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Summary 
• Aquatic toxicity testing assesses the adverse effects of chemicals and other 

environmental stressors on aquatic organisms. 

• It involves different media or environments (i.e., marine, freshwater), and a 
large number of species. 

• Common tests include acute and chronic exposures, often standardized by 
agencies and international bodies such as the US EPA or OECD. 

• There is interest and social pressure worldwide to develop alternative 
methods. 

• Here, we summarize the use of the Acute Fish Toxicity Test, which is often 
requested as part of the registration of new substances and has lethality as an 
endpoint. 

• We then explore the potential of alternate models that could provide hazard 
information and potentially replace that test. 
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Fish Acute Toxicitv Test 

INTRODUCTION 

1. OECD Guidelines for Testing of Chemicals are periodically reviewed to 
inco1porate scientific progress, changing regulatory needs, and animal welfare 
considerations. The revision of this Guideline (originally adopted in 1981, updated in 
1984, 1992), reflects also updates on a series of recommendations from the OECD Fish 
Toxicity Testing Framework 20 11 (OECD, 2012), and includes: 

• Alternative methods: in the interest of animal welfare and efficient use of 
resources, it is impo11ant to avoid/reduce the use of animals whenever possible 
and appropriate. Therefore, before canying out a fish acute toxicity test 
according to this guideline, it should be considered whether reliable infonnation 
on fish acute toxicity could be derived with alternative methods in a weight-of­
evidence approach, such as the use ofQSAR, read-across, fish embryos (OECD 
2013), fish cell lines and others. Alternative ly, the use of the tlu·eshold approach 
(OECD, 2010) or the limit test as described in § 30 of this guideline may be 
sufficient. Where test ing on fi sh is required ~ alternative methocls currently 
may not be sufficient for alljmisdictions ana testingueeas. Therefore· make sure 
the tests fulfil the regulatory~uirements).., alternative methods such as those 
isted above can be consiaerea for range fin0ing( 

• A specification that testing the minimum concentration causing l 00% and the 
maximum concentration causing 0% mortality are not mandatory requirements 
(e.g. no need to test additional concentrations just to demonstrate 0 and/or 100% 
mmtality). 

• guidance on the circumstances under which a water control is required when 
solvent is used (OECD, 2018). 

• the introduction of estuarine and marine fish species in tl1e recommended species 
list. 

• the enhanced recording of visible abnonnalities (also refened to as sublethal 
clinical signs) that fish may display during the exposure in order to improve our 

© OECD, (2019) 

Y 011 arc free 10 use this material subject to the tcnns and conditions available at http://www.occd.org/tcnnsamlconditions/. 

PRINCIPLE OF THE TEST 

3. The fish are ex2osed to the test chemical for a .R5:!iod of 96 hours under either 
static semi-static or flow-through conditions. Mortalities and visible abnormalities 
related to am,earance and 6eha,·iour are recorded. Where possible Ihe concentrations to 
kill 503/ciof the fish (1:C,o) are detennined. 

21 203 OECD/OCDE 
ability to predict chemical toxicity and minimise suffering of animals in the 
funu-e analogously to those described in Guidance Document No. 19 on the 
recognition, assessment, and use of clinical signs as humane endpoints for 
experimental animals used in safety evaluation for mammalian studies (OECD, 
2000). 

Definitions used in this Test Guide line are given in Annex 1. 
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OECD/OCDE 203 11, 

ANNEX2 

TABI .E t: RECOMMENDED FISH SPECIES, TOTAL LENGTHS AND TEST CONDITIONS 

Species& Temperature7 Salinity• pH Hardness Photoperiod Recommended 
f"Cl (%.) (mg/L CaCQ3) (hours light) lenath ranae~ fem\ 

Dania rerio 
Zebrafish 21-25 <0.2 6.0-8.5 40- 250, 12-16 1-2 

oreferablv <180 
Pimee,hales eromelas 
Fathead minnow 21-25 <0.2 6.0-8.5 40-250, 12-16 1-3 

oreferablv <180 
C'tB,rinus cam,io 
Carp 20-24 <0.2 6.0-8.5 40-250, 12-16 2-4 

oreferablv <180 
Oryzias fatipes 
Japanese Medaka 23-27 <0.2 6.0-8.5 40-250, 12-16 1-2 

oreferablv<180 
Poecifia reticulata 
Guppy 21-25 <0.2 6.0-8.5 40-250, 12-16 1-2 

oreferablv <180 
Lee_omis macrochirus 
Bluegill 21-25 <0.2. 6.0-8.5 40-250, 12-16 1-3 

