C.49 Fish Embryo Acute Toxicity (FET) Test

INTRODUCTION

1.This test method (TM) is equivalent to OECD test guideline (TG) 236 (2013). It
describes a Fish Embryo Acute Toxicity (FET) testh the zebrafish@anio rerio).
This test is designed to determine acute toxicity of chemicals on embryonic stages of
fish. The FETtest is based on studies and validation activities performed on
zebrafish (1)(2)(3)(4)(5)(6)(7)(8)(9)(10)(11)(12)(13)(14yhe FETtest has been
successfully applied to a wide range of chemicals exhibiting diverse modes of action,
solubilities, volatilities, and hydrophobicities (reviewed in 15 and 16).

2.Definitions used in this test method are given in Appendix 1.

PRINCIPLE OF THE TEST

3.Newly fertilised zebrafish eggs are exposed to the test chemical for a period of 96 hrs.
Every 24hrs, up to four apical observations are recorded as indicators of lethality (6):
(i) coagulation of fertilised eggs, (ldck of somite formation,(iii) lack of
detachment of the tabud from the yolk sac, and (iVack of heartbeat. At the end of
the exposure period, acute toxicity is determined based on a positive outcome in any
of the four apical observations recorded, and thg lisCcalculated

INITIAL CONSIDERATIO NS

4.Useful information about substanespecific properties include the structural formula,

molecular weight, purity, stability in water and light, p&nd Ky, water solubility

and vapour pressure as well as results of a test for feadggradability (TM C.4

(17) or TM C.29 (18)). Solubility and vapour pressure can be used to calculate
Henry's law constant, which will indicate whether losses due to evaporation of the
test chemical may occur. A reliable analytical method for the dicatton of the
substance in the test solutions with known and reported accuracy and limit of
detection should be available.

5.1f the test method is used for the testing of a mixture, its composition should, as far as
possible, be characterised,g. by the chemical identity of its constituents, their
quantitative occurrence and their substaspecific properties (separagraph 4).
Before use of thaéest method for regulatory testing of a mixture, it should be
considered whether it will provide acceptablkesults for the intended regulatory
purpose.

539



6.Concerning substances that may be activated via metabolism, there is evidence that

zebrafish embryos do have biotransformation capacities (19)(20)(21)(22). However,
the metabolic capacity of embryonic fish is mbivays similar to that of juvenile or

adult fish. For instance, the protoxicant allyl alcohol (9) has been missed in the FET.
Therefore, if there are any indications that metabolites or other transformation
products of relevance may be more toxic than plagent compound, it is also
recommended to perforthe test with these metaboliteahsformation products and

to also use these results when concluding on the toxicity of the test chemical, or
alternatively perform another test which takes metabolismfunther account.

7For substances wi t3kDa,a venybulky malecuar struetare, gridt >
substances causing delayed hatch which might preclude or reduce tHeafobst
exposure, embryos are not expected to be sensitive because of limagdilaioility
of the substance, and other toxicity tests might be more appropriate.

VALIDITY OF THE TEST

8.For the test results to be valid, the following criteria apply:

a) The overal/l fertilisation 70%ine of all
the batchested.

b) The water temperature should be maintained at 26°C in test
chambers at any time during the test.

c) Overall survival of embryos in the negative (dilutiaater) control,
and, where relevant, i Nn90% lireil the ol vent CC
end ofthe 96 hrs exposure.

d) Exposure to the positive contra.§.4.0 mg/l 3,4dichloroaniline for
zebrafish) should result in a minimum mortality of 30% at the end of
the 96 hrs exposure.

e) Hatching rate in the negative control (and solventrobiftapproprate)
s h o ul 80% &t éhe end of Yrs exposure.

f) At the end of the 96 hrs exposure, the dissolved oxygen concentration
i n the negative control and highest te
of saturation.

DESCRIPTION OF THE M ETHOD

9.An overview of recommated maintenance and test conditions is available in
Appendix 2.

Apparatus
10.The following equipment is needed:
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a) Fish tanks made of chemically inert materialg( glass) and of a
suitable capacity in relation to the recommended loading (see
“Maint enamndad ef ioshbr paragraph 14);

b) Inverted microscope and/or binocular with a capacity of at lea&il@0
magnification. If the room used for recording observations cannot be
adjusted to 2& 1 °C, a temperatureontrolled cross movement stage
or other methods tmaintain temperature are necessary;

c) Test chamberse.g, standard 24vell plates with a depth of approx.
20mm. (see "Test chambers”, paragraph 11);

d) e.g, selfadhesive foil to cover the 24ell plates;

e) Incubator or akconditioned room with controlled ngerature,
allowing to maintain 2&1 °C in wells (or test chambers);

f)  pH-meter;
g) Oxygen meter;
h)  Equipment for determination of hardness of water and conductivity;

1)  Spawn trap: instrument trays of glass, stainless steel or other inert
materials; wire meskgrid size 2 0.5mm) of stainless steel or other
inert material to protect the eggs once laid; spawning substae (
plant imitates of inert material) (TM C.48, Appendix 4a (23));

)] Pipettes with widened openings to collect eggs;

k)  Glass vessels to pregadifferent test concentrations and dilution water
(beakers, graduated flasks, graduated cylinders and graduated pipettes)
or to collect zebrafish egge.f.beakers, crystallisation dishes);

) If alternative exposure systems, such as {flbmough (24) or pssive
dosing (25) are used for the conduct of the test, appropriate facilities
and equipment are needed.

Test chambers

11.Glass or polystyrene test chambers should be used2d-well plates with a 2.5
ml filling capacity per well). In case adsorptiongolystyrene is suspectdd.g, for
nonpolar, planar substances with highh#, inert materials (glass) should be used to
reduce losses due to adsorption (26). Test chambers should be randomly positioned in
the incubator.

Water and test conditions

12.Dilution of the maintenance water is recommended to achieve hardness levels typical
of a wide variety of surface water®ilution water should be prepared from
reconstituted water (27). The resulting degree of hesdrshould be equivalent to
100300 mg/l CaC@ in order to prevent excessive precipitation of calcium
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carbonate. Other wetiharacterised surface or well water may be used. The
reconstituted water may be adapted to maintenance water of low hardness by dilution
with deionised water up to a ratio 4f5 to a minimum hardness of &b mg/l
CaCQ. The water is aerated to oxygen saturation prior to addition of the test
chemical. Temperature should be kept af 26C, in the wells, throughout the test.
The pH should be in a range between pH 6.5 and 8.5npandary within this range

by more than 1.5 units during the course of the test. If the pH is not expected to
remain in this range, then pH adjustment should be done prior to initiating the test.
The pH adjustment should be made in such a way that thek stolution
concentration is not changed to any significant extent and that no chemical reaction
or precipitation of the test chemical is caused. Use of hydrogen chloride (HCI) and
sodium hydroxide (NaOH) to correct pH in the solutions containing theheshical

Is recommended.

Test solutions

13.Test solutions of the selected concentrations can be prepagedhy dilution of a
stock solution. The stock solutions should preferably be prepared by simply mixing
or agitating the test chemical in the dilutiomter by mechanical means.g. stirring
and/or ultrasonification). If the test chemical is difficult to dissolve in water,
procedures described in the OECD Guidance Document No. 23 for handling difficult
substances and mixtures should be followed (28 Tke of solvents should be
avoided, but may be required in some cases in order to produce a suitably
concentrated stock solution. Where a solvent is used to assist in stock solution
preparation, its final concentration should not exceed 100 pul/l andébeuhe same
in all test vessels. When a solvent is used, an additional solvent control is required.

Maintenance of brood fish

14.A breeding stock of unexposed, wilgpe zebrafish with weldocumented
fertilisation rate of eggs is used for egg productiomshFshould be free of
macroscopically discernible symptoms of infection and disease and should not have
undergone any pharmaceutical (acute or prophylactic) treatmentnionths before
spawning. Breeding fish are maintained in aquaria with a recommelodedhg
capacity of 1 water per fish and a fixed 216 hour photoperiod
(29)(30)(31)(32)(33). Optimal filtering rates should be adjusted; excess filtering rates
causing heavy perturbation of the water should be avoided. For feeding conditions,
seeAppendix 2. Surplus feeding should be avoided, and water quality and cleanness
of the aquaria should be monitored regularly and be reset to the initial state, if
necessary.

Proficiency Testing
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15.

As a reference chemical, 3dichloroaniline (used in the validatiostudies (1)(2)),
should be tested in a full concentratijesponse range to check the sensitivity of the
fish strain used, preferably twice a year. For any laboratory initially establishing this
assay, the reference chemical should be used. A laboredoryse this chemical to
demonstrate their technical competence in performing the assay prior to submitting
data for regulatory purposes.

Egg production

16.

17.

