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Abstract

Information about acute fish toxicity is routinely required in many jurisdictions for environmental risk assessment of chem-
icals. This information is typically obtained using a 96-hour juvenile fish test for lethality according to OECD test guideline
(TG) 203 or equivalent regional guidelines. However, TG 203 has never been validated using the criteria currently
required for new test methods including alternative methods. Characterization of the practicality and validity of TG 203
is important to provide a benchmark for alternative methods. This contribution systematically summarizes the available
knowledge on limitations and uncertainties of TG 203, based on methodological, statistical, and biological consider-
ations. Uncertainties stem from the historic flexibility (e.g., use of a broad range of species) and constraints of the basic
test design (e.g., no replication). Other sources of uncertainty arise from environmental safety extrapolation based on
TG 203 data. Environmental extrapolation models, combined with data from alternative methods, including mechanistic
indicators of toxicity, may provide at least the same level of environmental protection. Yet, mostimportantly, the 3R advan-
tages of alternative methods allow a better standardization, characterization, and an improved basic study design. This
can enhance data reliability and thus facilitate the comparison of chemical toxicity, as well as the environmental classifi-
cations and prediction of no-effect concentrations of chemicals. Combined with the 3R gains and the potential for higher
throughput, a reliable assessment of more chemicals can be achieved, leading to improved environmental protection.

1 Introduction

1.1 The current use of the in vivo acute fish toxicity test

The assessment of fish toxicity is an integral part of environ-
mental hazard and risk assessment of many regulations world-
wide (OECD, 2012a; Scholz et al., 2013). One of the frequently

used vertebrate animal tests for aquatic toxicity assessments is
the acute fish toxicity test (AFT)!, which is typically conduct-
ed according to OECD Test Guideline 203 (TG 203) or sim-
ilar guidelines (OECD, 2019b, 2012a; US EPA, 2016; ISO,
1996a,b,c). The AFT is used for the prospective assessment of
individual chemicals, particularly to derive, depending on local

1 For example, in Europe between 2015 and 2017, AFT testing caused about 45% to 60% of animal use from aquatic species for eco-toxicity testing, i.e., about 34,000
to 50,000 of 71,000 to 84,000 fish and amphibians, with amphibians contributing about 0.5% (European Commission, 2020, Part 2/5, tables 9.2 on pages 19, 53, 88)

# The first two authors are ranked according to their contributions, thereafter alphabetically.

Disclaimer: The scientific views presented in this paper are those of the authors alone and do not necessarily reflect official views of their respective institutions.

Received June 5, 2020; Accepted September 16, 2020;
Epub September 16, 2020; © The Authors, 2020.

ALTEX 38(1), 020-032. doi:10.14573/altex.2006051

Correspondence: Martin Paparella, PhD
Division of Medical Biochemistry, Biocenter
Medical University of Innsbruck

Innrain 80, 6020 Innsbruck, Austria
(martin.paparella@i-med.ac.at)

20

This is an Open Access article distributed under the terms of the Creative Commons
Attribution 4.0 International license (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution and reproduction in any medium, provi-
ded the original work is appropriately cited.

ALTEX 38(1), 2021


https://doi.org/10.14573/altex.2006051
mailto:martin.paparella@i-med.ac.at
http://creativecommons.org/licenses/by/4.0/

PAPARELLA ET AL.

&

or international regulations, an environmental classification, a
predicted no-effect concentration (PNEC) and/or one potential
element of the toxicity criterion for PBT (persistence, bioaccu-
mulation, toxicity) assessment (ECHA, 2017a). Furthermore, in
some countries, the AFT is also conducted for effluent testing
(Norberg-King et al., 2018; Scholz et al., 2013) or to inform the
use of the test concentration for the fish bioconcentration test
or as range finder for many other tests with more specific end-
points (OECD, 2012b). The AFT is based on a 96-h acute expo-
sure of juvenile fish, identified as such by length. The percent-
age of lethality observed at each concentration is used to calcu-
late an LCs (lethal concentration at which 50% of the animals
die). For the standard full concentration-response test, at least 5
concentrations with a minimum of 7 fish per concentration are
used, without replication, resulting in a minimum number of 42
animals per test compound or sample (OECD, 2019b).

According to an OECD review (OECD, 2012a), the earlier TG
203 design of 1992 lacked critical specifications for several ex-
perimental parameters including the test duration (it was “prefer-
ably” 96 hours), use of solvents and solvent controls, application
of statistical methods, measurement of fish length, and selection
of a test species or multiple species from the numerous recom-
mended species (Tab. S12, Section 9). Consequently, in 2019, TG
203 was revised to include more specifications and some test ad-
aptations, including (as far as possible) the need for a validat-
ed analytical method to document actual test concentrations. The
update also refers to revised guidance on the appropriate use of
solvents (OECD, 2019a). However, the revision has not broad-
ly changed the basic test design. For example, lethality was not
replaced by moribundity as the definitive endpoint, the number
of fish used per concentration remained 7 as a minimum, and
the number of recommended fish species increased further to 11
(Tab. S12, Section 9).

Moreover, due to the limited stringency of some specifications
in the early test protocols, which also partially apply to the re-
vised version (fish species/strain/age cohorts, water conditions,
use of moribundity or lethality, Section 2.2), the available data
are very heterogeneous (Section 2.4.1 and Tab. S12, Section 9.1;
Braunbeck et al., 2020).

2 doi:10.14573/altex.2006051s

1.2 The current use of alternatives to the in vivo

acute fish toxicity test

Two experimental alternative methods have been standardized,

validated and included in the OECD Test guidelines programme:

The fish embryo acute toxicity test (FET), has been adopted as

TG 236 (OECD, 2013, 2011a, 2012c; Busquet et al., 2014). The

fish gill cell line acute toxicity test using the rainbow trout (Onco-

rhynchus mykiss) RTgill-W1 cell line has been scientifically vali-
dated (Fischer et al., 2019; Tanneberger et al., 2013; Natsch et al.,

2018; IS0, 2019) and was included in the OECD WNT workplan

as Project 2.63 for the development of a regulatory OECD test

guideline in 2019 (Tab. S12, Sections 8.2, 9.2, 10.2).

