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Alternative Approaches for Fish Testing
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Outline

 Brief background on HESI
« Context for animal alternatives in ecotoxicology

 NAMs for fish acute toxicity
« Ecotoxicological threshold of concern (ecoTTC)
 Fish cell lines (RTG-W1)
* Fish embryo toxicity (FET) test
* Threshold approach

 Fish NAMS In other contexts
* Bioaccumulation
o Effluent Assessment

« Validation & regulatory acceptance
« Ongoing work and future directions
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SAFETY & INNOVATION
FOR HUMAN &
ENVIRONMENTAL HEALTH
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Mission of the HESI Animal Alternatives
IN ERA Committee (est. 2007)

* Develop a sound technical basis for 3Rs-based ecotoxicity
tests around the globe

« Serve as a forum / community of practice

« Address needs for hazard assessment, effluent
assessment, risk assessment, classification and labeling,
and other regulatory needs.

eduction

efinement

eplacement
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Ecological vs. Human Health Risk Assessment

— One Species

— Protection of individual

Effects / toxicity on target
organ

|

Ecological RA

{AII taxa; many more speciesJ

Protection of population

{

Effects / toxicity on growth
and reproduction

|

Challenges:

» Protection target = all species, all
ecosystems

» Many compounds lack data and are
not well-studied

» Limited resources for testing

» Regulatory restrictions on vertebrate
use

» Need tools for prioritization
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Ecological Risk Assessment — General Strategy

Tier I.  a) phys-chem analyses, literature search,
read across

Tier Il:  non-vertebrate or in vitro assays to evaluate toxicity

b) in silico methods

| effect

Tier Ill: Refined in vivo tests to measure toxicity

|
e sadnwoess

In vivo

A

In vitro In silico

Non-
vertebrate
tests
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Motivations and Background

 Acute fish toxicity testing remains an integral part most chemical
management programs and whole effluent toxicity (WET) testing

 Acute fish toxicity testing is the most common endpoint required
* More fish are used for a standard acute fish toxicity test (e.g., OECD 203)

than any other aquatic vertebrate assay

Acute Toxicity Chronic Toxicity
Fish : Invertebrate ratio Fish : Invertebrate ratio

d

Fish 2X more sensitive than invertebrates ~20% of the time

ECETOC, 2003. Technical Report No. 91

In This Issue:

ET&C FOCUS

Alternative Approaches to Vertebrate Ecotoxicity Tests in
the 21st Century: A Review of Developments Over the Last
2 Decades and Current Status

Scott Belangerf Matalis Burden § David Du Pasquier,|| Michalle R. Embry.if
arlies Halder 1 Mark &, Lamp, i} Lucy Lee i Teresa Norkerg-King,|| Barnett A, Rattner##
Istin Schirmern il and Paul Thomassss

ET&C 35(11): 2637-2646
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Threshold of Toxicological Concern

Percent

90
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Noncancer Endpoints =
O
Fitted —
Distribution
Class| ©O
Classll W
| 0.15 mg/kg/d Class Il ©
/ 3 mg/kg/d
.......... (R - S AN EEEEEEEEEEEEE NN EEEEEEEEEEEEEEEEEEEEEEEEEEEE
0.01 0.1 1.0 10 100 1000 10000

NOEL (mg/kg/day)

51 %ile

Can identify de minimis values for
many chemicals, including those of
unknown toxicity

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

Successfully used for a variety of
human health endpoints for
decades

Kroes et al., 2004




Eco TTC & EnviroTox Platform

P .
www.EnviroToxDatabase.org
‘u @ Database of ~91K curated aquatic toxicity E N Vi I"OTOX D a t a b ase

records

User-friendly database filtering interface Search filters

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

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

Obtain tox data for
multiple chemicals
(CAS) in a similar

group (e.g., MOA,
ECOSAR class)