Zebrafish eggs may be produced via spawning groups (in individual spawning tanks)
or via mass spawningjn the maintenance tanks). In the case of spawning groups,
males and female (g, at a ratio of 2:1) in a breeding group are placed in spawning
tanks a few hours before the onset of darkness on the day prior to the test. Since
spawning groups of zebrafi may occasionally fail to spawn, the parallel use of at
least three spawning tanks is recommended. To avoid genetic bias, eggs are collected
from a minimum of three breeding groups, mixed and randomly selected.

For the collection of eggs, spawn traps g@laced into the spawning tanks or
maintenance tanks before the onset of darkness on the day prior to the test or before
the onset of light on the day of the test. To prevent predation of eggs by adult
zebrafish, the spawn traps are covered with inert miesh of apprpriate mesh size
(approx. 2 £0.5mm). If considered necessary, artificial plants made of inert material
(e.g, plastic or glass) can be fixed to the mesh as spawning stimulus
(3)(4)(5)(23)(35). Weathered plastic materials which do not leadl, phthalates)
should be usedVating, spawning and fertilisation take place within 3 mafter the

onset of light and the spawn traps with the collected eggs can be carefully removed.
Rinsing eggs with reconstituted water after collection from spayvrinaps is
recommended.

Egg differentiation

18.

At 26 C, fertilised eggs undergo the first cleavage after about 15 min and the
consecutive synchronous cleavages form 4, 8, 16 and 32 cell blastomers (see
Appendix 3)(35). At these stages, fertilised eggs carclbarly identified by the
development of a blastula.

PROCEDURE

Conditions of exposure

19.

Twenty embryos per concentration (one embryo per well) are exposed to the test
chemical.Exposure should be such th&Ge6 of the nominal chemical concentration

are maimained throughout the test. If this is not possible in a static system, a
manageable sensitatic renewal interval should be applieglg.renewal every 24
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hrs). In these cases exposure concentrations need to be verified as a minimum in the
highest and low& test concentrations at the beginning and the end of each exposure
interval (see paragraph 36). dh exposure concentration 02@% of the nominal
concentrations cannot be maintained, all concentrations need to be measured at the
beginning and the endf @ach exposure interval (see paragraph B@on renewal,

care should be taken that embryos remain covered by a small amount of old test
solutions to avoid drying. The test design can be adapted to meet the testing
requirements of specific substances.g(. flow-through (24) or passive dosing
systems (25) for easily degradable or highly adsorptive substances (29), or others for
volatile substances (36)(37)). In any case, care should be taken to minimise any stress
to the embryos. Test chambers shouldcbrditioned at least for 24 hrs with the test
solutions prior to test initiation. Test conditions are summariségppendix 2

Test concentrations

20.

21.

Normally, five concentrations of the test chemical spaced by a constant factor not
exceeding 2.2 areequired to meet statistical requirements. Justification should be
provided, if fewer than five concentrations are used. The highest concentration tested
should preferably result in 100% lethality, and the lowest concentration tested should
preferably giveno observable effect, as defined in paragraph 28. A réindang test
before the definitive test allows selection of the appropriate concentration range. The
rangefinding is typically performed using ten embryos per concentration. The
following instructons refer to performing the test in-2kll plates. If different test
chambers €.9. small Petri dishes) are used or more concentrations are tested,
instructions have to be adjusted accordingly.

Details and visual instructions failocationof concentrabns across 24vell plates
are available in paragra@y andAppendix 4 Figure 1.

Controls

22.

Dilution water controls are required both as negative control and as internal plate
controls. If more than 1 dead embryo is observed in the internal plate cdhgol,
plate is rejected, thus reducing the number of concentrations used to derivesghe LC

If an entire plate is rejected the ability to evaluate and discern observed effects may
become more difficult, especially if the rejected plate is the solvent ¢qiate or a

plate in which treated embryos are also affected. In the first case the test must be
repeated. In the second one the loss of an entire treatment group(s) due to internal
control mortality may limit the ability to evaluate effects and deterrhidg values.

23.A positive control at a fixed concentration of 4 mg/I-8jéhloroaniline is performed

with each egg batch used for testing.
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24.1n case a solvent is used, an additional group of 20 embryos is exposed to the solvent
on a separate 24ell plate, hus serving as a solvent control. To consider the test
acceptable, the solvent should be demonstrated to have no significant effects on time
to hatch, survival, nor produce any other adverse effects on the embryos (cf.
paragraph 8c).

Start of exposure andduration of test

25.The test is initiated as soon as possible after fertilisation of the eggs and terminated
after 96hrs of exposure. The embryos should be immersed in the test solutions before
cleavage of the blastodisc commences, or, at latest, by tlelliage. To start
exposure with minimum delay, at least twice the number of eggs needed per
treatment group are randomly selected and transferred into the respective
concentrations and controle.g.in 100 ml crystallisation dishes; eggs should be fully
covered) not later than 9@inutes post fertilisation.

26.Viable fertilised eggs should be separated from unfertilised eggs and be transferred to
24-well plates preconditioned for 24rs and refilled with 2nl/well freshly prepared
test solutions within 18 minutes post fertilisation. By means of stereomicroscopy
( pr ef e r-falbnagnifieatdo), fertilised eggs undergoing cleavage and showing
no obvious irregularities during cleavage.d. asymmetry, vesicle formation) or
injuries of the chorion are sadted. For egg collection and separation, see Appendix
3, Fig.1 and 3 and Appendix 4, Fig. 2.

Distribution of eggs over the 24well plates
27.Eggs are distributed to well plates in the following numbers (seeAgpendix 4
Fig. 1)
- 20 eggs on one platerfeach test concentration;
- 20 eggs as solvent control on one plate (if necessary);
- 20 eggs as positive control on one plate;

- 4 eggs in dilution water as internal plate control on each of the above
plates;

- 24 eggs in dilution water as negative control oa plate.

Observations

28.Apical observations performed oeach tested embryo include: coagulation of
embryos, lack of somite formation, naletachment of the tail, and lack of heartbeat
(Table 1). These observations are used for the determination of lethafity
positive outcome in one of these observations means that the zebrafish embryo is
dead. Additionally, hatching is recorded in treatment and control groups on a daily
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basis starting from 4Brs. Observations are recorded everyh#l until the end of
the test.

Table 1.Apical observations of acute tioky in zebrafish embryos 286 hrs post fertilisation.

Exposure times
24 hrs 48 hrs 72 hrs 96 hrs

Coagulated embryos + + + +
Lack of somite formation + + + +
Non-detachment of the ta| + + + +
Lack of heartbeat + + +

29.Coagulation of the embryocCoagulated embryos are milky white and appear dark
under the microscope (see Appendix 5, Fig. 1). The number of coagulated embryos is
determined after 24, 48, 72 and 96 hrs.

30.Lack of somite formationAt 26 +1°C, about 2Gomites have formed after Pds
(seeAppendix5, Figure2) in a normally developing zebrafish embryo. A normally
developed embryo shows spontaneous movements -t(sslde contractions).
Spontaneous movements indicate the formatiosoafites. The absence of somites is
recorded after 24, 48, 72 and 96 hrs. Normation of somites after 24 hrs might be
due to a general retardation of development. At latest after 48 hrs, the formation of
somites should be developed. If not, the embryescansidered dead.

31.Nondetachment of the tailn a normally developing zebrafish embryo, detachment
of the tail (seAppendix5, Figure 3) from the yolk is observed following posterior
elongation of the embryonic body. Absence of tail detachment isdedafter 24,
48, 72 and 96 hrs.

32.Lack of heartbeat:in a normally developing zebrafish embryo at 26°C, the
heartbeat is visible after 48s (seeAppendix 5 Figure 4). Particular care should be
taken when recording this endpoint, since irregular fiejrheartbeat shouldot be
recorded as lethal. Moreover, visible heartbeat without circulation in aorta
abdominalis is considered ndethal. To record this endpoint, embryos showing no
heartbeat should be observed under a minimum magnification of 8@t feast one
minute. Absence of heartbeat is recorded after 48, 72 ahds96

33.Hatching rates of all treatment and control groups should be recorded from 48 hrs
onwards and reported. Although hatching is not an endpoint used for the calculation
of the LG, hatching ensures exposure of the embryo without a potential barrier
function of the chorion, and as such may help data interpretation.
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34.Detailed descriptions of the normal (35) and examples of abnormal development of
zebrafish embryos are illustratadAppendixes 3 and.5

Analytical measurements

35.At the beginning and at the end of the test, pH, total hardness and conductivity in the
control(s) and in the highest test chemical concentration are measured. {stakemi
renewal systems the pH should measured prior to and after water renewal. The
dissolved oxygen concentration is measured at the end of the test in the negative
controls and highest test concentration with viable embryos, where it should be in
compliance with the test validity criteri@zge paragraph 7f). If there is concern that
the temperature varies across thew&ll plates, temperature is measured in three
randomly selected vessels. Temperature should be recorded preferably continuously
during the test or, as a minimum, daily.