Furthermore, computational approaches are available to pre-
dict acute fish toxicity either as freeware, such as US EPA TEST3
and VEGA (Benfenati et al., 2013)#, or as commercial software,

such as CATALOGIC? and iSafeRat® (Thomas et al., 2019).

Moreover, similarity of chemical structures and/or in vitro da-

ta may be used to form chemical categories with the purpose

of supporting read-across of existing experimental in vivo data
within those categories. The OECD QSAR Toolbox’ may sup-
port such assessments (OECD, 2007; Low et al., 2013). Work to-
wards more automated “big data” approaches is also in progress

(Helman et al., 2019; Luechtefeld et al., 2018).

These alternative methods can provide mechanistic indicators
for sub-lethal toxicity:

— Endpoints in the FET (coagulation of fertilized eggs, lack of
somite formation, lack of detachment of the tail-bud from the
yolk sac, and lack of heartbeat) are mechanistic in that they
provide more information than simply whether a fish is dead
or alive. If needed, these endpoints could also be expanded to
include other endpoints such as neurotoxicity (Stengel et al.,
2018; Zindler et al., 2019; Kluver et al., 2015).

— Based on the hypothesis that acute fish toxicity is often caused
by nonspecific modes of action, endpoints such as metabolic
activity and cell- and lysosomal membrane integrity measured
in the RTgill W1 cell line test (Fischer et al., 2019) could be
considered a mechanistic key event, even without a fully char-
acterized adverse outcome pathway (Volz et al., 2011)8.

— Similar to sub-lethal effects in the FET, such effects on gill

3 Toxicity Estimation Software Tool (TEST). US Environmental Protection Agency. https:/www.epa.gov/chemical-research/toxicity-estimation-software-tool-test (upda-

ted 22.08.2016; accessed 15.05.2020).

4 Virtual models for property evaluation of chemicals. Vegahub. https://www.vegahub.eu/ (accessed 15.05.2020).

5 Software. Oasis Laboratory of Mathematical Chemistry. http://oasis-Imc.org/products/software/catalogic.aspx (accessed 15.05. 2020).

6 iSafeRat Online. KREATIS. https://isaferat.kreatis.eu/en/gsar.php (accessed 15.05.2020).

7 The OECD QSAR Toolbox. Organisation for Economic Co-operation and Development. http://www.oecd.org/chemicalsafety/risk-assessment/oecd-gsar-toolbox.htm

(updated 15.04.2020; accessed 15.05.2020).

8 The key relevance of cytotoxicity as a mechanism for acute toxicity was also recognized for acute mammalian toxicity (Prieto et al., 2019; Vinken and Blaauboer,

2017).
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cells increase the likelihood of environmental population lev-
el lethality. This hypothesis appears mechanistically plausi-
ble, because compromised or weakened fish are likely to die
in the real-world environment due to predators, competitors
and/or other environmental stressors (Section 2.3 and Tab.
S12, Section 1.1). Appropriate data to support this hypothe-
sis are not available for fish, but for algae and invertebrates
(Knillmann et al., 2012; Zhao et al., 2020).

— Finally, computational methods may inform on aquatic toxic-
ity and structural alerts for non-baseline compounds and pro-
vide mechanistic information (Bauer et al., 2018a,b; Thomas
etal., 2019). Such results may be integrated with data from al-
ternative experimental methods within an integrated approach
to testing and assessment (IATA) or Bayesian network ap-
proaches (see next paragraphs).

Since 2005, only one test using fish embryos, the fish-egg test
(IS0, 2016) used in Germany as part of the waste water dues law,
has been implemented as a stand-alone replacement of an acute
fish toxicity test (Bundesgesetzblatt, 2005; Norberg-King et al.,

Tab. 1: Terminology used within this manuscript?2

&

2018). In contrast, in chemical regulation worldwide, none of the
experimental or computational alternative methods have been
fully accepted as a stand-alone replacement for TG 203. Some,
such as the FET and computational approaches, are considered
useful at least within a weight-of-evidence (WoE) approach
(ECHA, 2017b). However, the WoE and read-across-based ap-
proaches, which combine multiple sources of information, may
be of limited regulatory efficiency and are rarely used due to their
high complexity and low standardization. They could lead to
subjectivity of data selection and integration, possibly resulting
in disagreement between experts and low assessment through-
put. Therefore, work towards a quantitative WoE approach to re-
place TG 203 using Bayesian networks has been initiated (Lilli-
crap et al., 2020; Moe et al., 2020).

A testing strategy that does not replace TG 203 but reduces the
number of fish required is the threshold approach for acute fish
toxicity, and this was standardized at OECD level (OECD, 2010).
In this approach, standard acute toxicity tests not involving the use
of vertebrate animals are first conducted with daphnids (OECD,

with further knowledge.

Term Explanation Potential improvements
by alternative methods
used within IATAsP

Limitation Known practical disadvantages, e.g., testing throughput yes

Variability Variability is due to (biology and/or test guideline caused) diversity. For example:

Experimental variability is intrinsic to biology and due to flexibility in the TG. yes
For a given TG, variability cannot be reduced with further knowledge.¢

Environmental variability is intrinsic to biology and environment. It cannot be reduced no

Uncertainty
test guideline caused) variability. For example:

Uncertainty is due to limited knowledge about a true value including its (biology and/or

The LCs0 confidence interval is broad if the LCsg is close to the border of the yes
concentration range tested and the concentration-response slope is flat.

The absence of a validation study implies uncertainty (= limited knowledge) about yes
robustness and experimental variability of a method.

Awareness of the high diversity of real environments indicates uncertainty about no
quantitative knowledge of environmental variability.

Complexity

of data in relation to mechanistic knowledge.