oreferablv <180 

e II other species are used , the rationale for the selection of the species must be reixnted together with any adaptations to the test guideline's recommendations. It is suggested that 
!hespeciesisselectedonthebasisoftheirreadyavai!abil ity,easeofmaintenance.andhistoricaluseinsafetytesting 
7 Where culture temperature differs from the recommended range, the acclimatization period should be used to acclimatize the fish to the desired test temperature. 
8 For any given test this shall be performed to± 2%o, e.g. 17±2 =1 5-19%., 31±2 =29-33%. 
11 Test fish must be juveniles when used in this test (before reaching sexual maturity). Ir fish of sizes other than those recommended are used, this should be reported together 
wilhdevelopmentalstagetjuvenile, sub-adult, adultslage)andtherationale 

1• I 203 OECD/OCDE 
Onr;_orh~nchus m~kiss 
Rainbow trout 10-1410 <0.2 6.0-8.5 40-250, 12-16 3-6 

oreferablv <180 
Gasterosteus aculeatus 
Three-s ined stickleback 13-19 0-35 6.0-8.5 40-7500 12-16 1-2 
CY£rfnodon varfegatus 
Sheeoshead minnow 23-27 15-35 6.0-8.5 3000-7500 12-16 1-2 
Dicentrarchus fabrax 
Eurooean sea bass 18-22 15-35 6.0-8.5 3000-7500 12-16 4-8 
Pagrus major 
Red sea bream 18-22 30-35 6.0-8.5 5000-7500 12-16 2-4 
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20 I 203 OECD/OCDE 

TAHL.E 1: Clinical signs observed in fish, compiled from publications (CCAC, 20015; Rutli, 2012; 
Drummond et al , 1986 and Midtlyng et al, 2011) and TG203 score sheets provided by individual 
laboratories. Non-shaded rows arc the major· categories of visible abnormalit)' for which recording has 
been mandatory in TG203 since 1992. Shaded rows arc optional explanatory sub-categories. 

Clinica l sin Definition 
LOSS Of EQUILIBRIUM jsub-categories below) 

!Abnormal horizonta l or ientation 

!Ahnorm,ilverticalori entation 

tossofbalancedisplayingasabnorma l horizontal 

orientation'""stureinwatercolumn 
He.id-uporhead-downpost ure 

Lossofbuoyaneycontrol FloatingatsurfaceorsinkingtotheOOttom 

ABNORMAL SW!MMING BEHAVIOUR (sul).cate1or ies below) 

HVl)OOCtivity 

Hyperactivity 

orkscrewswimming 

onvulsions 

ITetanv 

!Abnormal surface 
distri bution behaviour 
!Abnormal bottom 
distribution behaviour 

Decre,ue inspontaneousactivity 

lncre.isei n spontaneousactivity 

Rotation around long axis; erratic movements, often in 
bursts 
Abnormallnvoluntaryanduncontrolledcontraclionof 
muscles 
Rigid body muscu la tu re (intermittent or permanent) 

Abnormal depthselec tion,close towa ter/airln terface 

Abnormaldepthselection,close toba seoftank 

jover-reactivetostimulus Fl ight(startle)oravoldanceresponseto:vlsual(hand 
1----------------,pass lngover topoftank,light be.im), tacti le(touch)or 

vibration(tank ra pped lightly)stimulus 

Loss of schooling/ shoal ing behaviour :~:~~!~:lnfi sh s how loss ofaggrega tlngand soci al 

Denseschool ing/shoalingbehaviour lncre.ise in clumpedusociationoffis h 

ABNORMAL VEN TILATORY (RESP IRATORY) FUNCTION (sul).catePories below) 

Hy perventi lation 

Hypoventilallon 

Irregu lar venti lation 

jcoughing 

fGu lping 

lncre.ised freq uency of opercular venti lator,, movements, 
withposs ible openmouthandeictendedoperculae 

Dec reasedfrequency of(an-Oposs iblyshallow)opercula r 
v"""l~Mrum 

Irregu lar opercu lar venti lator,, movements 

f a st reflexeicpansionofmouthan-Ooperculae notatwater 

surfac - as umed toclearvenll la torv cha nnel 
Mouth (and opercularl movements at water surface, 

Head shaking Rapid la teral headlYIOllements 

!ABNORMAL SKIN PIGMENTATIO N !s11b-categories below) 

Lightened 

OTHER VISIBLE {APPEARANCE & BEHAVIO URI ABNORMALITlES {sut>.cate ories below) 