36.In a gatic system, the concentration of the test chemical should be measured, as a
minimum, in the highest and lowest test concentrations, but preferably in all
treatments, at the beginning and end of the tastemistatic (renewal) tests where
the concentrigon of the test chemical is expected to remain withia0O% of the
nominal values, it is recommended that, as a minimum, the highest and lowest test
concentrations be analysed when freshly prepared and immediately prior to renewal.
For tests where the coentration of the test chemical is not expected to remain
within +20% of nominal, all test concentrations must be analysed when freshly
prepared and immediately prior to renewél. case of insufficient volume for
analysis, merging of test solutions, aeuof surrogate chambers being of the same
material and having the same volume to surface area ratios\asldlates, may be
useful. It is strongly recommended that results be based on measured concentrations.
When the concemdtions do not remain withi 80120% of the nominal
concentration, the effect concentrations should be expressed relative to the geometric
mean of the measured concentrations; see Chapter 5 in the OECD Guidance
Document on Aquatic Toxicity Testing of Difficult Substances and Mixdufar
more details (28).

LIMIT TEST

37.Using the procedures described in this test method, a limit test may be performed at
100 mg/l of test chemical or at its limit of solubility in the test medium (whichever is
the lower) in order to demonstrate that thes§. ¢S greater than this concentration.
The limit test should be performed using &@@ibryos in the treatment, the positive
control and—if necessary in the solvent control and Zmbryos in the negative
control. If the percentage of lethality at the cortcation tested exceeds the mortality
in the negative control (or solvent control) by 10%, a full study should be conducted.
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Any observed effects should be recorded. If mortality exceeds 10% in the negative
control (or solvent control), the test becomesaiidyand should be repeated.

DATA AND REPORTING

Treatment of results

38.In this test, the individual wells are considered independent replicates for statistical
analysis. The percentages of embryos for which at least one of the apical observations
is positiveat 48and/or 96hrs are plotted against test concentrations. For calculation
of the slopes of the curve, Evalues and the confidence limits (95%), appropriate
statistical methods should be applied (38) and the OECD Guidance Docoment
Current Approacés in the Statistical Analysis of Ecotoxicity Datdould be
consulted (39).

Test report

39.The test report should include the following information:

Test chemical:
Mono-constituent substance

physical appearance, water solubility, and additional relevargigighemical
properties;

chemical identification, such as IUPAC or CAS name, CAS number, SMILES or
InChl code, structural formula, purity, chemical identity of impurities as
appropriate and practically feasible, etc. (including the organic carbon cahtent,
appropriate).

Multi -constituent substance, @Bs and mixtures:

characterised as far as possible by chemical identity (see above), quantitative
occurrence and relevant physicochemical properties of the constituents.

Test organisms:

scientific name, strai source and method of collection of the fertilised eggs and
subsequent handling.

Test conditions:

test procedure used.f, semistatic renewal)
photoperiod;
test designd.g, number of test chambers, types of controls);

water quality characteristidga fish maintenancee(g.pH, hardness, temperature,
conductivity, dissolved oxygen);

dissolved oxygen concentration, pH, total hardness, temperature and conductivity
of the test solutions at the start and after 96 hrs;
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method of preparation of stodolutions and test solutions as well as frequency
of renewal;

justification for use of solvent and justification for choice of solvent, if other than
water;

the nominal test concentrations and the result of all analyses to determine the
concentration of th test chemical in the test vessels; the recovery efficiency of
the method and the limit of quantification (LoQ) should also be reported;

evidence that controls met the overall survival validity criteria;
fertilisation rate of the eggs;
hatching rate in #gatment and control groups.

Results:

maximum concentration causing no mortality within the duration of the test;
minimum concentration causing 100% mortality within the duration of the test;

cumulative mortality for each concentration at the recommendsdnadtion
times;

the LG values at 9firs (and optionally at 48 hrs) for mortality with 95%
confidence limits, if possible;

graph of the concentratiemortality curve at the end of the test;

mortality in the controls (negative controls, internal pladatols, as well as
positive control and any solvent control used);

data on the outcome of each of the four apical observations;

incidence and description of morphological and physiological abnormalities, if
any (see examples providedAppendix 5 Figure 2);

incidents in the course of the test which might have influenced the results;

statistical analysis and treatment of data (probit analysis, logistic regression
model and geometric mean for &4

slope and confidence limits of the regression of trengformed) concentration
response curve.

Any deviation from the test method and relevant explanations.

Discussion and interpretation of results.
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Appendix 1

DEFINITIONS
Apical endpoint: Causing effect at population level.
Blastula: A cellular formation around the animal pole that covers a certain part of the yolk.
Chemical: A substance or a mixture

Epiboly: is a massive proliferation of predominantlyidgymal cells in the gastrulation
phase of the embryo and their movement from the dorsal to the ventral side, by which
entodermal cell layers are internalised in an invagindiien process and the yolk is
incorporated into the embryo.

Flow-through test: A test with continued flow of test solutions through the test system
during the duration of exposure.

Internal Plate Control: Internal control consisting of 4 wells filled with dilution water per
24-well plate to identify potential contamination of the plates by the manufacturer or by the
researcher during the procedure, and any plate effect possibly influencing the outcome of
the test (e.g. temperature gradient).

IUPAC: International Union of Pure and Applied Chemistry
Maintenance water: Water in which the husbandry of the adult fish is performed.

Median Lethal Concentration (LCsp): The concentration of a test chemical that is
estimated to be lethal to 50% of the test organisms within the test duration.

Semistatic renewal test: A test with regular renewal of the test solutions after defined
periods €.g, every 24 hrs).

SMILES: Simplified Molecular Input Line Entry Specifi¢ah

Somite In the developing vertebrate embryo, somites are masses of mesoderm distributed
laterally to the neural tube, which will eventually develop dermis (dermatome), skeletal
muscle (myotome), and vertebrae (sclerotome).

Static test: A test in whichtest solutions remain unchanged throughout the duration of the
test.

Test chemical:Any substance or mixture tested using this test method

UVCB: Substances of unknown or variable composition, complex reaction products or
biological materials
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Appendix 2

MAINTENANCE, BREEDIN G AND TYPICAL CONDIT IONS FOR ZEBRAFISH
EMBRYO ACUTE TOXICIT Y TESTS

Zebrafish (Danio rerio)

Origin of species

India, Burma, Malakka, Sumatra

Sexual dimorphism

Females: protruding belly, when carrying eggs

Males: more slender, orange tint between blue longituc
stripes (particularly evident at the anal fin)

Feedingregime

Dry flake food (max. 3% fish weight per day)-36 times
daily; additionally brine shrimpArtemiaspec.)nauplii and /
or small daphnids of appropriate size obtained from
uncontaminated source. Feeding live food provides a sour
environmental enrichment and therefore live food shoulg
given wherever possible. To guarantee for optimal w
quality, excessdod and faeces should be removed app
one hour after feeding.

Approximate weight o] Female€.65°0.13 g
adult fish Males: 0.5°0.1 g
lllumination Fluorescent bulbs (wide spectrum); -P0 WE/nf/s, 540

1080lux, or 56100 ft-c (ambient laboratory levels); 415 hrs
photoperiod

Water temperature

26+1 °C

Water quality

0O, = 8% saturation, hardness:g.~30-300 mg/l CaC@ NOs
: <4 8 mg and NQ: N0H001 mg/l, residual chlorine <1
pg/l, total organic chlorine <2Bg/l, pH = 6.5 8.5

Further water quality

Maintenance of parental fish

Particulate matter <20 mg/l, total organic carbon <2 mg/I,

maintenance

criteria organophosphorus pesticides <50 ng/l, total organochl
pesticides plus polychlorinated biphenyls <50 ng/I
Tank size forn e.g.180 |, 1 fish/I

Water purification

Permanent (charcoal filtered)pther possibilities includ
combinations with senstatic renewal maintenance or flo
through system with continuous water renewal

Recommended male |
female ratio for breeding

2:1 (ormass spawning)

Spawning tanks

e.g. 4 | tanks equipped with steel grid bottom and p
dummy as spawning stimulant; external heating mats, or
spawning within the maintenance tanks

structure an

Egg

Stable chorioni(e. highly transpagnt nonsticky, diameter ~
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appearance

0.8-1.5mm)

Spawning rate

A single mature female spawns at least&D eggs per day
Depending on the strain, spawning rates may be conside
hi gher . The fertilisation
spawning fish, fertiliation rates of the eggs may be lower
the first few spawns.

Test type

Static, semsstatic renewal, flowthrough, 26+1°C, 24 hrs
conditioned test chambers.g. 24-well plates 2.5 ml per
cavity)
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Appendix 3

NORMAL ZEBRAFISH DEV ELOPMENT AT 26°C

s 0,75 N
ff E{N \&

1,25 h

Fig. 1: Selected stages of early zebrafish (Danio rerio) developmer®2— 1.75 hrs postertilisation (from
Kimmel et al, 1995 (35)). The time sequence of normal development may be taken to diagnose both
fertilisation and viability of eggs (see paragraph 26: Selection of fertilised eggs).