Complexity stems from multi-causal effect-relationships, e.g., in hazard characterization | no
for aquatic life, based on a WoE assessment (including, e.g., read-across, QSAR,
animal test data from superseded TGs, new alternative methods data), which is

the result of a series of decisions, including, e.g., data sources, data quality assignments
for their selection, similarity measures for read-across, weight assigned to various types

Ambiguity

Uncertainty stemming from the plurality of scientifically legitimate viewpoints, e.g.,
resulting from the complexity of scientific assessments.

no, by alternative methods;
yes, by IATA guidanced

a The table is adapted from Paparella et al. (2017); for concepts of variability and uncertainty see, e.g., EFSA Scientific Committee et al.
(2018), and for concepts of complexity and ambiguity see, e.g., IRGC (2017). ® For discussion, see Figure 1 and text in Section 2 of this
manuscript. ¢ Knowledge about variability may be used to improve/change the test design. However, this results in a new TG with

its new variability. d IATA guidance reduces the ambiguity by rules agreed a priori to testing and assessment. For example, the IATA for eye
damage/irritation prescribes to carry out a Weight of Evidence (WoE) assessment based on available data a priori to new testing, and

the result of this WoE determines the use of either of three different sequences of in vitro tests, and also the results at each step within

the sequence of tests determines the need for follow-up testing (OECD, 2018a).
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2004) and algae (OECD, 2011b). Using appropriate negative con-
trols, fish are then exposed to the lowest ECsq of these tests at a
single concentration (the threshold concentration) or using a lim-
it test (100 mg/L), whichever concentration is lower. A full TG
203 concentration-response test is only performed if toxicity is
observed at the threshold concentration. Since daphnids and al-
gae are frequently the most sensitive trophic levels and, therefore,
drive environmental classifications and PNECs, the threshold ap-
proach results in a significant reduction in the number of fish re-
quired for regulatory purposes (Jeram et al., 2005; Hutchinson et
al., 2003). Recently, the possibility of including the FET in the
threshold approach was explored (Rawlings et al., 2019) to sup-
port a time and cost-efficient use of the new method, and to opti-
mize 3Rs gains for predicting acute fish toxicity.

The development of an “Integrated Approach to Testing and
Assessment (IATA) for acute fish toxicity” was included in the
OECD WNT work plan in 2015 (WNT project 2.54). In princi-
ple, an TATA for acute fish toxicity might be constructed similar-
ly to the IATAs for skin or eye irritation (OECD, 2014, 2018a):
First, a WoE assessment of all available and relevant information
is conducted. This may already lead to a conclusion or could in-
form the need for follow-up testing using an integrated testing
strategy (ITS). The ITS may aim at estimating whether the LCsq
for fish is lower than for daphnids and/or algae, and only if this
is the case, a more in-depth estimate for the fish LCsg should be
provided. Such an ITS could represent an alternative to the cur-
rent threshold approach by starting with acute tests with algae
and daphnids, followed by QSARs, fish cell lines, and/or fish em-
bryos, and conditionally — and only as a last resort and if indicat-
ed by the available data — would TG 203 be conducted. Compu-
tational approaches for data integration, e.g., Bayesian networks
(Lillicrap et al., 2020; Moe et al., 2020), could complement the
IATA, remove subjectivity, and provide an output in terms of a
probability for a result.

The development of such an IATA with low potential for ambi-
guity (see Tab. 1, last line) may be essential for practical regula-
tory use and predictable acceptance by all stakeholders.

1.3 Transparency of scientific uncertainty is essential
for responsible decision-making
This argument was already provided elsewhere (Paparella et al.,
2020), but it is repeated and adapted here for the specific context.
It is essential for responsible decision-making in the manage-
ment of chemicals that the uncertainties in data and knowledge are
transparently described. This is important, as risk assessment and
decision-making are typically carried out by different regulatory
units or bodies. Guidance and tools have been developed for trans-
parent characterization of the uncertainty of chemical risk metrics,
such as ratios between human exposure and human limit values
(EFSA Scientific Committee et al., 2018; WHO and IPCS, 2018).
However, there is a need for a similarly transparent analysis
of uncertainties of the performance metrics for testing methods
within the validation process. This has recently gained recogni-
tion in the field of human health regulatory toxicology, where,
specifically, the uncertainty characterization of standard in vivo
reference methods is starting to promote the acceptance of alter-
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native methods. This experience from human health toxicology
could also support the acceptance of alternative approaches to
acute fish toxicity testing and assessment.

As an example, information on the reproducibility of test
guidelines for animal tests in the field of eye irritation/damage
and skin sensitization sets limits for achievable correlations be-
tween data from alternative methods and the animal test-based
reference methods (Adriaens et al., 2014; Barroso et al., 2017,
Hoffmann et al., 2018). It was also analyzed how the experimen-
tal variability of acute rodent LDsq data translates into variabil-
ity of Global Harmonized System (GHS) classification (Hoft-
mann et al., 2010). Later, it was highlighted that, from a scientific
perspective, a borderline range between GHS potency catego-
ries should be established. Test results falling into this borderline
range should be considered as uncertain due to limited reliability
of any test result (Leontaridou et al., 2017; Dimitrov et al., 2016).
A comparable finding regarding aquatic acute toxicity classifica-
tion has already been identified by Rawlings et al. (2019).

A systematic summary of uncertainties of animal reference
methods is useful also in cases where a fully quantitative uncer-
tainty characterization is not possible, due to a lack of data and/
or the complexity thereof. It allows at least a semi-quantitative
and qualitative comparison of the performance and uncertainties
of both in vivo and alternative approaches. This could support a
best-informed decision on the acceptability of the new method-
ology. Such work was conducted for the rodent-based carcino-
genicity assessment (Paparella et al., 2017) and is ongoing in the
field of rodent-based developmental neurotoxicity assessment
(Paparella et al., 2020).

Recently, the OECD Validation Management Group Ecotoxi-
cology (VMG Eco) discussed that the uncertainties associated
with long-standing OECD tests such as the TG 203 in vivo AFT
should be compiled (2018, unpublished recommendations for up-
dates of the fish testing framework (OECD, 2012a)). There are al-
ready several studies that analyze TG 203 LCs variability (Hro-
vat et al., 2009; Scholz et al., 2016; Belanger et al., 2013; Busquet
et al., 2014; Braunbeck et al., 2020; see Section 2.2 and Tab. S12,
Sections 9.1 and 10). However, a more-in-depth summary of the
potential limitations and uncertainties in variability and in envi-
ronmental extrapolation of TG 203 is still lacking. The purpose of
the present manuscript is to provide such a summary, applying an
approach that has been used previously for the 2-year rodent can-
cer bioassay-based carcinogenicity assessment (Paparella et al.,
2017). This approach builds on the existing OECD IATA guid-
ance document (OECD, 2016) and suggests using identical struc-
tures for the characterization of the current method and the alter-
native approaches, including their specific uncertainties. This ap-
proach will facilitate a comprehensive comparative assessment in
qualitative and quantitative terms.

