ETAP%20Sci%20Support%20Doc_BOSC%20Report_Draft%20Final_5_31_23_508%20tagged.pdf



Meeting the Scientific
Needs of Ecological
RISK Assessmentina
Regulatory Context

* If one assumes all chemicals on “a list” do not need
to be tested, and for those that do, not all can be

Three strategies
could move
both science
and regulation

forward.

uring the past decade, the
field of ecological risk as-
sessment has progressed con-
siderabily. Advances have come
from such international bodies as
the Organisation for Economic Co-operation and
Development (OECD), the Werld Health Organisati

STEVEN P. BRADBURY
U.5. EPA

TOM C. ]. FEIJTEL
PROCTE GAMBLE
SERVICES COMPANY NV/SA
(BELGIUM)

CORNELIS J. VAN LEEUWEN
EUROPEAN COMMISSION

Risk assessment is a tiered process
distinguished by levels of increasing
complexity, beginning with the preliminary
categorization step, followed by a refined or screen-
ing and progressing to the full, compre-

(WHO), the European and Mediterranean Plant
Protection Organisation (EPPO), and the European
Centre for Ecotaxicology and Toxicalogy of Chemicals
(ECETOC) (1-#). Risk assessments have played a crit-
ical role in the development of various regulations
within the European Commission (EC) as well as in
other parts of the world, including the United States,
Canada, and Japan (9-17). But scientists and regula-
tors are faced with three significant challenges:
streamlining the risk-gssessment process, quantify-
ing risks in a spatially explicit manner, and acquiring
the comrect kind of environmental data to enable reg-
ulatory programs to effectively focus on future envi-
ronmental protection activities.
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hensive risk assessment (4, 18, 19). For each tier, a
minimum level of information is required. For exam-
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called the Sereening Information Data Sets [SIDS}—
for surveying high-production-volume chemicals
(HPV) for potential effects. SIDS include the basic in-
formation needed to perform a preliminary assess-
ment of a chemical’s potential risk (20).
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industrial chemicals, are big challenges for the chem- &
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tested for all possible endpoints at once, then the
following questions must be addressed:

Which chemicals should be tested [in vivo]?
And of these, which should be tested first?
For what endpoints [in vivo]?

Based on what rationale?

Bradbury SP, Feijtel TC, Van Leeuwen CJ. Meeting the scientific needs of ecological risk
assessment in a regulatory context. Environ Sci Technol. 2004 Dec 1;38(23):463A-470A.
doi: 10.1021/es040675s.
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Efficient risk assessment
Combining use and exposure information and effects information
obtained from quantitative structure-activity relationships (QSARs),

read-across methods, thresholds of toxicological concern (TTCs), and
in vitro tests prior to in vivo testing is a more rapid, efficient, and cost-
effective way to perform risk assessment of chemicals.

Existing
data
Read-
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Chemical

i
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Prioritization for
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Risk management

Exposure

+—— * EXposure categories

« lModels
# Mleasurements

NAMSs
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Linking toxicological responses across levels of biological organization
would help priomtize risk-based assessment gquestions and associated
data and information needs.

Cell Organ Individual  Population

Cell structure Respiration Maorbidity Populatian

cmﬁ-.al‘:arlltann function Osmaoregulation Growth structure
metabolites | **  Liver function  ** Development ** Population
Induction  Gonad development | Reproduction  productivity

Optimizing resources, costs, and time in generating and evaluating information
Understanding
Relevance

Bradbury SP, Feijtel TC, Van Leeuwen CJ. Meeting the scientific needs of ecological risk assessment in a regulatory context. Environ Sci Technol. 2004 Dec
1;38(23):463A-470A. doi: 10.1021/es040675s.




New approach methodologies

* NAMs: any technology, methodology, approach, that can provide
information on chemical hazard and risk assessment without the use
of intact [protected life stages of vertebrate] animals, including in
silico, in chemico, in vitro, and ex vivo approaches (ECHA, 2016b; EPA,

2018d).

 ECHA (2016b). New approach methodologies in regulatory science. Proceedings of a scientific workshop.
Helsinki: European Chemicals Agency. doi:10.2823/543644.