Fig. 2: Selectedstages of
late zebrafish (Danio rerio
development (de
chorionated embryo tc
optimise visibility): 22- 48
hrs after fertilisation (from
Kimmel et al., 1995(35)).
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Fig. 3: Normal development of zebrafish (Danio rerio) embryos(1) 0.75 hrs, Zell stage; (2) 1 hr,-gell
stage; (3) 1.2rs, 8cell stage; (4) 1.5 hrs, i¢ell stage; (5) 4.7 hrs, beginning epiboly; (6) 5.3 hrs, approx.
50 % epiboly (from Braunbeck & Lammer 2006 (40)).
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Appendix 4
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Fig. 2: Scheme of the zebrafish diryo acute toxicity test procedure (from left to righgroduction of eggs, collection of the eggs,-pxposure
immediately after fertilisation in glass vessels, selection of fertilised eggs with an inverted microscope or binocusttilauttbd of fetilised eggs
into 24well plates prepared with the respective test concentrations/controls, n = number of eggs required per test concentrakifr@®20), hpf
= hours postfertilisation.

N T A

e

'"ﬂull:'.‘:'.

5 pawning unit

as

56C



Appendix 5

ATLAS OF LETHAL ENDPOINTS FOR THE ZEBRAFISH EM BRYO ACUTE TOXICITY
TEST

The following apical endpoints indicate acute toxicity and, consequently, death of the
embryos:coagulation ofthe embryo, nowletachment of the tail, lack of somite formation
and lack of heartbeatThe following micrographs have been selected to illustrate these
endpoints.

Fig. 1: Coagulation of the embryo Under bright field illumination, coagulated zebrafismbryos show a
variety of intransparent inclusions.
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Fig. 2: Lack of somite formation: Although retarded in development by appro®.hrs, the 24 hrs old zebrafish
embryo in (a) showswel evel oped somites ( -), whereas the embr
somite formation ( -). Al t hough showing a pronounc
embryo in (c) shows distict f or mati on of somites ( -), whereas th

(

(d) does not show any sign of somite formation
pericardial oedem§) in the embryo shown in (d).
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Fig. 3: Non-detachment of the tailb u d

in | ateral view ( a:Notealso®hélackofs ol d
the eye bud (*).

Fig. 4: Lack of heartbeatis, by definition, difficult to illustrate in a micrograph. Lack of heartbeat is indicated
by nonconvulsion of the heart (double arrow). Immobility of blood cellseig.t h e

aorta abdomin
in insert) is not an indicator for lack of heartbeat. dNalso the lack of somite formation in this embryo (*,
homogenous rather than segmental appearance of muscular tiheeg)bservation time to record an

absence of heartbeat should be at least of one minute with a minimum magnification of 80x.
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C.50 Sedimentfree Myriophyllum spicatumtoxicity test

INTRODUCTION

1.This test method is equivalent to OECD test guideline 238 (20ilesigned to assess
the toxicity of chemicals tdyriophyllum spicatuma submersed aquatic dicotyledon, a
species of the water milfoils family. It is based on ABTM existingtest method(1)
modified as a sedimeifiitee test system (2) to estimate the intrinsic ecotoxicity of test
chemicas$ (independenof the distributionbehaviour of the testhemicalbetween water
and sediment). A test system without sediment has a low analytical complexity (only in
the water phasegndthe resultan be analysed in parallel and/or comparison with those
obtained inLemna sptest (3) in additionthe requiredsterile conditionsallow to keep
the effects of microrganismsand algae(chemical uptake/ degradation, etc.) as low as
possible This test does not replace other aquatic toxicity tests; it should rather
complement them so that a rrocomplete aquatic plant hazarddamsk assessment is
possible Thetestmethod has been validated by a riegt(4).

2.Details of testing with renewal (sersiatic) and without renewal (static) of the test
solution are described. Depending on thigjectves of the test and the regulatory
requirements, the use of sestatic method is recommendezlg for substances that are
rapidly lost from solution as a result of volatilisatjoadsorption, phottegradation,
hydrolysis, precipitation or biodegradatioRurther guidance is given in (5)his test
method applies to substances, for which the test method has been validated, (see details in
the ringtest report (4)) or to formulations, or known mixtures; if a mixture is tested, its
constituents should be dar as posdile identified and quantifiedThe sedimenfree
Myriophyllum spicatum test method complements the wasediment Myriophyllum
spicatumToxicity Test (6).Before use of the test method for the testing of a mixture
intended for a regulatory puspe, it should be considered whether, and if so why, it may
provide adequate results for that purpose. Such considerations are not needed, when there
is a regulatory requiremefur testing of the mixture.

PRINCIPLE OF THE TEST

3.Continuously growing plant cultures ofMyriophyllum spicatum(only in modfied
Andrews' medium, see Append?) are allowed to grow as monocultures in different
concentrations of the testhemicalover a period of 14 days in a sedimémte test
system. The objective of the test is to quanthemicalrelated effects on vegetative
growth over this period based on assessmenggletted measurement variabl&€sowth
of shoot length, of latral branches and roots as well as development of fresh and dry
weight and increase of whorls are the measurement variables. In addition, account is
taken of distinctive qualitative changes in test organisms, such as disfigurement or
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chlorosis and necrosiadicated by yellowing or white and brown catong. To quantify
chemicalrelated effects, growth in the test solutions is compared with that of the controls
and the concentratn bringing about a specified® inhibition of growthis determined

and expresed as the EG "x" can be any value depending on the regulatory
requirements, e.d=Cio, EGyo, EGso. It should be noted that estimates of ,g@nd EGg
values are only reliable and appropriate in tests where coefficients of variation in control
plants fdl below the effect level being estimated, i.e. coefficients of variation should be
<20% for robust estimation of an &C

4.Both average specific growth rate (estimated from assessments of main shoot length and
three additional measurement variables) giedd (estimated from the increase in main
shoot length and three additional measurement variables) of untreated and treated plants
should bedetermined Specific growth ratgr) and yield (y) are subsequently used to
determine the [ (e.9.E/Cio, ECy, ECsg) and ECy (e.9.EyCio, ECoo E/Coso),
respectively.

5.In addition, the lowest observed effect concentration (LOEC) and the no observed effect
concentration (NOEC) may be statistically determined.

INFORMATION ON THE T EST CHEMICAL

6.An analytical method, with adequate sensitivity for quantification of thectesmicalin
the test medium, should be availabllnformation on the test chemical which may be
useful in establishing the test conditions includes the structural formulay mumrd
impurities, water solubility, stability in water and liglatcid dissociation constanpiy),
partition coefficient octanelater K,.), vapour pressure and biodadability. Water
solubility and vapour pressure can be used to calculate Henry sdrestaat, which will
indicate if significant losses of the test chemicalinigirthe test period are likelyhis
will help indicate whether particular steps to consoth losses should be tak&Mhere
information on the solubility and stability of the teshemical are uncertain, it is
recommended that these be assessed under the conditions of the. ggstywth medium,
temperature, lighting regime to be used in the test.

7.The pH control of the test medium is particularly importang.when testingmetals or
substances whircare hydrolytically unstablé-urther guidance for testimdhemicas with
physicatchemical properties that make them difficult to test is provide@d I@ECD
Guidance Documer(b).

VALIDITY OF THE TEST

8.For the test to be valid, ¢hdoubling time of main shoot length imet control must be less
than l1l4days. Using the media and test conditions described intésismethod this
criterion can be attained using a static or setatic test regime.
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9.The mean coefficient of variation rfyield based on measurente of shoot fresh weight
(i.e.from test initiation to test terminatio@nd the additionaineasurement variablésee
paragrapl87)in the control culturego not exceed 35% between replicates.

10.More than 506 of the replicates afhe control groupare keptsterile over the exposure
period of 14days, which means visibly fred contamination by other organisms such as
algae, fungi and bacteria (clear solutioNpte Guidance on how to assess sterility is
provided in the ringestreport (4).

REFERENCE CHEMICAL

11.Reference chemical(s), sueb 3,5dichlorophenol used in the ring teg),(may be tested
as a mean of checking the test procedfran the ring test data, the meang@alues of
3,5DCP for the different responsariabkes (see paragraphs-31 of this test method
are between 3.2 migand 6.9mg/l (see ring test report for detaiEbout confidence
interval for these values)t is advisableto test a referencehemicalat least twice a year
or, where testing is carried out at a lower frequency, in parallel to the determination of
the toxicity of a testhemical

DESCRIPTION OF THE M ETHOD

Apparatus

12.All equipment in contact with the test media should be made of glagthe@r chemically
inert material. Glassware used for culturing and testing purposes should be cleaned of
chemical contaminants that might leach into the test medium and should be Stezile.
test vessels should be long enough for the shoot in the comtsskls to grow in the
water phase without reaching the surface of the test medium at the end of tfbitést.
walled borosilicate glass test tubes without lip, inner diameter appad&ly 20mm,
length approximately 256m, with aluminium caps are recomended.