2 Limitations and uncertainties of TG 203 - perspectives
for reduction by alternative method-based IATAs

The use of the AFT, as conducted according to TG 203, is char-
acterized by a number of limitations and uncertainties that could
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Acute fish toxicity assessment based on TG 203

3Rs conflict:
vertebrate test,
lethality endpoint
Limitations Low testing
throughput

No mechanistic
information

Constraints of basic
test design: > 7
fish, 1 cohort, no
tank replicate, no
positive control,
Uncertainties low LCg,confidence

experimental

Alternative methods
IATA

1 3Rs & throughput for
assessing more available &
new, lower risk chemicals
for Moverall
environmental protection

Mechanistic, indicators for
(sub)lethal toxicity for
/" overall environmental
protection

&

Fig. 1: Limitations and
uncertainties of the OECD TG
203 acute fish toxicity test versus
alternative methods-based IATAs
Acute fish toxicity assessment

based on TG 203 contains
limitations in terms of significant
practical disadvantages as well

as uncertainties in experimental
variability, both of which may be
reduced by the use of alternative
methods combined within IATAs.
Considering the uncertainties in real-

variability Flexibility of test
design: 11 species,
no. of fish, water l ‘ —)
conditions, varying ;
biotransformation,
moribund vs.lethal
[ ol & |
Uncertainties . -—
X LC, / pragmatic «
t: | 50 8
environmenta assessment factors @_’“ 2 —
extrapolation # é

world environmental extrapolations
based on TG 203 data, data-based
extrapolation methods combined
with alternative methods may
provide at least the same level of
environmental protection. For further
details, see the text in Section 2.1

to 2.3. 1, increase; |, decrease;
CTD, chemical toxicity distribution;
EcoTTC, ecological threshold

of concern; ICE, interspecies
correlation estimation; SSD, species
sensitivity distribution. (Sources

of images: cell culture/computer

& pond-image composition free
from pixabay.com; fish-image for
mechanism free from OECD AOP
homepage; black fish drawings from
Stefan Scholz)

“MReplicates, positive
control, I concentration
range withd, 3Rs conflict

for { LCg, uncertainty

/" Standardization &
validation for {, LCs,
variability & uncertainty,
for 1 global comparability
of results

Data-based extrapolation
methods (ICE, SSD, CTD,
EcoTTC) combined with
alternative methods may
provide at least the same
level of environmental
protection

be reduced by using alternative methods in the context of IATAs.
For the presentation and discussion of these limitations and uncer-
tainties, a similar approach was taken as published earlier for reg-
ulatory developmental neurotoxicity (Paparella et al., 2020): For
a top-level overview, the main aspects of this discussion are illus-
trated in Figure 1 and further discussed in Section 2. Table 1 ex-
plains the terminology.

In Table S12, information about the limitations and uncertain-
ties of TG 203 is presented within an OECD standard tabular
format, which was originally developed to characterize alterna-
tive methods as individual information sources to be used within
IATAs (OECD, 2016). This tabular summary was applied to
carefully consider all potential limitations and uncertainties of
the use of TG 203 and to develop the figure and text for Section
2 in this manuscript. Table S12 may be further amended and re-
fined, as far as useful, in OECD VMG Eco. Applying the same
systematic characterization scheme for both the use of TG 203
and alternative methods may support regulatory decision-making
on the acceptability of the latter. The table could also be included
in alternative methods-based IATA guidance documents as was
the case for the standard in vivo study for the eye irritation/dam-
age IATA (OECD, 2018a).

24

2.1 Limitations of TG 203 versus alternatives in terms

of the 3Rs, testing-throughput and mechanistic
information

Several limitations of TG 203 are inherent to the principle of this
test and affect its practical regulatory applicability: This guide-
line is in direct conflict with the 3R goals (Russell and Burch,
1959), since it requires, for full concentration-response testing, at
least 42 vertebrates of juvenile stages (a number causing statisti-
cal uncertainties, see Section 2.2), and this does not take into ac-
count the need for a range-finding study. Moreover, according to
the TG, lethality shall be used as an endpoint, which further ag-
gravates the concern. Termination of acute toxicity testing when
moribundity is observed would result in improved animal wel-
fare (Rufli, 2012), which is legally mandatory in Europe® and is
currently applied in several countries. However, as explained be-
low (Section 2.2, Paragraph 4), replacing lethality with moribun-
dity as the endpoint was not agreed on globally at OECD level in
the last update of TG 203.

The assay can only be conducted in a low-throughput man-
ner. Rearing of fish is required to obtain the suitable juvenile size,
which may take several weeks, depending on the species. Test-
ing as such requires 96 hours, not including the additional time

ALTEX 38(1), 2021
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for planning, preparation, assessment, reporting and tracking of
culture health for approximately two weeks prior to testing. The
throughput is further limited by the large volumes and vessels re-
quired to conduct the test. Therefore, it appears principally diffi-
cult to provide data for the more than 100,000 chemicals in com-
merce for which toxicity data are currently lacking® (Tab. S12,
Section 16).

Moreover, the current endpoints in TG 203 provide little mech-
anistic information that could be useful for read-across and infer-
ring chronic toxicity or supporting interspecies/environmental
extrapolation modelling (cf. Section 2.3). Introducing moribun-
dity and, perhaps, additional mechanistic endpoints by default in-
to TG 203 would be theoretically feasible!?- However, the cur-
rent situation of limited quantity and quality of ecotoxicity data
should be improved, e.g., according to the European strategy for
a non-toxic environment!! and the US vision for toxicity testing
in the 215t century (NRC, 2007), and reaching this goal with tra-
ditional animal testing seems impossible.