* EPA (2018d). Strategic plan to promote the development and implementation of alternative test methods within
the TSCA program. U.S. Environmental protection agency. EPA-740-R1-8004. Available
at: https://www.epa.gov/sites/default/files/2018-06/documents/epa _alt strat plan 6-20-18 clean final.pdf.



https://www.frontiersin.org/articles/10.3389/ftox.2022.964553/full#B24
https://www.frontiersin.org/articles/10.3389/ftox.2022.964553/full#B54
https://www.frontiersin.org/articles/10.3389/ftox.2022.964553/full#B54
https://www.epa.gov/sites/default/files/2018-06/documents/epa_alt_strat_plan_6-20-18_clean_final.pdf

Ecological Hazard Assessment Embraced QSARs long ago

Quantitative structure-activity relationships (QSARs) have been

used by the U.S. Environmental Protection Agency since 1981 — - I —— e ————
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pharmaceuticals, next generation pesticides, etc.

ECOSAR

(https://www.epa.gov/tsca-screening-tools/ecological-structure-activity-
relationships-ecosar-predictive-model)

Operation Manual for the ECOlogical Structure-activity Relationship Model (ECOSAR) Class
Program v. 2.2 (Feb. 2022). https://www.epa.gov/system/files/documents/2022-03/operation-
manual-v.2.2_1.pdf



A NRC TT21C - 2007

“Transform toxicity testing from a system based on whole-
TOXICITY TESTING IN THE 215T CENTURY animal testing to one founded primarily on in vitro
A VISHIN AND A STRATEEY methods that evaluate changes in biologic processes using

cells, cell lines, or cellular components, preferably of
human origin”

“The vision emphasizes the development of suites of
predictive, high-throughput assays .....”

i

“The mix of tests in the vision include tests that assess
critical mechanistic endpoints involved in the
induction of overt toxic effects rather than the
effects themselves.”

“Key Research Questions in Developing Knowledge to
Support Pathway Testing”

«  “Toxicity pathway identification — what are the key
pathways whose perturbation results in toxicity?”

«  “Adversity — what adverse effects are linked to
specific pathway perturbations...”


http://search.barnesandnoble.com/booksearch/imageviewer.asp?ean=9780309109925&z=y
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Linking toxicological responses across levels of biological organization
would help priontize risk-based assessment guestions and associated
data and information needs.
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Dptimizing resournces, costs, and time in generating and evaluating information
Understanding
Relevance

An Adverse Outcome Pathway (AOP) is a conceptual framework that portrays existing knowledge concerning the

linkage between a direct molecular initiating event and an adverse outcome, at a level of biological organization
relevant to risk assessment.

(Ankley et al. 2010, Environ. Toxicol. Chem., 29(3): 730-741.)




2010-2014 — Formalization of AOP Framework
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¥ Testing of chemicals

» Assessment of chemicals

» Risk management of chemicals

» Chemical accident prevention,
preparedness and response

> Pollutant release and transfer
register

» Safety of manufactured
nanomaterials

» Agricultural pesticides and
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> Biosafety - BioTrack

Adverse Outcome Pathways, Molecular Screening and
Toxicogenomics

'WHAT 1S AN ADVERSE QUTCOME PATHWAY?

The QECD launched a new pregramme on the development of Adverse Qutcome Pathways (AOP) in 2012. An AOP is an analytical construct that describes a
sequential chain of causally linked events at different levels of biological erganisation that lead to an adverse health or ecotoxicological effect (see figure below). AOPs
are the central element of a toxicological knowledge framework being built to support chemical risk assessment based on mechanistic reasoning
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* Organize and assemble the specialized scientific knowledge required
to interpret results from new approach methodologies (NAMs).

Present it in a simple to follow graphical and narrative format

» Supported by scientific literature and evidence

* Searchable, globally accessible, and transparent

* Aopwiki.org

Welcome to the Collaborative Adverse Outcome Pathway Wiki (AOP-Wiki)
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“Throughout the development and execution of ToxCast and
Tox21, key limitations of the current suite of HTS assays have
been identified (Tice, et al., 2013). The limitations include
inadequate coverage of biological targets and pathways”

Thomas et al. 2019 — The Next Generation Blueprint of Computational Toxicology at the U.S. Environmental
Protection Agency. Toxicol. Sci. Toxicol. Sci. 169: 317-332.