PNEC Group Definitions

US Region

PNEC
Group

1 PNEC4
2 PNECS
3 PNECS&
4 PNECT
5 PNECS8
6 PNECS

7 PNEC10

Data Combination

1 trophic level acute

2 trophic levels acute; use most sensitive taxon

3 trophic levels acute; use most sensitive taxon

3 trophic level acutes; 1 chronic on less sensitive acute taxon

3 trophic level acutes; 1 chronic on most sensitive acute taxon

3 trophic level acutes; 2 chronics including most sensitive acute taxon

3 trophic level acutes; 3 trophic level chronics including most sensitive
acute taxon

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

Plot all a distribution
AF of all PNECs;
Assigned Calculate the lowest
1000 5th percentile value
1000

100
100
10
10

C ecolTTC



Database searching / filtering
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EnviroTox = Search Documentation  About

Database Search

Version 1.1.0
Ganeral Advanced
Consensus MOA v = v s =
AND v log Kow v > @ ErviroTon - Tools for Calodating % == _ m %
. ) R @ 8 htps/envirctondatabase.crg a +« 0OB3 0B @
AND v Select a Field (optional) v conti
Select a Field (optional) EnviroTox | Search | Analysis  Documentation  About
Substance Properties
CAS
Chemical name
Canonical SMILES Database Search
Desalted Canonical SMILES Version 110
Test Substance log Kow
o « 'Water Solubility ( Geneal Advanced
MW {g/mel)
Heavy Metals Consansis MOA . Contains v 5 =
i Halogenated
ECOSAR da: AND v log Ko v v =
US-EPA New Chemical Calegories
TEST AND v Salect & Fleld joptanal) . containg E - -+
ASTER
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Health and En Latin name T Substance ) Tasoncey @I
Sciences Institute
cas Latinname  Chemical name Trophic Level  Effect Effectvalue  Unit Testtype Teststatistic  Duration  Duration (days) Durastion (hours)  Effect is 5% above water solubility  Source versian Reparted chemical name
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1b.2,5.58, Interpretation and Data beea, B beta, Ba alpha-2 5-methano-2h-
hexahydro-1aH-2 5 Base for 410 Chemicals indeno[1 2-boxirene 2 345677
mathanaindenn[1 2- and 66 Specias of heagtachlorn-1b 2 5 5a, 6 Gia-haxahwydmo-1ah-
blasdreng Frestwater Snimals 2 5-methanoindzno| 1,2+ cxdr
1024573 Lapomis Haptachiar FISH Martality 00075 mgl A LCSD HMhowws 1 24 [ MayarFL Jr and MR ErviroToxv1  haptachlor spoxida;? 34567 7-
macrochinus  epadde 2 3.4,56,7.7- Ellersleck, . Manual of heptechicro-1a. 1,5 58,658, -hewxahydro-
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hexahydro-18H-2 5- Base for 210 Chemicals indeno| 1. 2-bjoxirens;23,4.56,7.7-
methanoindenaf1.2 and 66 Species of heptachloro-1b 2 5 5a, 6 Ga-hexatydro- 1ah
blwirans Freshwatar Aimals 2 S-mathanoindana[1.2-5]cxr
1024573 Oncorhynchus  Heplachio FISH Mortaily o002 mgl A LCsD 96 howrs 4 9% 0 MayerFL . and MR, EmviroToxv]  heplachior epoxide.2 3,45 6.7.7-
mykiss apavida;? 6 Fllarsiack, Manual of heagptachlorn-1a 1h,5 5a,6 fia -heafydro-
Heptachion- Aruts Taxkcity: (28 aipha, 1b b=ta, 2 aloha, 5 slphs, 5a
A 1b.2,5 50,6 6a Interpretation and Dala beta, 6 beta, Ba alpha-2 S-methano-2h-
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124573 Oncorhynchus  Heptachior FISH Martalty o.026 mgl A LC50 24 howus 1 2 0 MayerFL Jr and MR, EmviroToey]
miykiss epudide 234.56,7.7- Ellersies Manual of 6.5,
Haptachiare- Acuts Toicity (?a aipha, 1h beta, 2 alpha, 5 alpha, 5a
1b.2,5.58,6. 8- Intzrpretation and Data b=ta, & beta, Ba aloha-2 S-methano-2h-
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PNECs and ecoTTC Distribution
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Framework for eco-TTC?