In contrast, alternative approaches allow an increase in the
testing throughput by using small-scale assessments and possi-
bilities for automation. Alternative approaches would also allow
testing of environmental degradation and reaction products (e.g.,
from disinfectants with biological material) and mixtures. Even-
tually, new chemicals that may have reduced environmental risk
could be tested when available in laboratory-scale amounts only,
and this may also promote the development of “green chemistry”
(Maertens et al., 2014).

In summary, by providing more data for assessing many more
chemicals and mixtures, alternative approaches may contribute
to improved environmental safety without compromising global
3R goals (Tab. S12, Section 16.1).

2.2 Uncertainties in experimental variability relating
to the study design of TG 203 versus alternatives

The basic study design of TG 203 causes uncertainty. Given the
variability between individual fish and the use of a minimum of
7 fish per concentration from one cohort without tank replicates
may lead to broad confidence intervals in LCsq estimates derived
from concentration-response modelling, especially in the case
of flat concentration-response relationships or when the LCs is
off-center relative to the boundaries of the tested concentration
range (Tab. S12, Section 5.1; Carr et al., 2018). In addition, while
the absence of study-internal positive controls is important to pre-
vent further animal use, this causes uncertainty about potential in-
tra- and inter-laboratory variability (Tab. S12, Section 4.3).

In contrast, alternative experimental methods allow an im-
proved basic study design in terms of replicates, concentration
ranges, and inclusion of study-internal positive controls. This is
possible due to their small scale, potential for automation and 3Rs
benefits. This improvement can reduce the uncertainty of results.

Some uncertainties of TG 203 relate to its level of standard-
ization: For instance, TG 203 is flexible regarding the use of
the test species. Any one of 11 recommended test species may
be used, and guidance for selecting any of these is generic. Ac-
cording to TG 203, species selection should depend “on regula-
tory requirements (industrial chemical, pharmaceutical, biocide
or plant protection product, etc.) and on environmental exposure
scenarios (cold, temperate or warm water species, freshwater or
estuarine/marine fish)” (OECD, 2019b). The possible use of di-
verse fish strains adds to this uncertainty. Other variables in the
study design may also affect LCsg estimates, such as the test spe-
cies-related water conditions (temperature, salinity, water hard-
ness, pH). Also, the potentially variable age cohorts may affect
the toxicity estimates (small differences within the recommend-
ed length range translate by cubic function to larger ranges of
weight and developmental stage; cf. Tab. S12, Section 3 as well
as Tab. 6 in Belanger et al., 2013). This diversity of potential test
designs also means variability and uncertainty in variability of
biotransformation in the AFT; little is known about species dif-
ferences in this regard (cf. Tab. S12, Section 8; Braunbeck et al.,
2020; Schlenk et al., 2008).

Furthermore, LCsg estimates in regulatory practice may be im-
pacted by the inconsistent use of the endpoints lethality and mor-
ibundity (to conform with TG 203 and Directive 2010/63/EU, re-
spectively!?). On the one hand, the use of moribundity may re-
duce LCsg estimates on average by a factor of 2 (Rufli, 2012).
On the other hand, observations of moribundity are likely more
subjective than observations of mortality and may introduce ad-
ditional variability to the assay result. However, the variability
and uncertainty from the use of moribundity or lethality can be
estimated and reduced as soon as unambiguous criteria for mor-
ibundity have been agreed upon (Tab. S12, Sections 1.1 and 4.1;
Rufli, 2012). Thus, there is still uncertainty related to the use of
these endpoints, but in principle the difference between lethali-
ty and moribundity could be scientifically calibrated (Tab. S12,
Section 4.1).

An assessment of AFT LCsq values indicates a variability of up
to a maximum range of 6 logarithmic units for the same chem-
ical. However, this is based on historical data without applica-
tion of stringent data quality filters (Hrovat et al., 2009). Two

9 The estimate is based on the number of chemicals in the ECHA Classification and Labelling inventory, i.e., about 142,000 that should be on the European market.
About 22,000 chemicals are registered for REACH at volumes of more than 1 ton per year. Acute toxicity studies for daphnids and algae are required for these. Only
the about 7,000 substances registered above 10 tons per year require acute fish toxicity data. Slightly more than 60% of the data requirements were filled by experi-
mental studies and the rest with read-across, QSAR or WoE assessments (ECHA, 2017c). Moreover, the available data are of heterogeneous quality (Braunbeck et al.
2020), inter alia due to a more limited standardization of the earlier versions of TG 203 (1981, 1983, 1992).

10 As mentioned before, moribundity would also partly address the animal welfare concern. However, there is currently no agreement on the link between potential
clinical signs and related mechanisms leading to mortality. Therefore, the OECD VMG-Eco agreed to incite voluntary collection of clinical signs first and their relation
to lethality at a later stage. The use of moribundity would not improve the standardization or the throughput for testing and assessment. Moreover, it would require

the development of reference databases and validation, which would necessitate to continue animal testing. Considering the current validation stage and perspectives
for alternative methods, it may be more efficient to invest into alternative methods-based IATAs.

11 European Commission (2017). http:/ec.europa.eu/environment/chemicals/non-toxic/index_en.htm
12 According to Directive 2010/63/EU, Article 13: “Death as the end-point of a procedure shall be avoided as far as possible and replaced by early and humane

end-points”.
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older ring-trials indicate a maximum range of LCs inter-labora-
tory variability of one logarithmic unit if fish interspecies vari-
ability is excluded but variability from other aspects such as fish
size and exposure conditions (flow-through or static) is included.
The two assessments were based on one chemical each, in one or
two replicates and one or two fish species within 6 or 13 labora-
tories (Lemke, 1981; US EPA, 2001; Tab. S12, Section 10 also
includes CVs for comparison with other ecotoxicity tests). How-
ever, a more comprehensive and most recent analysis applying
stringent data quality filters indicated that about 8% and 0.5% of
181 chemicals showed differences in AFT LCsq data by factors of
> 10 or > 100, respectively, when interspecies variability was ex-
cluded. When the TG 203 inherent interspecies variability was in-
cluded, these percentages increased to about 15% and 10% of 53
chemicals (Braunbeck et al., 2020; Tab. S12, Section 10). Other
work including AFT data for the neurotoxic biocide malathion in-
dicates that AFT interspecies difference may be in the range of 4
orders of magnitude, depending on the chemical (Fig. 5 in Fisch-
er et al., 2019). For compounds that require bioactivation, differ-
ences in the LCsy of > 50-fold have been identified for different
fish species (Scholz et al., 2016). Overall, however, it is uncertain
how the combination of all the variables within the TG 203 study
design impact on the LCsq value (Tab. S12, Sections 9 and 10).