Biological Coverage (Gene
Basis)

B ToxCast

Not in
ToxCast
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Toxicology at US EPA
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Broad screening in simplified
biological systems, QSARs,
read-across

Greater pathway specificity

Greater biological
complexity/realism as needed



Applying NAMs and AOPs for
Chemical Prioritization and
Endpoint Selection




Per- and polyfluoroalkyl substances (PFAS)

* Broad chemical group of concern due to
environmental persistence, exposure and
accumulation in humans and wildlife, and potential
toxicity (thousands of structures)

* Feb 7, 2023 the European Chemicals Agency (ECHA)
posted proposal to restrict around 10,000 PFAS
(https://echa.europa.eu/-/echa-publishes-pfas-restriction-proposal)

* While certain PFAS (e.g., PFOS, PFOA) have been
heavily studied, exposure, bioaccumulation, and
effects data are lacking for the vast majority of PFAS



https://echa.europa.eu/-/echa-publishes-pfas-restriction-proposal
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Patlewicz et al. A Chemical Category-Based Prioritization Approach for Selecting 75 Per- and Polyfluoroalkyl Substances (PFAS) for Tiered Toxicity and Toxicokinetic
Testing. Environ Health Perspect. 2019 doi: 10.1289/EHP4555.



Estrogenic PFAS
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FC8-DOD
1H,1H,8H,8H-Perfluoro-3,6-dioxaoctane-1,8-diol (DTXSID70381090)
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* Out of 142 PFAS screened, 40 showed
interaction with ERo or EREs

 Among those, three were identified as
particularly potent and efficacious

.
FC8-diol
1H,1H,8H,8H-Perfluorooctane-1,8-diol (DTXSID70381090) EC10-diol

1H,1H,10H,10H-Perfluorodecane-1,10-diol (DTXSID50369896 )


https://doi.org/10.1016/j.tox.2021.152789

In vivo confirmation

* Five in vivo experiments
* Four ER-active PFAS of varying

potency
*  FC8-diol
* FC10-diol
* FC8-DOD
* PFOA

* One ER-negative PFAS
«  HFPO-DA (GenX)

e Adult male fathead minnows exposed
to PFAS for 96 h
* Included E2 positive control

* Gene expression (QPCR)

* Four orthogonal ER-regulated genes
*  Two — expected up-regulation
*  Two — expected down-regulation
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Villeneuve DL, et. al. Verification of In Vivo Estrogenic Activity for Four Per- and Polyfluoroalkyl Substances (PFAS) Identified as Estrogen Receptor Agonists via New Approach Methodologies.
Environ Sci Technol. 2023 Mar 7:57(9):3794-3803. doi: 10.1021/acs.est.2c09315.



PFOA HFPO-DA

Results:
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genes
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AQP: 445

Title https://aopwiki.org/aops/445

Estrogen Receptor Alpha Agonism leads to Impaired Reproduction
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Most potent of the estrogenic PFAS (FC10-diol) tested in a 21 d reproduction test
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T Oocyte

atresia

Ovary Histology

* 68ug/L FC10-diol

Significant increase in incidence and severity of
oocyte atresia in 68 pg/L treatment.

Significant increase in the incidence and severity of
interstitial and intravascular proteinaceous fluid

Broadly consistent hypothesized KE of increased
oocyte atresia



NG

Cumulative Cumulative fecundity was significantly reduced for pairs
fecundity exposed to either 6.8 or 68 pug FC10-diol/L.

800

h -+ Control 40
© = (.68 {
Q. > 30
% 600 ~ 21 ©
o)) g - o
o)) oo 6.8 S
@ o S 20- * ]T:
2 400 Ba" Ak -2 [
S e * 68 2 ulpp
3 O 0 A AL 18 * W 10—
2 g8y o E2
S 200 > A
(&) 7 : 0+ T T T 1
\
0 [ I I I I I I I I I I I I I I I I I I I I I I I I I oo
0 5 10 15 20 25

day FC10-diol (ng/L; E2 positive control)



Ecological Relevance

* No reported detections of FC10-diol, FC8-diol, or
FC8-DOD in environment

 Literature pertains mostly to synthetic chemistry and
film-forming properties

* Patents suggest potential use in medical and dental
devices, photosensitive resins and films, conductive
and electrode films, optical polymers, etc.

e Current information is too sparse to estimate
environmental releases and loading



A S S e S S m e n t R e | e Va n C e Global Assessment of 24 PFAS in Surface Waters and Groundwater

(# data points)

FC10-diol presently, the most estrogenic PFAS
known.