13.Since the modified Andrews' medium contains sucrose (which stimulates the growth of
fungi and bacteria)the test solutionshave tobe prepared under sterile conditiorsl
liquids as well as equipmerare sterilised before use. Stehtion is carried out via
heaed air treatment (210C) for 4hours or autoclaving for 2@inutes at 122C. In
addition, all flasks, dishes, bowls etc. and other equipment undergo flame treatraent at
sterile workbench just prior to use.

14.The cultures and test vesseshould not be kept togethérhis is best achieved using
separate environmental growth chambers, incubators, or rooms. lllumination and
temperatureshouldbe controllable and maintained at a constant level

Test organism
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15.Myriophyllum spicatum- a submesed aquatic dicotyledon is a species of the water
milfoils family. Between June and August, inconspicuous pufite flowers protrude
above the water surfac&he plants are rooted in the ground by a system of robust
rhizomes and can be found in the emthorthern hemisphere in eutrophic, however-non
polluted and more calciferous still waters with muddy substiigiophyllum spicatum
prefers fresh water, but is found in brackish water as well.

16.For the sedimenfree toxicity test, sterile plants are tecpd. If the testing laboratory
does not have regular cultures Miriophyllum spicatumderile plant material may be
obtained from another laboratory (unsterile) plant material might be takénom the
field or provided by a commercial supplier; if plants come from the field a taxonomic
verification of the species should be envisagédollected from the fielcor provided by
a commercial suppliemplants should be steséd (1) and maintained in culture the
same medium as used for testing for a minimum of eight weeks prior té-iese sites
used for collecting starting culturésve tobe free of obvious sources of contamination.
Great care should be taken to ensure that the correct species is obta@redollecting
Myriophyllum spicatundrom the field, especially in regions where it can hybridise with
otherMyriophyllumspecies|If obtained from another laboratory they should be similarly
maintained for a minimum of three weeK$he source of plant aterial and the species
used for testing should always be reported.

17.The quality and uniformity of the plants used for the test will have a significant influence
on the outcome of the test and should therefore be selected withYcaneg, rapidly
growing dants without visible lesions or discoloration (chlorosis) should be. Dethils
about preparation of the test organism are given in Appehdix

Cultivation

18.To reduce the frequency of culture maintenarneg (vhen noMyriophyllum tests are
planned fora period), cultures can be held under reduced illumination and temperature
(50 nE m?s?, 20° 2 C). Details of culturing are given iAppendix3.

19.At least 14 to 21 days before testing, sufficient test organisms are transferred aseptically
into fresh stale medium and cultured for 14 to 2iays under the conditions of the test as
a pre cultureDetails for preparation of a pre culture are giveAppendix4.

Test medium

20.0nly one nutrient medium is recommended kdyriophyllum spicatumn a sediment
free test system, as describedAppendix2. A modification of the Andrews' medium is
recommended for culturing and testing wiityriophyllum spicatunas described in (1).
From five separately prepared nutrient stock solutmite addition of 3% sucrose the
modified Andrews' mediumvill be arrangedDetails about preparation of a pealture
are given in AppendiZ.



21.A tenfold concentrated, modified Andrews' mediusnneededfor obtaining the test
solutions (by dilution as appropriate) The composition 6 this medium is given in
Appendix2.

Test solutions

22.Test solutions are usually prepared by dilution of a stock solufitotk solutions of the
test chemical are normally prepared by dissolving tlehemical in demineralised
(i.e. distilled ordeionised)water.The addition of the nutrients will be achieved by using
the tenfold concentrated, modified Andrews' medium.

23.The stock solutions of the teshemicalcan besterilised by autoclaveat 121°C for
20 minutes or by sterile filtrationprovided that the sterilisation technique used does not
denaturise the test chemicalest solutions can also be prepared in sterile demineralised
water or medium, under sterile conditions. The thestability and the adsorption on
different surfaces should theken into accounin the selection of the steshtion
procedure of the stock solutions of the tels¢mical.Because of that, it is recommended
that the stock solutions be prepared under sterile condiii@nssing sterile material for
dissolving tle test chemical under sterile conditioesg(flame sterilisation, laminatiow
hoods, etc.) into sterile watefhis technique of preparation of sterile stock solutions is
valid for both substances and mixtures.

24.The highest tested concentration of thet tehemical should normally not exceeits
water solubility under the test conditiorfsor testchemica$ of low water solubility it
may be necessary to prepare a concentrated stock solution or dispersiomcludrhieal
using an organic solvent or dispersant in order to facilitate the addition of accurate
quantities of the testhemicalto the test medium and aid in its dispersion and dissolution.
Every effort should be made to avoid the use of such matefiakte shold be no
phytotoxicity resulting from the use of auxiliary solvents or dispersdfas.example,
commonly used solvents which do not cause phytottyxiat concentrations up to
100ul/l, include acetone and dimethylformamidea solvent or dispersant issed, its
final concentration should be reported and kept to a minimarhOQul/l), and all
treatments and controls shouldntain thesame concentration of solvent or dispersant.
Further guidance on the use of dispersants is given in (5).

Test andcontrol groups

25.Prior knowledge of the toxicity of the teshemicalto Myriophyllum spicaturmfrom a
rangefinding test will help in selecting suitable test concentratidnsthe definitive
toxicity test, there should normally Heve (like in the Lemnagrowth inhibition test,
Chapter C.26 of this Annex) to sevest concentrations arranged in a geometric series
they should be chosen in order that the NOEC ang, E&lues are bracketed by the
concentration range (see belowpPreferably the separation fact between test
concentrations should not exceed 3.2; however a larger value may be used where the
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concentratiorresponse curve is fladustification should be providedhen fewer than
five concentrations are usedit least five replicates should be used each test
concentration.

26.In setting the range of test concentrations (for raingd#ing and/or for the definitive
toxicity test), the following should be considered:

To determine an EC test concentrations should bracket the, B@lue to ensure an
appropriate level of confidencéor example, if estimating the k& the highest test
concentration should be greater than thgB@lue. If the EG value lies outside of the
range of test concentrations, associated confidence atsewill be large and a proper
assessment of the statistical fit of the model may not be possible.

If the aim is to estimate the LOEC/NOEC, the lowest test concentration should be low
enough so that growth is not significantly less than that of the domtr@addition, the
highest test concentration should be high enough so that growth is significantly lower than
that in the controllf this is not the case, the test will have to be repeated using a different
concentration range (unless the highest cotmagaon is at the limit of solubility or the
maximum required limit concentratioa,g 100mgf).

27.Every test should include controls consisting of the same nutrient metdishgrganism
(chocsing plant material as homogeneous as possible, fresh latarathles fom pre
cultures, shortened to 2¢dn from basg environmental conditions and procedures as the
test vessels but without the testemical If an auxiliary solvent or dispersant is used, an
additional control treatment with the solvent/dispergaesent at the same concentration
as that in the vessels with the teeemicalshould be includedThe number of replicate
control vessels (and solvent vessels, if applicable) should be atdrast

28.1f determination of NOEC is not required, the testigesnay be altered to increase the
number of concentrations and reduce the number of replicates per concentration.
However,in any casehe number of control replicatstouldbe at least ten.

Exposure

29.Fresh lateral branches from pralture shorteed to 2.5 cm from baseare assigned
randomly to the test vessels under aseptic conditieath test vessel should contain one
2.5cm lateral branchhat should have an apical meristem on one &hé chogn plant
material should be the same quality in each\essel.

30.A randomsed design for location of the test vessels in the incubator is required to
minimisethe influence of spatial differences in light intensity or temperatirelocked
design or random repositioning of the vessels (or repositioning more frequently) when
observations are made is also required.

31.1f a preliminary stability test shows that the tedtemical concentration cannot be
maintained i¢te. the measwed conentration falls below 8% of the measured initial
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concentration) over the test duration dalys), a semstatic test regime is recommended.

In this case, the plants should be exposed to freshly prepared test and control solutions on
at least one occasioduring the testd.g day7). The frequency of exposure to fresh
medium will depend on the stability of the tedtemicaj a higher frequency may be
needed to maintain neaonstant concentrations of highly unstable or volatilemicals

32.The exposure scano through a foliar application (spray) is not covered in this test
method.

Test conditions

33.Warm and/or cool white fluorescent lighting should be used to provideitigliancein
the range of about of 10060 nE m?s* when measured as a photosytitely active
radiation (408700 nm) at points the same distance from the light source as the bottom of
the test vessels (equivalent 6800 to 9000ux) and using a lightlark cycle of 16:8 h.
The method of light detection and measurement, in partichkartype of sensor, will
affect the measured value. Spherical sensors (which respond to light from all angles
above and belowhe plane of measurement) and "cosisefisors (which respond to light
from all angles above the plane of measurement) are pedfér unidirectional sensors,
and will give higher readings for a mufibint light source of the type described here.