In principle, TG 203 could be standardized more stringently,
similarly to TG 236 and more recent in vitro methods. This might
reduce variability and uncertainty in LCsg values. However, at
the OECD level, more standardization of TG 203 was not intend-
ed during the recent update process.

As theoretically indicated in the TG, the current flexibility
could favor lethality estimates for a specific fish species and its
specific environment or accommodate regulatory preferences.
Moreover, the flexibility favors the practicability. Yet, increas-
ing standardization of TG 203 now would not resolve the cur-
rent heterogeneity of the historical database (Section 2.4.1) and
could trigger a huge increase in regulatory demands for retesting
with animals, which would conflict with 3R goals. It would also
not provide the desired significant increase in overall global en-
vironmental protection, since the throughput would remain lim-
ited and the uncertainty related to the intention for more specif-
ic environmental extrapolations is underestimated (Sections 2.3
and 2.4.2).

Nonetheless, compared to TG 203, the experimental proto-
cols of alternative methods already provide a higher level of stan-
dardization. This may reduce the variability of test results if the
OECD guidance on Good In Vitro Method Practice (GIVIMP) is
followed to develop a robust protocol (OECD, 2018b), like for
the RTgill-W1 test (Tab. S12, Sections 3.2, 10 and 10.2). More-
over, comprehensive validation studies are available for alterna-
tive methods with well-standardized test protocols. Therefore,
the uncertainty in the experimental variability estimates of test
results may be relatively low (Tab. S12, Section 9.2). Low vari-
ability and, especially, low uncertainty in variability are signifi-
cant advantages for environmental protection and global regula-
tion in terms of PNEC calculation, GHS classification or the iden-
tification of the toxicity criterion for PBT assessment. Alternative
methods may allow an increase in the global comparability of test
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results and thus reliably identify and globally regulate the — rela-
tive to all chemicals on the market — more toxic chemicals.

2.3 Uncertainties in environmental

extrapolation - TG 203 versus alternatives

A relevant improvement for TG 203 would be to use moribundi-
ty instead of lethality as the endpoint. Lethality can represent a
rather crude indicator for a chemical’s potential to cause a pop-
ulation decrease in real environments (which is the ultimate in-
tention of ecotoxicity testing). Moribundity might be an envi-
ronmentally more relevant and protective endpoint. This hy-
pothesis appears mechanistically plausible, since a weakened
fish is likely to impact on populations in complex environmental
situations, which include predators, competitors and/or other en-
vironmental stressors (Zhao et al., 2020; Knillmann et al., 2012;
Rufli, 2012). However, as explained above (Section 2.2, Para-
graph 4), this potential improvement has not been agreed global-
ly at OECD level yet.

TG 203 is used in an attempt to assess the acute toxicity of a
chemical to fish — based on the estimation of toxicity observed
in only one developmental stage (juvenile) of one test species.
LC/ECs data from different organisms (fish, invertebrates, al-
gae) are used in combination with pragmatic assessment factors
to account for the potential variability in the sensitivity of differ-
ent aquatic trophic levels (ECHA, 2008). Yet, the aquatic envi-
ronment contains hundreds of thousands of species (Mora et al.,
2011), various life-stages, and a vast array of abiotic and biotic
modifiers. Data-based knowledge is available demonstrating that
tests using a single species are “in a majority of cases, reliable
qualitative (some level of response seen) predictors of aquatic
ecosystem community effects” (de-Vlaming and Norberg-King,
1999). This latter US EPA review identified 57 studies (74%) that
support this conclusion, 16 studies (21%) where single species
testing underestimated aquatic ecosystem effects, and 4 studies
(5%) that were inconclusive. The review also explains that full
quantitative validation of single species tests through field stud-
ies is neither feasible nor meaningful given the huge environ-
mental variability. This also means that a single environmentally
“true” value does not exist, regardless of the assessment method
applied (see below and Tab. S12, Section 2.1). However, the stan-
dard assessment factor approach results in a PNEC with an un-
known level of environmental protection in terms of proportion
of species under risk and related uncertainty. For GHS classifica-
tion of chemicals, no assessment factors, but pragmatic cut-off
values for the LCsg or ECsq from fish, daphnids and/or algae are
used (if available), sometimes in combination with information
on biodegradability and bioconcentration. This represents a simi-
larly pragmatic approach (Tab. S12, Sections 6 and 7).

In summary, stand-alone LCs values from TG 203 provide
a rather uncertain basis for estimates of environmental toxicity
(Tab. S12, Section 2).

Endpoints tested within alternative methods are not intended
to be specific for any fish species, but rather a useful basis to es-
timate fish toxicity, at least for all current standard species in TG
203. Moreover, the endpoints may represent mechanistic indica-
tors of an increased probability of fish population level lethali-
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Tab. 2: Potential additional uncertainties from the use of alternative methods compared to similar uncertainties from
current TG 203-based environmental safety assessment

Challenge

Alternative methods used for environmental
safety assessment

In vivo AFT used for environmental safety
assessment

Novel chemical with
unknown/novel MOA

For completely new chemicals, which possess
currently unknown modes of action, the
relevance of the alternative method results may
be more uncertain than for known chemical
domains/MoAs.

This is because such chemicals may not have
been covered within the available environmental
data analyses used for the generation and/or
the performance assessment of alternative
methods and computational models.

It is uncertain how many of the MoAs most relevant for
environmental safety are covered with the AFT:

The chemical domain of applicability has not been
formally defined for the AFT.

It is unlikely that the AFT, which does not cover
effects on embryonic development, covers all possible
environmentally relevant MoAs.