* Average in vivo BMC = 8.4 pg/L
* Uncertainty factor =25 (only one vertebrate tested)
* PNEC for estrogenic effects = 336 ng/L

Conservative assessment — assume all

Surface Waters Groundwater
(334) 0)

PFAS are as potent as FC10-diol

On Iy ConSideri ng estrogen iC effects Of Sims JL, et:l.fGIobaI o;cur:’efrlmce antljkplrob;bglistic enlslli;osnn?ental hejlththazar(cji
PFAS assessment of per- and polyfluoroalkyl substances ( s) in groundwater an

surface waters. Sci Total Environ. 2022. doi: 10.1016/j.scitotenv.2021.151535.

PNEC based on short-term in vivo gene Only sites at or above the 99" percentile* were
expression response is protective relative predicted to exceed the 336 ng/L PNEC, even assuming

to effects on reproduction all PFAS are as estrogenic as FC10-diol

*Recognizing, that current probabilistic assessment is only based on
24 PFAS.

Villeneuve DL, et. al. Verification of In Vivo Estrogenic Activity for Four Per- and Polyfluoroalkyl Substances
(PFAS) Identified as Estrogen Receptor Agonists via New Approach Methodologies. Environ Sci Technol.
2023 Mar 7;57(9):3794-3803. doi: 10.1021/acs.est.2c09315.




High Tl”rougl”put
Transcriptomics for Risk-
Based Screening




High throughput transcriptomics for risk-based screening

Humans are just a tiny fraction of the biological
diversity we are charged to protect.

Many genes and pathways are conserved with
humans/mammals, but...

Unique physiology in other kingdoms, phyla,
classes...

How do we assure those pathways are covered?
As we integrate NAMSs into Next Generation risk

assessment, want to make sure ECO is not an
after thought.



Model Organisms

AQUATIC
VERTEBRATE

CRUSTACEAN

INSECT

Genomically, physiologically, taxonomically
and trophically diverse

* Primary producers (e.g., algae)
* Primary consumers (e.g., zooplankton, aquatic inverts)
» Secondary consumers (e.g., fish)

Commonly used for globally harmonized
system for classification and labeling of
chemicals for environmental hazard

Aquatic organisms highly vulnerable to
exposure



Toxicogenomic Approach
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In principle

* Exposures that elicit concerted gene expression
changes aren’t necessarily adverse

* Exposures that do not elicit concerted gene
expression changes are unlikely to be hazardous, even
over much longer exposure durations®

*Assuming potential bioaccumulation < margin of exposure



=20 PFAS screened in HTTr assays with larval fathead minnows
and Daphnia magna

tPOD IQR = 1.4-15 pM

0.014 1

tPOD IQR = 0.03-0.58 uM

1004 :

tPOD (uM)
o
10
Ho—
HE
Qi

Daphnia were generally, but
not always, more sensitive.

0-001iiiillilliilliiiiiii
@ 0 S
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*tPODs are based on chemical concentrations in exposure water



PFAS concentrations in Great Lakes tributaries were << tPODs
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Other Great Lakes CECs (monitored 2010-2018)

Chemicals

I

0.0 0.2

0.4 0.6 0.8
Frequency of detection

1.0

146 chemical for which no WQ
benchmarks, ECOTOX, or ToxCast
data were available

Pesticide degradates 69
PPCPs 66
Detergent metabolites

Flavors/fragrances

4
1
Hormones 2
Sterols 2

2

Other

Prioritized for hazard data collection
based on detection frequency



Other Great Lakes CECs (monitored 2010-2018

— prioritized for additional toxicity
L testing and site-specific effects
e I R R assessment.
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NAMs and AOPs for risk-
based screening of
complex mixtures




Jenna E. Cavallin, Jon Beihoffer,
Brett R. Blackwefl, Alexander R.
Cole, Drew R. Ekman, Rachel Hofer,

- ' A lie Kinsey, Kri
Case Study: South Platte River, CO S o e Koy [
Parman, Dana L. Winkelman, Daniel
L. Villeneuve