Problem Formulation

A 4

Exposure assessment

A 4

‘ Application of eco-TTC

\ 4

Preliminary risk characterization:
Is there a concern at estimated levels of exposure?

A 4

A 4

Exemption of further consideration
at current levels of exposure

Hazard identification &
classification

Full risk characterization

A

A 4

Risk management

Modified from Kroes et al., 2005
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Fish Cell Line Work: Rainbow trout gill cell line

[

s« RTgill-W1

 Cell viability as a surrogate for fish survival

Acute toxicity to water samples & chemicals

* New ISO Guideline 21115:2019

 Full test submission to EURL ECVAM Sept 2018 (TM2014-01)
* Proposed to OECD Fall 2018 as a new Test Guideline

* Bols et al., 1994, J. Fish Dis 17, 601-611

« American Type Culture Collection ATCC® CRL-2523™

« Assumption for fish acute toxicity:

 Gill as primary site of interaction Toxicity assessed with a combination of cell
viability dyes

w(é%
w‘% f
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Metabolic activity:
alamarBlue/PrestoBlue

(DT

Cell membrane integrity:
CFDA-AM

Lysosome integrity:
Slide modified from K. Schirmer Neutral Red

£



&

q

{

(D

£
(=)

=2

Fish Cell Line Work: Rainbow trout gill cell line

« Well developed, optimized and widely tested SOP
» Transferability and robustness evaluated via ring-trial
* One chemical tested per 24-well plate

&) (£

(D

(DT

L4 24 hours from Start Of eXposure to test result metabolic activity - EC50 values based on measured concentrations
z Lab A
« Sampling for chemical analysis integrated = Hexachlorophene s
e LabC
" . - = -
« Unambiguous quantification of effect e,
= LabE
W « Multiple sample types: chemicals, product mixtures, effluents, extracts et Pentachlorophenol "
—— Lab B
‘<>0 bcake 1 3: Lab €
A Intra-lab = ez Inter-lab < Lo
. $_: Lab A
125 s 11 1259 125 1,2-Dichlorobenzene z Lab B
Bv 100+ &3 * 1004 9—09
'% ] T\ %75. ’?m“ - LabA = Lab €
E 50-{ \ E 504 E 75 - :::Eg +S Lab
3 \ % 5l 2 = Lab E
* 2:' Lab A by # » % 50 = labD +§ Lab A
i T Too v T ™ o ML ~+ labE 3,4-Dichloroaniline < Lab &
P 25~ 3,4-DCA concentration [mgiL] 257 3,4-DCA concentration [mgiL] o : LabF ‘?§ LabC
1 10 100 ™ a
w 125, 1257 -25 3,4-DCA concentration [mag/L] ;% td: ?
6@' . 1001 Lo ™ = 1001 s LI N ‘e 5 Lab F
Q z 759 Z 759 . £ N
£ 5 2 s % Malathion 2 LE’;
:® LabB \ &% LabE E
o 1 1. —=
QO N 1 0 100 1 10 100 2 tab &
237 3,4-DCA concentration [mg/L) 25" 3,4-DCA concentration [mgiL] ":é LabE
O B . = a
1 5 . 2,2,2,-Trichloroethanol = i
100+ o g a 100 i - Lab &
% 78] : £ . g Lsb €
2 o L \ < o
8= labC N Ex{LabF 3
T o+ - cJ —-i lb "50 0001 0.0l ol 1 10 100 1000 10000
- 3,+Dc:\ mncm";:m [mg”_;m #5~  34-DCA concentration [mgiL] concentration [mg/L]

AQD

%) Slide modified from K. Schirmer Fisher et al., 2019



Fish Cell Line Work: Rainbow trout gill cell line

° 31 *
Caffeine o y=097x-0.36 .