34.The temperature in the test vessels should be 23C. Additional care is nheeded on pH
drift in special cases such as when testingable chemicalsor metals the pH should
remain in a range of-8. Seg5) for further guidance.

Duration
35.The test is terminated Mdhys after the plants are transferred into the test vessels.

Measurements and analytical determinations

36.At the start of thetest, the main shoot length of test organissn 2.5cm (see
paragrapl?9); it is measured with a ruler (see Appendlpor by photography and image
analysis The main shoot length of test organism appearing normal or abnormal toeed
be determined at thbeginning of the test, at least once during iHeday exposure
period and at test terminatioNote: As an alternative for those who do not have image
analysis, if the workbench is sterilised prior to addition of plants to test vessels, a sterile
ruler can also be used to measure the length of the main shoot at test initiation and during
the test.Changes in plant developmemt,g in deformation in the shoots, appearance,
indication of necrosis, chlorosis, break or loss of buoyancy and in root lengihd
appearance, should be not&ignificant features of the test mediune.§ presence of
undissolved material, growth of algae, fungi and bacteria in the test vessel) should also be
noted.
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37.In addition to determinations of main shoot length during s, teffects of the test
chemical on three (or more) of the following measurement variabEsould bealso
assessed:

I.  Totallateral brancheength
ii.  Totalshootlength
iii.  Total root length
iv.  Fresh weight
v. Dry weight
vi.  Number of whorls

Note I The observations madeéuring the rangdinding test could help in selecting
relevant additional measurements among the six variables listed above.

Note 2 The determination of the fresh and dry weights (parameters iv and v) is highly
desirable.

Note 3 Due to the fact that swose and light (exposure of roots to light during the test)
may have an influence on auxin (plant growth hormone) transport carriers, and that some
chemicals may have an auxiype mode of action, the inclusion of root endpoints
(parameterii) is questianable.

Note 4 The ring test results show high coefficients of variatio®@$0) for the total lateral
branch length (parametgr Total lateral branch length is in any case encompassed within
the total shoot length measurement (paramgtewhich shows more acceptable
coefficients of variation of 80%.

Note 5 Resulting from the above considerations, the recommended main measurement
endpoints are: total shoot length, fresh weight and dry weight (parameters ii, W;and
parameteri —number of whorls-i s | eft to the experi menter’

38.Main shoot length and number of whorlsveaan advantage, in that they can be
determined for each test and control vessel at the start, during, and at the end of the test
by photography and image analysasthougha (sterile) ruler can also be used

39.Total lateral branches length, total root length (as a sum of all lateral branches or roots)
and total shoot length (as a sum of main shoot length and total lateral branches length)
can be measured with a ruler at timel ®f exposure.

40.The fresh and/or dry weight should be determined at the start of the test from a sample of
the pre-culture representative of what is used to begin the test, and at the end of the test
with the plant material from each test and control lesse

41.Total lateral branches length, total shoot length, total reagth, fresh weight, dry
weight andhnumber of whorlsnay bedetermined as follows:
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V.

Vi.

Total lateral branches lengthhe lateral branch length may be determined by
measuring all laterddranches with a ruler at the end of expostire total lateral
branches length is the sum of all lateral branches of each test and control vessel.

Total shoot lengthThe main shoot lengtmay be determined by image analysis or
using a rulerThe total sbot length is the sum of the total lateral branches length and
the main shoot length of each test and control vessel at the end of exposure.

Total root lengthThe root length may be determined by measuring all roots with a
ruler at the end of exposurghe total root length is the sum of all roots of each test
and control vessel.

Fresh weightThe fresh weight may be determined by weighing the test organisms at
the end of exposurdll plant material of each test and control vessel will be rinsed

with distlled water, dabbed dry with cellulose pap&iter this preparation the fresh

weight will be determined by weighinghe starting biomasgrésh weight)s

determined on the basis of a sample of test organisms taken from the same batch used
to inoculate lhe test vessels.

Dry weight After the preparations for the determination of the fresh weight the test
organisms will be dried at 6T to a constant weighthis mass is the dry weight.
The starting biomassl y weight)is determined on the basis ofample of test
organisms taken from the same batch used to inoculate the test vessels.

Number of whorlsAll whorls will be counted out along the main shoot.

Frequency of measurement and analytical determinations

42.1f a static test design is used, the pH ezch treatment should be measured at the
beginning and at the end of the tdfta semistatic test design is used, the pH should be
measured in each batch of 'fresbst solution prior to each renewal and also in the
corresponding 'spergolutions.

43.Light intensity should be measured in the growth chamber, incubator or room atipoints
the same distance from the light sourcdram the test organism#4easurements should
be made at least once during the tdste temperature of the medium insarrogate
vessel held under the same conditions in the growth chamber, incubator or room should
be recorded at least daily (or continuously with a data logger).

44.During the test, the concentrations of the wwmical(s)are determined at appropriate
intervals. In static tests, the minimum requirement is to determine the concentrations at
the beginning and at the end of the test.

45.In semistatic tests where the concentrasai the testchemical(s)are not expected to
remain within® 20% of the nominal corentration, it is necessary to analyse all freshly
prepared test solutions and the same solutions at each reitwadyver, for those tests
where the measured initial concentraiaf thetestchemica(s) arenot within ® 20% of
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nominal but where sufficignevidence can be provided to show that the initial
concentrations are repeatable and stabé Within the range 86-120% of the initial
concentration), chemical determinations may be carried out on only the highest and
lowest test concentrationsn al cases, determination of test concentrations prior to
renewal need only be performed on one replicate vessel at each test concentration (or the
contents of the vessels pooled by replicate).

46.If there is evidence that thtest concentration has been sagistorily maintained within
° 20% of the nominal or measured initial concentration throughout the test, analysis of
the results can be based on nominal or measured initial vdlube. deviation from the
nominal or measured initial concentration is nothivi ° 20 %, analysis of the results
should be based on the geometric mean concentration during exposure or models
describing the decline of the concentration of the¢hstmical(5).

Limit test

47.Undersome circumstances, e.g. when a preliminary test atelicthat the test chemical
has no toxic effects at concentrations up to @ or up to its limit of solubility in the
test medium or in case of a formulation up to its limit of dispersibility, a limit test
involving a comparison of responses in a cohggroup and one treatment group (100
mg/ or aconcentration equal to the limit of solubility), may be undertaken. It is strongly
recommended that thiss supported by analysis of the exposure concentratidh.
previously described test conditions andidity criteria apply to a limit test, with the
exception that the number of treatment replicates should be doubtedth in the
control and treatment group may be analysed using a statistical test to compare means,
e.g a Student's-test

DATA AND REPORTING

Response variables

48.The purpose of the test is to determine the effecta telst chemicalon the vegetative
growth of Myriophyllum spicatumThis test methodescribes two response variables

a) Average specific growth rat@&his response variable is calculated on the basis of changes
in the logarithms of main shoot length, and in addition, on the basis of changes in the
logarithms ofothermeasurement parametere. total shoot length, fresh weight, dry
weightor number of vinorls over time (expressed per day) in the controls and each
treatment grougNote For the measurement parameter total lateral branches length and
total root length a calculation of the average specific growth rate is not possitiie.
beginning of theest the test organism ha® lateral branches antb roots (based on the
preparation from the preulture) starting from the value zero, the calculation of the
average specific growth rate is not defined.
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b) Yield: This response variable is calculatedtioa basis of changes in main shoot length,
and in addition, on the basis of changestlrermeasurement paramegeri.e. preferably
total shoot length, fresh weighry weightor number of whorls, and other parameters if
deemed usefut in the controlsaand in each treatment group until the end of the test.

49.Toxicity estimates should be based on main shoot length and three additional
measurement variables (i.e. preferably total shoot length fresh weight, dry weight or
number of whorls, see paragraph and Note®, 4 and 5 to this paragraph), because
some chemicals may affect other measurement variables much more than the main shoot
length.This effect would not be detected by calculating main shoot length only

Average specific growth rate

50.The averagespecific growth rate for a specific period is calculated as the logarithmic
increase in the growth variablesmain shoot length anthreeadditional measurement
variables (.e.total shoot length, fresh weighdry weightor number of whorls}- using
theformula below for each replicate of control and treatments:

m

where:
m; : average specific growth rate from time i to j
- N; : measurement variable in the test or control vessel at time i
N; : measurementariable in the test or control vessel at time |
t :time period fromito |

For each treatment group and control group, calculate a mean value for growth rate along
with variance estimates.

51.The average specific growth rate should be calculatethfoentire test period (time "i"
in the above formula is the dmning of the test and time " the end of the testfor
each test concentration and control, calculate a mean value for average specific growth
rate along with the variance estimatés.addtion, the sectiorby-section growth rate
should be assessed in order to evaluate effects of thehmsticaloccurring during the
exposure periode(g by inspecting logransformed growth curves).