S nonums 

K~ing, IOilr ighlingrefleic 

Torp id,apathy,l ethargy,weak,immobi li ty,inactivity,ceased 

Erra ticswimmi ng,skittering 

Roll ing, spiralling,spiralswimming,tumbling.circling 

Seitures, twitching, muscle spasms, shaking, s huddering, 

Para lysis 

Flashing.scraping.rubbing 

Jumping,s urfacing;on/at/near/justbelowsurface/tr;,p 

Diving.sound ing;Lyingon/orientation to/collectingat/near / 

Hypereiccitab ility;hyperacti vityafter stimulus/lhrea t 

Not respons ive to e,cterna l stimulation; inactivity after stimu lus/ 

lsola tlon, soclallsolation 

Crowding 

Rapid/s trong respi1atorv 1ate/func tion. HeaY'y gill movements, 
s trongventi lation, strong lyeictendedgi lls,abnorma l opercular 
activity, operculaespreadapa rt,mouthopei, 

Redll(ed/lab,oured/-k/slowrespiration/respiratory 

v"""I In 
Sporadic /spasmodic respiration /gill movement 

Gaspi ng,a bnorrml opercu la r activity,yawn 

Piping 

Changed/increased/dark(ened)colour /p igmentation/ 
melanisticmar ki n s 
Pal lor,pale/cha nged/weakpigmenta tion 

Discoloured patches 

E>:ophthalmia :;:~:~'...,~~ in orbital socket(sj res ulting in bulging of one Exop hthalmos,eicophthalmus, popeye, protruding eyeba ll 

Haemorrhage 

Faecal(anal)casts 

!AMresslon and/or canniballsm 

Petechias (pinhead sized spots) and/or haema toma (area of 

Excess mucus production 

S!ringoffaeceshangingfromanusorontankfloor 

Mucusbuild-up(pavclosea ttenliontoeyes);lncreased 
secretion mucusons kinorinwater · mucusloss 

Aggression,di rect attad:,dominat ionofchoicetank locations, 
l~•-L~• 'f'at '-A~•- ~•d,.adfi<h 
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Some examples of fish acute toxicity data requirements by sector
and global region 

Burden et al, ET&C 2020 
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Some examples of fish acute toxicity data requirements by
sector and global region 

Burden et al, ET&C 2020 
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Some examples of fish acute toxicity data requirements by sector
and global region 

Burden et al, ET&C 2020 
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Some examples of fish acute toxicity data requirements by sector
and global region 

Burden et al, ET&C 2020 
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Alternative Approaches: the 3R-Principle 

• REDUCE the number of animals used in testing 

• REFINE any procedures to minimize pain, suffering, and 
distress 

• REPLACE the use of animals whenever possible 
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Moving towards the 6R-principle 

Belanger et al, SETAC TIP 



   

   
 

  

Interagency Coordinating Committee on the Validation of Alternative Methods 

OECD test guideline vertebrate ecotoxicology studies
conducted across 15 contract research organizations from 2014 
through 2017 

Burden et al, ET&C 2020 
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Considerations for in vitro methods 

• Chemical sp ace c overage 

• Performance metrics: 

 Assay controls 

 Factors affecting assay results 

• Proprietary information 
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Chemical space coverage 

• The chemical space for fish acute toxicity testing is large (number of 
chemicals) and broad (variety of chemical properties), reflecting the 
wide range of regulatory (e.g., pesticides, pharmaceuticals, and 
industrial chemicals) and associated research needs for toxicity data on 
compounds that may reach aquatic environments. 

• NAM coverage will be limited by factors including but not limited to 
physiochemical properties and mode of action (MOA) of the chemical of 
interest and those used to develop an approach. 

• For regulatory or research acceptance, NAMs approaches must establish 
the range of their “fit for purpose” to be applied in lieu of or as a 
supplement to whole-fish acute toxicity studies.   
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Performance metrics 

• There are numerous factors to consider when evaluating the 
quality of results from a NAM for estimating the acute toxicity of a 
chemical to fish using in vitro laboratory methods 

• It is critical to test in-process control measurements (e.g., positive 
chemical control, dilution water control [or negative control 
without test chemicals]), solvent control, and, in the case of in 
vitro-NAMs, a no-cells control with only the assay reagents) to 
measure key sources of variability each time the assay is 
performed to ensure consistent performance 
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Performance metrics: 
Key control measurements in acute fish toxicity tests and NAMs 


		Guideline name

		Control

		Variation permitted 

		Citation



		RTgill-W1

		Difference in cytotoxicity between solvent and negative controls

		≤10%

		(ISO, 2019)