- Allyl alcohol e Y 7=0.94
- L ]
g 2 . 3 2 -
® - Lindane 2
3 Permethrin o ; 38 Study on Fragrances
L 04 (]
= =1 5 . G
B g Givaudan
US € Cell line assay superior to
o 2. o QSAR
g 3,]

Lo

-4 v

-5 T T T T T T T . -1 '

5 4 -3 -2 -1 0 1 2 8 4. D - 0 1 2 3
log (in vitro EC50 RTgill-W1; mg/L d
log LC,, acute fish test (mg/L) * og (Vi g Mo/l mean measured)

Tanneberger et al, ES&T 2013, 47, 1110-1119 Natsch et al., 2018, ET&C 37(3): 931-941

& Schirmer et al Eawag News 2013, 02/0Oct

Slide modified from K. Schirmer



Fish Embryo Toxicity (FET) Test

» Adopted as OECD TG236 in 2016
* Pioneered by scientists in Germany; mandatory for sewage effluent testing in
Germany since 2005
» Basics of the method:
* Newly fertilized embryos
« 20 embryos / concentration / control
« 5 test concentrations
« 96h exposure with semi-static renewal
« 4 endpoints for acute lethality (24, 48, 72, and 96h)
« LC50 calculation at 48 and 96h




Normal

Lethal
effects

1h

Beginning coagulation

24 h

Malformation due to
lack of somites

48 h

E = eye; S = somites; Ch = chorion; C = chorda; TD = tail detached,;

TND = tail not detached

photos provided by J. Bachmann, UBA, Berlin
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Slide modified from S. Belanger

o
=}
ish

FishLCs0=0.989 x FETLC5,—0.195
Slope 95% Cl: (0.92, 1.07)
r=0.95, 72 chemicals

.. 2
Embryo Test LCs

Belanger et al. 2013. ET&C.
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FET / Acute Fish Test Comparisons

* High apparent r
e Scatter for some
chemicals

* Distribution/chemical
coverage

FET/AFT

Association of FET/AFT ratios with MoA

______________ e C® e ___

o Aldic
o Allyl alcohol o Fena
2-Methoxyethanol o Azing
Folpet 8

Aniline g

< Iodocarb 3
o Diallyl phtalate  Ziram

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

hrb
niphos
hos-methyl

]

S

difference?

Sobanska et al. 2018. ET&C

« Some MoA seem to be
underpredicted by FET

« Different process of data
compilation/filtering

« AFT issues abound

Weak FET
sensitivity

10fold
difference

When is this a big deal,
when is it not? Whatis a
big difference/small
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2 Mode of Action Impact

(LI

:
QO ” . @ AChE neunotoxicity o
& Electron transport inhibition P .
R garctigi m: __ﬂ“ L « Recent analysis (Glaberman et al. 2017; Sobanska et al. 2018)
% MNon- neurotadicity " L . . e
Reactiy indicate that embryos are somewhat less sensitive to
< 37 o neuorotoxic compounds than juvenile fish
g = x yﬁ;_’ ;"‘*3 « Some uncertainty on this conclusion due to mixing of many
. AT types of embryo assays
c? : Xi o :
b 3-c
4« 3 2 4 o 1 2 3

Zabrafish embryo log ACS0 (mg/L)

>20 MoA represented in published FET-AFT
comparisons

Polar narcosis 17 other MoA's

with 1-5
representative
Compounds

« Dominated by narcotic MoA (also dominant
chemical group in commerce)

£ G D

« ~15% of the FET database are reactive and

neurotoxicants
AChAE inhibition

~Induced hypoxia
Reactive

£

4 Slide modified from S. Belanger
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2 Trophic Sensitivity to Specific MOAS

3] § = @ f 3 =
] p b £ b=
- dEE
nol S & a
4485 O
85 % "
9%5
w = w
4 = ‘ =
w w ©
= = E
= = =
] H E
3 H 2
2 = 2
£ £ 2
-« - =
S o =
o oy o
B = E I - =
o = o
= o o
T L e R T T T T
Q 0.001 .01 3] 1 10 o 1000 10000 la-df la-Ob la-Ob  de-D4 D! nin 0t 1 10 10 W oo et la-g4 b0 am a1 1 1 20y e lafin dasan
w Cancantration (ma'L) Crnrarmtian (mgl § Concentratian g