Bearing in mind the hundreds of thousands of
species and specific life-stages present in the aquatic
environment (Mora et al., 2011), it is also uncertain
which MoAs may be relevant for acute aquatic
toxicity, but are not covered by testing usually only
one species for each of the three trophic levels (fish,
daphnids and algae).

Relevance to organism
and population-level effects
in the natural environment

Molecular/cellular level effects used as
mechanistic in vitro indicators for potential
toxicity may or may not be compensated

at organism and/or population level. Such
knowledge may remain limited due to the high
complexity of mechanisms and interactions at
organism, population and ecosystem level.

(FET represents a test with an intact organism,
thus uncertainty is limited to the extrapolation
from the laboratory test to the environmental
population and ecosystem level)

Sublethal effects and lethal effects at organism level
in the laboratory may translate to various responses
at population level in the different ecosystems,
depending on the specific fauna and flora present,
the specific food-webs, competitors and/or manifold
other environmental variables and potential stressors
(Zhao et al., 2020).

Acute toxicity effects in the laboratory are “just”
indicators for potential real-world environmental
effects; see also discussion above (de-Vlaming and
Norberg-King, 1999).

Biotransformation

In vitro biotransformation is limited to the
biotransformation capacity of the isolated
test system and may be dissimilar to in vivo
biotransformation.

Biotransformation in FET may differ from AFT.

Biotransformation may vary between species, life
stages, and in response to environmental factors.
Knowledge of this real-world environmental variability
is very limited (Tab. S12/Section 8).

Sensitivity across fish
species

In vitro methods currently do not provide
information on species-sensitivity differences.

Theoretically FET may be carried out with
different species. In vitro assays could also
be created using cell lines from different fish
species.

AFT can be conducted with a limited number of fish
species that can be easily reared and/or tested in
laboratory conditions.

Furthermore, typically only one fish species is tested
or required for regulation and hence, in regulatory
practice, no chemical-specific species sensitivity
comparison is conducted.

Such testing does not include the variability of fish
toxicity due to variable factors in the real-world
environment.

Moreover, fish may not be the most sensitive aquatic
species. Hence, chemical-specific data about fish
species variability may not significantly reduce
uncertainty for environmental protection (Tab. S12,
Sections 2.1. and 5 to 9).

Sensitivity across fish species may not be a very critical concern for environmental protection:

Since acute aquatic toxicity is a relatively data-rich field, we may not need more acute, fish species-specific
data to improve available ICEs, SSDs, CTDs, EcoTTC for an effective environmental protection.

Investigating relative sensitivities of further aquatic phyla for which there is less or no 3R conflict, like
invertebrates and plants, might more effectively increase the environmental protection level.
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ty relative to other chemicals (Section 1.2 and Tab. S12, Section
1.2). Their mechanistic information content may also support in-
ferring potential long-term impact as well as interspecies/envi-
ronmental extrapolation modelling (see next paragraph). Consid-
ering the environmental extrapolation uncertainties associated
with TG 203-derived PNECs and GHS classifications, alterna-
tive approaches may be expected to provide at least a similar-
ly (un)certain or even improved environmental protection level.
For example, differences between LCsq values derived from TG
203 and zebrafish embryo tests (e.g., OECD TG 236) have been
found to be in the range of the fish species variability accepted
within TG 203 (Lammer et al., 2009; Scholz et al., 2016).

Moreover, computational approaches are available for extrap-
olating experimental LCs¢ values to other environmental species.
Interspecies correlation estimates (ICE), species sensitivity dis-
tributions (SSDs), chemical toxicity distributions (CTDs), and
ecological threshold of concern (EcoTTCs) models (Bejarano et
al., 2017; Belanger et al., 2015; Connors et al., 2019) provide
estimates for a predicted species or trophic level effect without
the need for additional animal test data. It is noted that the data
used for model development stem from laboratory experiments
and can never inform on the almost endless real environmental
variability, but they allow best informed use of available knowl-
edge (Tab. S12, Section 6.2). However, the development of these
models and variability of model output might also be improved
by less variable data from alternative methods.

It may be argued that the use of alternative methods introduc-
es some additional and new uncertainties. Yet, these additional
uncertainties may not significantly increase the current uncer-
tainties for environmental safety assessment based on TG 203.
Moreover, they may not be conceptually different (see Tab. 2).

In summary, a combination of alternative methods would al-
low the assessment of a larger number of chemicals, thereby pro-
moting the identification and new development of chemicals
with lower environmental risk. The improved basic test design
and better standardization of alternative methods may also in-
crease our ability to compare the toxicity of chemicals. In com-
bination with environmental extrapolation models, data from al-
ternative methods may provide mechanistic indicators of toxicity
with at least the same level of environmental protection as cur-
rent approaches.

2.4 Are further data needed to characterize

the uncertainty of TG 203 data used in

environmental hazard and risk assessmeni?
Uncertainties in experimental variability

TG 203 has never been formally validated. LCs variability is un-
certain, both for identical study designs and for all the study de-
sign variants covered within TG 203 (Section 2.2). It is not known
how the variables within the TG 203 study design (selection of
fish species, water conditions, life-stage, sex) affect the LCs. If

&

we had a better understanding of how this variability in the test de-
sign can affect LCs values, we would be able to calibrate any spe-
cific data set. Several reliability estimates for AFT data have been
published, and these indicate a concern (Section 2.2, Tab. S12,
Section 10). In order to better describe assay variability, a broader
and more carefully curated AFT database could improve the quan-
titative assessment of variability (Braunbeck et al., 2020). How-
ever, such an extended retrospective assessment may be difficult
or not feasible because robust historical data are generally scarce,
i.e., about 15% of all available data (Braunbeck et al., 2020), and
not available for all chemical groups and physical-chemical prop-
erties. Moreover, information on the variability of biotransforma-
tion in different fish species and life stages is scarce (Schlenk et
al., 2008; Braunbeck et al., 2020). Therefore, it appears prudent
to use the available data and other information to inform potential
advances in regulatory science and decision-making for the accep-
tance of new, alternative approaches.