52.Percent inhibition of growth rate;JImay then be caldated for eab test concentration
(treatmengroup) according to the following formula:

m m

PO p p T
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where:
% Ir  : percent inhibition in average specific growth rate
nC : mean value fomin the control

Ml : mean value fomin the treatment group

Yield

53.Effects on yield are determined on the basis of the measurement variable main shoot
length andhreeadditional measurement variablé® (preferablytotal shoot length, fresh
weight dry weightor number of whorlspresenin each test vessel at the start and at the
end of the test-or fresh weight or dry weight, the starting biomass is determined on the
basis of asample of test organisms taken from the same batch used to inoculate the test
vesselsFor each test concentian and control, calculate a mean value for yield along
with variance estimate3he mean percent inhibition in yield (&9 may be calculated for
each treatment group as follows:

PO ——

where:
% ly : percentreduction in yield
bC : final biomass minus starting biomass for the control group
bT : final biomass minus starting biomass in the treatment group

Doubling time

54.To determine the doubling time {)Tof main shoot length and adherence to this validity
criterion (see paragraB), the following formula is used with data obtained from the
control vessels:

Tg=1In 2/u
Where | is the average specific growth rate determined as described in paragréghs 50

Plotting concentration-response curves
55.Concentratiorresponse curveselating mean percentage inhibition of the response

variable (}, or |, calculated as shown in paragraph 53) and the log concentration of the
test chemical should be plotted.

EC, estimation

56.Estimates of the ECshould be based upon both average specibavth rate (EC,) and
yield (E/Cy), each of which should in turn be based upon main shoot lemgtipossibly
additional measurement variabl@.e. preferablytotal shoot length, fresh weightiry
weightor number of whorls This is because there athemicalsthat impact main shoot
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length and other measurement variables differefithe desired toxicity parameters are
therefore four E¢values for each inhibition level x calculatedC&(main shoot length);
E/Cx (i.e. preferablytotal shoot length,résh weight, dry weightor number of whorls
E,Cx (main shoot length); and,E (i.e. preferablytotal shoot length, fresh weighdry
weightor number of whorls

57.1t should be noted that E&alues calculated using these two response variables are not
comparable and this difference is recognised when using the results of the tgst. EC
valuesbased upon average specific growth rat&C{Ewill in most cases be higher than
results based upon yield (&) — if the test conditionsfahis test method are adtred to-
due to the mathematical basis of the respective approaches. This difference should not be
interpreted as a difference in sensitivity between the two response variables, simply the
values are different mathematically.

Statistical procedures

58.The am is to obtain a quantitative concentrati@sponse relationship by regression
analysis. It is possible to use a weighted linear regression after having performed a
linearising transformation of the response data, for instanct#h probit or logit or
Weibull models(7), but nonlinear regression procedures are preferred techniques that
better handle unavoidable data irregularities and deviations from smooth distributions.
Approaching either zero or total inhibition such irregularities may be magnifietheby t
transformation, interfering with the analysid.(It should be noted that standard methods
of analysis using probit, logit, or Weibull transforms are intended for use on queugtal (
mortality or survival) data, anshouldbe modified to accommodate growth rate or yield
data. Specific procedures for determination of;&ues from continuous data can be
found in (§ (9) (10).

59.For each response variable to be analysed, use the concentesfiamse relationship to
calculake point estimates of EGralues.When possible, the 95% confidence limits for
each estimate should be determin€dbodness of fit of the response data to the
regression model should be assessed either graphically or statistiRalyession
analysis shoul be performed using individual replicate responses, not treatment group
means.

60.ECso estimates and confidence limits may also be obtained using linear interpolation with
bootstrapping (10), if available regression models/methods are unsuitable for the data

61.For estimation of the LOEC and hence the NOEC, it is necessary to compare treatment
means using analysis of variance (ANOVA) techniques. The mean for each concentration
is then compared with the control mean using an appropriate multiple comparison or
trend test methodunnett’' s or Wil |l i ams)(14)é5)(l6)mesy be
necessary to assess whether the ANOVA assumption of homogeneity of variance holds.
This assessment may be performed graphically or by a formal test (15). Suitebbkreées
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Levene’ s oRailurB & meet the assumsption of homogeneity of variances can
sometimes be corrected by logarithmic transformation of the dfateterogeneity of
variance is extreme and cannot be corrected by transformation, analysethmndsisuch

as stepdown Jonkheere trend tests should be considefeftlitional guidance on
determining the NOEC can be found k0.

62.Recent scientific developments have led to a recommendation of abandoning the concept
of NOEC and replacing it with regssion based point estimates ,E@n appropriate
value for x has not been established for Migiophyllumted. However, a range of 10 to
20% appears to be appropriate (depending on the response variable chosen), and
preferably both the Efgand EGy andtheir confidence limitshould be reported.

Reporting
63. The test reporincludes the following:

Test chemical

Mono-constituent substance:

- physical appearance, water solubility, and additional relevant physicochemical
properties;

- chemical identification, such as IUPAC or CAS name, CAS number, SMILES or
InChl code, structural formula, purity, chemical identity of impurities as appropriate
and practically feasible, etc. (including the organic carbon content, if appropriate).

Multi-constituent substance, UVBCs or mixture:

- characterised as far as possible by chemical identity (see above), quantitative
occurrence and relevant physicochemical properties of the constituents.

Test species
- Scientific name and source.

Test conditions

- Testprocedure used (static semistatic).
- Date of sta of the test and its duration.
- Test medium.

- Description of the experimental design: test vessels and covers, solution volumes,
main shoot length per test vebat the beginning of the test.

- Test concemations (nominal and measured as appropriate) and nwhheplicates
per concentration.



- Methods of preparation of stock and test solutions including thefase/ solvents or
dispersants.

- Temperature during the test.
- Light source, light intensityral hanogeneity.
- pH values of the test and control media.

- Themethod of analysief test chemicalith appropriate quality assessment data
(validation studies, standard deviationconfidence limits of analyses).

- Methods for determination of main shoot length and other measurement vagaples,
total lateral branches length, total shoot length, total root length, fresh weight, dry
weight or number of whorls

- Stateof the culture (sterile or nesterile) of each & and control vessel at each
observation

- All deviations from this test method.

Results

- Rawdata: main shoot length and other measurement variables in each test and control
vessel at each obs@tion and occasion of analysis.

- Means and standard deviatsoior each measurement variable.
- Growth curves for each measurement variable

- Calculated response variables for each treatment replicate, with mean values and
coefficient of variation for replicates.

- Graphical representation of themmntration/effectelationship.

- Estimates of toxic endpoints for response variables e.g, EC,o, EGy, and
associated confidence intervdfscalculated, LOEC and/or NOEC and the statistical
methals used for their determination.

- If ANOVA has been used, the size of #féect which can be detecteel ¢ the least
significant difference).

- Any stimulation ® growth found in any treatment.
- Any visual signs of phytotoxicity as well abservations of test solutions.

- Discussion of the results, including any influence on the outcome of the test resulting
from deviations from thigest method
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Appendix 1

DEFINITIONS

Biomassis the fresh and/or dry weight of living matter present in a population. In this test
the biomass is the sum of main shodtl|aéral branches and all roots.

Chemicalis asubstance or a mixture.

Chlorosis is the change of the color from green to yellowing of test organism especially of
the whorls.

ECx is the concentration of the tedtemicaldissolved in test medium that results in a x%
(e.g 50%) reduction in growth ofyriophyllum spicatunwithin a stated exposure period
(to be mentioned explicitly if deviating from full or normal test duratioiip
unambiguously denote an EC value deriviragn growth rate or yield the symbol (&' is
used for growth rate and yE" is used for yield, followed by the measurement variable
used,e.g E.C (main shoot length).

Growth is an increase in the measurement variablg, main shoot length, total latdr
branches length, total shoot length, total root lenfgésh weight, dry weighor number of
whorls, over the test period.

Growth rate (average specific growth rate) is the logarithmic increase in the measurement
variable during the exposure perioNote: Growth rate related response variables are
independent of the duration of the test as long as the growth pattern of unexposed control
organisms is exponential.

Lowest Observed Effect Concentration (LOEC)is the lowest tested concentration at
which thechemicalis observed to have a statistically significant reducing effect on growth
(at p <0.05) when compared with the control, within a given exposure titaeever, all

test concentrations above the LOBKbuldhave a harmful effect equal to or greater than
those observed at the LOE@Vhen these two conditions cannot be satisfied, a full
explanatiorshouldbe given for how the LOEC (and hence the NOEC) has been selected.

Measurement variablesare any type of vaables which are measured to express the test
endpoint using one or more different response variables. Inasismethodmain shoot
length, total lateral branches length; total shoot length, total root Ieingsh, weight, dry
weightand number of whoslare measurement variables.

Monoculture is a culture with one plant species.
Necrosisis dead (i.e. white or dark brown) tissue of the test organism.

No Observed Effect Concentration (NOEC)is the test concentration immediately below
the LOEC.