Algae least studied

Group 5th percentile 95% LCL 95% UCL . .
- (mg/L) (mg/L) Daphnia most sensitive

p
Algae 0.0696 0.0326 0.1298 Fish — relatively invariable
S
Daphnia  0.000166 7.1583X 105  0.000349
<O
> Fish 0.025072 0.019807 0.031419

» Trophic group tolerance/sensitivity curves for compounds with specific modes of action (from
www.EnviroToxdatabase.orqg)

Slide modified from S. Belanger
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Threshold Approach

Conduct algal growth
inhibition test
(e.g., OECD 201)

72-h ErC50

ENVIIMIMONC201017
oren (@

OECD Environment. Health and Safety Publications
Serics on Testing and Asscssment

No. 126

SHORT GUIDANCE ON THE THRESHOLD APPROACH FOR ACUTE FISH
TOXTCTTY

(A mg/L)

Lower of:
72-h ErC50,
48-h EC50

Conduct Daphnia
magna immobility
toxicity test (e.g.,

OECD 202)

48-h EC50
(B mg/L)

Leverages all acute toxicity information (algae,

daphnid, fish)

« ~80% of the time, algae and daphnids are

more sensitive than fish

« Use this information to reduce fish testing

(frequency, numbers)

Slide modified from S. Belanger

Single concentration,
Acute Fish Test at lower
of Aor B (e.g., OECD
203)

Any
mortality
observed?

No more testing, use lower of A
or B in environmental hazard
assessment

Complete (full) design, Acute
Fish Test at lower of A or B
(e.g.,OECD 203)




Threshold Approach — Role of NAMs

Conduct algal growth
inhibition test
(e.g., OECD 201)

Conduct Daphnia
magna immobility
toxicity test (e.g.,
OECD 202)

Slide modified from S. Belanger

72-h ErC50
(A mg/L)

48-h EC50
(B mg/L)

Lower of:
72-h ErC50,
48-h EC50

Single concentration,
Acute Fish Test at lower
of Aor B (e.g., OECD
203)

No more testing, use lower of A
or B in environmental hazard
assessment

FET (OECD
236) or RTG-W1
used in place of

acute fish test

Any
mortality
observed?

Complete (full) design, Acute
Fish Test at lower of Aor B
(e.g.,OECD 203)
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Bioaccumulation Concepts

Mathematical models (QSARS)
using Ky -based relationships
predict bioaccumulation
correctly for many compounds
if they are not metabolized

Metabolism tends to reduce
bioaccumulation

Metabolism is the most critical
uncertainty in bioaccumulation
assessments

Gill uptake Biotransformation
(“whole body”)

Dietary uptake

Gill elimination Fecal egestion

Mass Balance Equation
d Uptake

[(K,Cy) + (KoCp)] Elimination

Crish=

(ko + kg + Ky + Kg)
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Bioaccumulation Concepts

Rainbow Trout Liver:

In vitro — in vivo extrapolation
(IVIVE)

In vitro

CLIN VITRO,INT
(ml/h/mg protein or

ml/h/1068 cells)

CLIN VIVO,INT

@P

(ml/h/kg BW) (L/day/kg liver) (1/day)

S9 subcellular
fractions
Cryopreserved
hepatocytes

Log concentration
- M)
)]

Two new OECD Test Guidelines!
OECD TG 319A&B

@ Active

0 1 Timé (h) 3 4

In vivo

Combine k,, with estimates
of k4, k, and kg to
simulate Cgg, and predict
BCF (L/kg)

4

Comparison of predicted
BCFs based on in vitro —in
vivo extrapolation to in
vivo BCFs and BCFs
predicted with QSARs (e.qg.,
EpiSuite)



Effluent Assessment

Whole effluent testing (WET) is a common

assessment tool for aquatic environmental
protection

Toxicity testing for effluent requires use of fish

(acute & chronic)

Effluents are variable and require recurrent testing
Weekly, monthly, quarterly, annually
3 — 6 million fish used annually in the US alone

Envirenmental Toxicology and Chemistry—Volume 37, Number 11—pp. 2745-2757, 2018 2745
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FOCUS

Focus articles are part of a regular series intended to sharpen understanding of current and emerging

topics of interest to the scientific community.