It should be considered at the regulatory science level wheth-
er it would be useful to develop a system using probabilistic
(instead of deterministic) assignment of chemicals to the acute
aquatic GHS category and the associated M-factors!3. Categori-
zation and M-factor attribution could be expressed in terms of a
probability that the LCsq value is higher or lower than the acute
category cut-off value of 1 mg/L and that the LCs value will be
within any of the 10-fold M-factor stratifications. In case the cur-
rent variability of the standard threshold approach-based LCsg or
ECso (OECD, 2010) appears to be very high, refinement of the
current GHS M-factor stratification might be considered. In view
of the limitations, variability and uncertainties stemming from
the use of TG 203 and the advantages of using alternatives, revi-
sion of the GHS classification criteria to explicitly include alter-
native approaches should be considered.

Uncertainties in environmental extrapolation

The need to use practically feasible approaches necessarily limits
any type of testing and assessment in terms of its predictive ca-
pacity for the highly variable and complex aquatic environment.
This, of course, also applies to the use of alternative approaches.
It might be helpful to consider that any science-informed regula-
tory assessment needs to rely on some type of extrapolation mod-
el (Tab. S12, Section 6) — and this need indicates a conceptual
similarity of animal tests and alternative tests.

Several tools, including ICE, SSD, CTD, and EcoTTCs mod-
els, can be used to describe, model, and account for the variability
across species (Tab. S12, Sections 6.1-6.2). On this basis, a single
experimental fish LCsg (or prediction thereof) can be recognized
as a very uncertain estimate for environmental aquatic toxicity.
Confidence intervals for more comprehensively informed envi-
ronmental toxicity estimates, such as the 5t percentile of SSDs,
may span 2 orders of magnitude (Bejarano et al., 2017; Awker-
man et al., 2014). Moreover, the SSD models do not include the

13 According to GHS and CLP regulation (EC No 1272/2008), LCs0 values higher than 1 mg/L do not lead to acute aquatic toxicity classification, whereas LCs0
values < 1mg/L lead to classification into category 1. No other acute categories are defined, but further LCsq stratification into orders of magnitude (1-0.1 mg/L,
0.1-0.001 mg/L, etc.) allows the attribution of M-factors to the classified chemicals, and this supports better mixture classification by accounting for toxicity further
to dilution of each constituent. Also, classification for chronic toxicity categories is possible based on acute fish LC50 data, depending on information for ready

biodegradability and log Kow/BCF (ECHA, 2017c).
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variability of fish toxicity due to the variability of environmental
factors. However, it is important to acknowledge variabilities and
uncertainties and review them with respect to the final regulatory
use of the data. It should be recognized that any hazard character-
ization with standardized methods essentially represents a hazard
comparison relative to other chemicals. Since in any case extrap-
olation uncertainties are huge, other aspects of scientific validi-
ty, such as biological/mechanistic relevance, low variability, and
low uncertainty in variability, should receive increased attention.
Alternative methods with reduced variability and uncertainty in
variability (relative to the current TG 203) would at least better
support the desired reliable hazard comparison between chemi-
cals in terms of PNECs, GHS classifications, and identification
of the toxicity criterion in the context of PBT assessment. It may
be considered that alternative approach-based LCsy estimates
could directly be used for environmental extrapolation model
development (such as ICE, SSD, CTD, EcoTTc). Computation-
al approaches for extrapolation to environmental relevance might
even be improved by the use of less variable data from alternative
methods. In summary, more knowledge to reduce the extrapola-
tion uncertainty from TG 203 to the environment may not nec-
essarily be needed for the immediate use and continued develop-
ment of alternative methods.

2.5 Considering complexity for decision-making
Scientific data selection and knowledge integration is a complex
task that may lead to a situation that different expert groups may
come to different, scientifically legitimate conclusions. For ex-
ample, PNECs derived by expert risk assessors on the basis of
current standards can vary by 3 orders of magnitude, with the
largest contributor being the heterogeneous judgment of study
quality (Hahn et al., 2014). This represents ambiguity as one
form of uncertainty, and it regularly appears within discussions
on the regulatory validation and official acceptance of new alter-
native approaches. Validation is usually built on available com-
plex data and information.

In situations of ambiguity, there may be a tendency to stick to
the traditional approach. Typically, the existing animal test-based
approaches for chemical hazard characterization are considered as
the “gold standard”. Given the experience and long-term use of
the test, there is a high perceived confidence in the relevance of
the result — albeit a robust validation of these tests is often lacking.
In contrast, for alternative approaches, detailed validation stud-
ies have often been conducted, and the intra- and inter-laboratory
variability is known, but perceived confidence is limited.

Imagine that an alternative approach represented the estab-
lished standard assay and the AFT represented the new approach
(Braunbeck et al., 2020): Are the available data for the AFT con-
vincingly superior to the alternative in terms of uncertainty, vari-
ability, and environmental extrapolation? Would the available
data be sufficient to replace the alternative method with the AFT?

In case of ambiguity, preference should be given to alternative
approaches that can provide significant gains in terms of the 3Rs,

testing and assessment throughput, costs, and improved reliabili-
ty. All these aspects are critically important to support testing and
comparing the toxicity of many more chemicals in order to re-
duce the overall toxicological burden in the environment.

3 Conclusions

The current estimation of acute fish toxicity based on TG 203
bears various scientific uncertainties and practical regulatory
limitations for achieving the final goal of protection of the en-
vironment from hazardous chemicals. The limitations relate to
conflicts with the 3Rs principles, low throughput, and lack of
mechanistic information. Uncertainties relate to experimental
variability stemming from the basic study design and the study
flexibility. Further uncertainties relate to the need for extrapola-
tion to the highly variable environment.

Considering the interest in significantly improving the lev-
el of environmental protection, it is desirable that more reliable
and comparable test data be generated and assessed for many
more chemicals on the market as well as new chemicals intended
to lower environmental risks. To achieve this aim, the future fo-
cus of regulatory toxicology needs to shift from individual WoE-
based substance assessment towards development and harmoni-
zation of IATAs. These should be built on highly standardized
alternative methods supported by computational approaches!®.
Such a strategy may be particularly important for lower-tier stud-
ies, which use relatively simple animal test guidelines with crude
endpoints such as acute fish toxicity.
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