NAMs-based Bioactivity Screening
Attagene trans-Factorial™ Assay

FACTORIAL

Gene Regulatory

* HepG2 cell-based assay; mRNA reporter assay G i o o Sy

e I S O T e
el AT
; ma

* Provides an assessment of multiple gene
regulatory pathways in live cells

* Endpoints cover a range of biological processes
* Xenobiotic metabolism (AhR, PXR, PPAR, FXR, P ———————

I_X R ) http://www.attagene.com/technology.php

* Endocrine activity (ER, AR, GR, TR)

* Variety of Transcription Factors (NRF2,MRE,
HSF1, TP53)

Fraction of Chemicals
Measured

Unmeasured Fraction of
Chemicals




Detected Activities
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Targeted follow-up monitoring

GR activity

The GR activity below the WWTP
generally remained stable
throughout the winter months
(Dec.-March) with a mean (£SD) of
69+3.1 ng DEX-EQ/L.

On average, total DEX-EQ
throughout the fall/winter months
was greater than those measured
during the summer (June and

August samples) in 2018 and 2019.

DEX-EQ (ng/L)
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Hazards and Risk i

Haza rd tO f'Sh GR Increase, Inhibition, Inhibition. fin Reduced _ Reduced Population
AP cripto-1 Activin - swim - ; trajectory,
S u rViva I Activation S S e regeneration SEraTTEEE : survival decreased

Still orders of magnitude below
concentrations that caused
adverse effect in laboratory
studies

Minimal risk to
fish in situ™

* With uncertainties




Targeted follow-up monitoring

ER activity

* The highest ER activity downstream - | °

USWWTP
of the WWTP was detected in 100 - Cavallin etal., 2021 5 oswwip
December and steadily declined
throughout the winter months. 80 4 sp-Up-CC

* There was no ER activity above %; 60 -
detection limits upstream of the £
O 40+
WWTP 3 I % i .
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Hazards and Risk - el
e

https://aopwiki.org/aops/445

Impaired
+ v B W et

gonadotrop androgen,
ins (- progestin
feedback)

T Oocyte J
atresia Cumulative
fecundity

surge by maturation
granulosa and

Hazard to fish
reproduction  gonadotron2RN- andr

T S Tt

==

WWTP DL: median 26 ; max 50 ng E2-EQ/L

Risk to fish in situ* Exceeds concentrations of prototypical stressor t el
caused adverse effects in laboratory studies

Exceeds effects-based trigger values” for estrogenic
compounds

* With uncertainties

#Escher B, et al. Effect-based trigger values for in vitro and in vivo bioassays performed on surface water extracts supporting the environmental quality
standards (EQS) of the European Water Framework Directive. Sci Total Environ. 2018 Jul 1;628-629:748-765. doi: 10.1016/j.scitotenv.2018.01.340.



Hydrologic/Wastewater Modeling
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GR and ER activity remained elevated until

~30 km downstream of the WWTP

Percent Accumulated Wastwater

from Municipal Outfalls

Percent Accumulated Wastewater in the South Platte River
Municipal and Industrial WWTP Discharges at Mean Annual EROM Flow
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GR and ER activity profiles generally
parallel the % ACCWW



NAMs and AOPs can
facilitate more efficient
ecological risk assessment




NAMs and AOPs

' Which chemicals should be tested [in vivo]?
NAMSs And of these, which should be tested first?

Chemical-specific bioactivity (observations)
Ranking potency

. .
AOPS ‘ For what endpoints [in vivo]:

_________________________________________ | Based on what rationale?

{ | H | H H H H | ]‘- Anticipated hazards based on existing knowledge

"""""""" Not chemical-specific (search by bioactivity / effect)
Guide the next tier(s) of testing

[ ]
QQQQQ
we ®

EXpOSU re ‘ Contextualize with respect to risk




Conclusions

 We have been actively applying NAMs and AOPs
 Pathway-based bioactivities
* Transcriptomics

* Current role is to prioritize chemicals, sites, and/or endpoints for
subsequent testing

* Building confidence in the methods and models that may eventually
facilitate replacement with predictive approaches

* Need to continue conducting applied case studies to define the
strengths and limitations of NAMs and AOPs
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tPODs for data-rich PFAS in range similar to or less than sub-lethal

effect concentrations in ECOTOX knowledgebase
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Human cell-based tPODs were reasonably protective for fish, with a
few exceptions, but not for Daphnia magna
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