An International Perspective on the Tools and Concepts for
Effluent Toxicity Assessments in the Context of Animal
Alternatives: Reduction in Vertebrate Use
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Effluent Assessment - Alternatives

Several promising alternative approaches for effluent assessment:

RTgill-w1

Algal growth test
MicroTox assay (bacteria)
LumiMARA (bacteria)
Daphnid acute toxicity test
DART assay (nematode)
FET

Whole effluent assessment (WEA,; MicroTox paired with
biodegradation assessment)

Key components to consider in a Available alternative test
weight-of-evidence approach methodologies
WET/WEA ™ Fish cell fin
Chemical f effiuent Ty, Fish embry:
esting of receivingenvironment = SE . G JE  * Receptor-based assays
ooooo S iccha - 6 SPIE
Toolbox for effluent
testingfassessment
Current considerations and test species used
Marine vs. Arctic vs. temperate vs. tropical
Exposure: Acute vs. chranic vs. Trophic levels: Algae,
multi-generationalilife cycle invertebrates, fish
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Regulatory Acceptance

NAMs often challenge the status quo
o New expertise / skills needed to evaluate
o Ability to place NAMs in the right context (e.g., IATA, fit for purpose)

Many regulatory environments are heavily codified and change is
difficult

Mutual Acceptance of Data (MAD) within OECD Member Countries;
but implementation occurs at the federal level

Method validation bodies have different strategies and interests

Suggestions on a path forward.....

Separate & specific guidance on implementation of NAMs

Participation by regulators / governments in validation programs

Early discussion on use and implementation (and scope / domain of applicability)
Databases to facilitate comparisons / interpretations (e.g., EnviroTox, others)
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Next Steps

Ongoing OECD Project 2.54: Guidance Document on IATA for Fish Acute Toxicity Testing
« Will include revision of the threshold approach Guidance Document (GD 126)
« Combines QSARs, fish embryo test, RTgill-W1 assay in a threshold context

HESI Animal Alternatives in ERA Committee
« ecoTTC/CTD case study work
« Alternatives to effluent assessment
« Continued work on the FET analyses

HESI Bioaccumulation Committee
» Follow-up from recent expert workshop on in vitro methods — October 2019
« Ongoing outreach to stakeholders on weight of evidence & integration of NAMs
« Ongoing projects on bird & invertebrate biotransformation

RTgill-W1 approved for OECD TG development in April 2019 (Part of workplan)
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Conclusions

Several new ‘ecoNAMS’ relatively recently advanced:
o OECD 236 (FET)
o OECD 319 A&B (Bioaccumulation)
o 1SO and hopefully OECD TG (RTgill-W1)

Integrated / tiered approaches are already in place (e.g., Threshold Approach) — need
to be modified to allow for NAMs

Use of existing information is key for NAM / existing method comparisons as well as

development of in silico tools:
o ecolTTC
o QSAR advancement

More work is (still) needed!
o Effluent assessment NAMs could have a very big impact
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Want to get involved?

HESI Committees working in this space
Ecological & human health NAMs: www.hesiglobal.org
Contact Michelle Embry (membry@hesiglobal.org)

SETAC Animal Alternatives in ERA Interest Group:
https://www.setac.org/group/IGAnimalAlternatives
« Sessions being held at SETAC NA, Europe, and
World Congress
« SETAC Europe (Dublin, May 2020) abstracts due Nov
27!
» https://dublin.setac.org/

Alternative Approaches to Animal Testing for Aquatic Ecotoxicity
Assessments and Environmental Risk Assessments



http://www.hesiglobal.org/
https://www.setac.org/group/IGAnimalAlternatives
https://dublin.setac.org/

Michelle Embry

membry@hesiglobal.org
202-659-3306 x183

Thank you!

Q@g _szw, V QWBW% ,, .pw%@< ,
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