		Freshwater Alga and Cyanobacteria, Growth Inhibition Test

		Average specific growth rate in replicate control cultures

		≤ 7%

		(OECD, 2011a)



		Algal Toxicity Test

		Average specific growth rate in replicate control cultures

		< 15

		(U.S. EPA, 2012a)



		Daphnia Acute Immobilisation Test

		Immobilisation in dilution water and solvent controls

		≤10%

		(OECD, 2004a)



		Aquatic Invertebrate Acute Toxicity Test, Freshwater Daphnids

		Immobilisation in dilution water and solvent controls

		≤10%

		(U.S. EPA, 2016a)



		Fish Acute Toxicity Test

		Mortality of dilution water and solvent controls

		≤10%

		(OECD, 2019a)



		Freshwater and Saltwater Fish Acute Toxicity Test

		Mortality of dilution water and solvent controls

		≤10%

		(U.S. EPA, 2016a)



		Fish Embryo Acute Toxicity (FET) Test

		Mortality of dilution water and solvent controls

		≤10%

		(OECD, 2013a)



		Fish Embryo Acute Toxicity (FET) Test

		Positive control mortality

		>30%

		(OECD, 2013a)



		Fish Early Life Stage (FELS) Toxicity Test

		Hatching success of control groups

		>66-80%a

		(U.S. EPA, 2016b)



		Fish Early Life Stage (FELS) Toxicity Test

		Post-hatch success of control groups

		>60-80%a

		(U.S. EPA, 2016b)
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Guideline name  Control  Variation  permitted    Citation  


RTgill - W1  Difference in cytotoxicity  between solvent and negative  controls  = 10%  (ISO, 2 019)  


Freshwater Alga   and Cyanobacteria,  Growth Inhibition Test  Average specific growth rate  in replicate control cultures  =  7%  (OECD,  20 11a)  


Algal Toxicity Test  Average specific growth rate  in replicate control cultures  < 15  (U.S. EPA,  2012a)  


Daphnia   Acute Immobilisation Test  Immobilisation in dilution  water and solvent controls  = 10%  (OECD,  2004a)  


Aquatic Invertebrate Acute Toxicity  Test, Freshwater  Daphnids  Immobilisation in dilution  water and solvent controls  = 10%  (U.S. EPA,  2016a)  


Fish Acute Toxicity Test  Mortality of dilution water  and solvent contr ols  = 10%  (OECD,  2019a)  


Freshwater and Saltwater Fish Acute  Toxicity Test  Mortality of dilution water  and solvent controls  = 10%  (U.S. EPA,  2016a)  


Fish Embryo Acute Toxicity (FET) Test  Mortality of dilution water  and solvent controls  = 10%  (OECD,  2013a)  


Fish Embryo Acute Toxicity (FET) Test  Positive control mortality  >30%  (OECD,  2013a)  


Fish Early Life Stage (FELS) Toxicity Test  Hatching success of control  groups  >66 - 80% a  (U.S. EPA,  2016b)  


Fish Early Life Stage (FELS) Toxicity Test  Post - hatch success of control  groups  >60 - 80% a  (U.S. EPA,  2016b)  
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Proprietary information 

• A critical issue when trying to validate and accept in 
vitro and in silico methods for potential replacement of 
fish acute toxicity testing is the presence of proprietary 
information. 

• As many commercially available assays were originally 
intended for pharmaceutical candidate screening, most 
are at least partially proprietary. 

• This might interfere with standard validation 
approaches, and the development of specific testing 
guidelines. 
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Good news 
OECD recently released a formal 
guidance document for the use of 
a 24-well plate formatted RTGill 
viability assay as part of: 

• Predictor of acute fish toxicity 

• Range-finding and pre-screening 
before conducting the acute fish 
toxicity test or other fish-based 
testing 

• Part of a WoE for hazard 
assessment. 
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Potential strategies and suggestions 
• To expedite the development and use of NAMs, ICCVAM established a 

generalized framework for regulators and stakeholders that is used to 
enable development and establish confidence in the use of NAMs through 
coordinated efforts that address three strategic goals: 

 Connect end users with the developers of NAMs 

 Foster the use of efficient, flexible, and robust practices to establish confidence in 
new methods 

 Encourage the adoption and use of new methods and approaches by U.S. federal 
agencies and regulated industries 

• However, each federal Agency and program must evaluate NAM 
approaches in the context of its own regulatory needs to determine if it is 
fit for purpose and whether adequate environmental protection can be 
maintained using the new tools within their specific framework. 
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