Responsevariable is a variablefor the estimation of toxicity dered from any measured
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variabledescribing biomass by different methods of calculattar.this test method growth
rateand yield are response variables derived from measurement variables likehmatin
length, total shoot length, fresh weight, dry weight, or number of whorls.

Semkistatic (renewal) testis a test in which the test solution is periodically replaced at
specific intervals during the test.

Static testis a test method without renewdltbe test solution during the test.
Test chemicalis any substance or mixture tested using this test method.

Test endpointdescribes the general factor that will be changed relative to control by the
test chemical as aim of the test. In ttast methodhe test endpoint is inhibition of growth
which may be expressed by different response variables which are based on one or more
measurement variables.

Test mediumis the complete synthetic growth medium on which test plants grow when
exposed to the testhamical. The testchemicalwill normally be dissolved in the test
medium.

UVCB is a sibstance ofunknown orvariable compositioncomplex reaction product or
biological material

Yield is value of a measurement variable to express biomass at the end of the exposure
period minus the measurement variable at the start of the exposure Nete@dVhen the

growth pattern of unexposed organisms is exponential,-p@ded response variabhesl
decrease with the test duration.
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Appendix 2

MODI FI ED ANDRBEWS®OR MBCK CULTU RE AND PRE-CULTURE

From five separately prepared nutrient stock solutithres modified Andrews' medium
required for stock culture and pre culture will be prepared, with addition of 3 % sucrose.

sol uti on

Tablel:Compositi on of And@eMPDesigmation BI1304) t
Production of nutrient stock solutions Production of nutrient solution
Stock . Initial weight . .
solution Chemical per 1000 m ml per 51 nutrient solution
KCI 74,6 mg
1 KNO; 8,08 ¢ 50
Ca(NG;),; * 4 H,O 18,88 g
2 MgSQO, *7 H,0 9,86 ¢ 50
3 See below stock solution 3.1 50
4 KH>POy 2,72 ¢ 50
FesSQ * 7 H,O 0,278 g
5 50
NaoEDTA* 2 H,0O 0,372 g

Stock solutions can be kept in a refrigerator for 6 months-{&t ). Only stock solution
No.5 has a reduced shelf life (two months).

Table 2: Production of stock solution 3.1 for preparing stock solusion

Chemical Initial weight g/100 ml
MnSQO, * 4 H,O 0,223
ZnSQ,* 7 H,0 0,115
H3BO;3 0,155
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CuSQ * 5 HO 0,0125
(NH4)sM07024 * 4 H,O 0,0037

After having produced stock solution 3.1 (TaB)e deepfreeze this solution in
approximately 1Inl-aliquots (at-18°C at least)The deegrozen portions have a shelf life
of five years.

To produce stock solution 3, defrost stock solution 3.1, fillnl@f it into a 1l volumetric
flaskandadd ultrpur e water wup to the flask®'s mark.

To obtain modified Andrewshedium, fill approximately 250l ultra-pure water into a b
volumetric flask After adding 50ml of each stock solution, fill 90% of the volumetric flask
with ultra-pure water and set pH to 5.8.

After this, add 15@ dissolved sucrose (3% pet)5then fill the volumetric flask with
ultra-pure water up to the markinally, the nutrient solution is filled into 11Schott flasks
and autoclaved at 12T for 20minutes.

The nutrient solution thus yielded can be kept sterile in a refrigeratorl@t’6) for three
months.

Modified Andrews' medium for Sedimentfree toxicity test

From the five nutrient stock solutions already mentioned in Tables 1 and 2, a tenfold
concentrated, modified Andrews' medium required for obtaining thesddstions will be
prepared, with addition of 30% sucrodeo do so, fill approximately 10 ultrapure
water into a 1 volumetric flask.After adding 100nl of each of the stock solutions, set pH

to 5.8.After this, add 30% dissolved sucrose (80pa 1000ml); then, fill the volumetric

flask with ultrapure water up to the mark.

Finally, the nutrient solution is filled into OlI5Schott flasks and autoclaved at TZl for
20 minutes.

The tenfold concentrated modified nutrient solution thus yieldad e kept sterile in a
refrigerator (at 5.0 °C) for three months.
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Appendix 3

MAINTENANCE OF STOCK CULTURE

In this Appendix 3 the stock culture oMyriophyllum spicéum L', a submersed aquatic
dicotyledon, a species of the water milfoils family is descrilBstween June and August,
inconspicuous pinkvhite flowers protrude above the water surfadee plants are rooted in
the ground by a system of robust rhizomes aad be found in the entire northern
hemisphere in eutrophic, however npolluted and more calciferous still waters with
muddy substrateMlyriophyllum spicatunprefers fresh water, but is found in brackish water
as well.

For sedimenfree stock cultureunder laboratory conditions, sterile plants are required.
Sterile plants are available from the ecotoxicology laboratory of the German
Umweltbundesamt (Federal Environment Agency of Germany).

Alternatively, test organisms can be prepared from-sterile plants in accordance with
ASTM designation E 19184. See below extracted from the ASTM Standard Guidéhe
procedure for culturinglyriophyllum sibiricumcollected from field:

"If starting from field collected, nesterile plants, collecM. sibiricum turions in the
autumn.Place the turions into a 20agquarium containing 5 cm of sterile sediment that is
covered with silica sand dor example byTurface®and 18l of reagent waterAerate the
aquarium and maintain at a temperature of@mnd afluene r at e of 20°0 t o
s for 16h per day.The plant culture in the aquarium may be maintained as a backup
source of plants in case the sterile plant cultures are destroyed by mechanical malfunction in
the growth cabinet, contamination, or otlheason.The plants grown in the aquarium are

not sterile and sterile cultures cannot be maintained in a batch culturing systetarilize

the culture, plants are removed from the aquarium and rinsed under flowing deionized water
for about 0.%h. Under @&eptic conditions in a laminar airflow cabinet, the plants are
disinfected for less than 20 min (until most of the plant tissue is bleached and just the
growing apex is still green) in a 3% (w/v) sodium hydodke solution containing 0.04 of

a suitablesurfactant.Agitate the disinfectant and plant materi8legments with several
nodes are transferred into sterile culture tubes containing I46f mterilized modified
Andr ews’ medi um and capped Onyionhehplar segmemt isc u |l t
placed into each test chambéaboratory sealant film is used to secure the closure to the
culture vesselOnce a sterile culture has been established, plant segments containing several
nodes should be transferred to new test chambers containing freshriguent media

every ten to twelve day#\s demonstrated by culturing on agar plates, the plants must be
sterile and remain sterile for eight weeks before testing can be initiated."

! Carl von Linné (* May, 23th1707in RashultAlmhult; Jdnuay, 10th,1778in Uppsala.
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Since the modified Andrews' medium contains sucrose (which stimutsegrowth of

fungi and bacteria), all material, solutions and culturing be conducted under sterile
conditions.All liquids as well as equipmertre sterilsed before use. Stesition is carried

out via heated air treatment (210) for 4hours or autockang for 20minutes at 122C. In
addition, all flasks, dishes, bowls etc and other equipment undergo flame treatment at the
sterile workbench just prior to use.

Stock cultures can be maintained under reduced illumination and temperatoert50s ™,

20° 2 C) for longer times without needing to beastablishedThe Myriophyllumgrowth

medium should be the same as that used for testing but other nutrient rich media can be used
for stock cultures.

The plant segments are distributed axenically cseveral 500nl Erlenmeyer or/and
2000ml Fernbach flasks, each filled with approximately #&€pectively 100enl modified
Andr ews ' Thare ttha flasks.are axenically cellulose plug stoppered.

In addition, thorough flame treatment of equipment astbale workbench just prior to use
is absolutely necessarpependent on number and size, the plants are to be transferred into
fresh nutrient solution approximately every three weeks.

Apices as well as segments of the stem middle part for this renewateatan be used.
Number and size of transferred plants (or segments of plants) are dependent on how many
plants are neededror example, you can transfer five shoot segments into one Fernbach
flask and three shoot segments into one Erlenmeyer flask, vatitha length of Tm.

Discard any rooted, flowering, dead or otherwise conspicuous parts.

4 8 —> stock culture
A —> ¥ L% —>  preculture

g -3  waste

Figure 1: Cutting of plants for the stock and pre culture after 3 weeks of cultivation.

Culturing of plants is to bperformed in 500nl Erlenmeyer and 200@I Fernbach flasks in

a cooling incubator at 202 "C with continuously light at approximatelp0-150nE m? s

! or 60069000Lux (emitted by chamber illumination with colour temperature "warm white
light™).
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Figure 2: Culturing of plants in a cooling incubator with chamber illumination.

Chemically clean (aciivashed) and sterile glass culture vessels should be used and aseptic
handling techniques employebh the event of contamination of the stock culterg by

algae, fungi and/or bacteria a new culture should be prepagedtock culture from another
laboratoryshould be used to renewal of the one culture.



Appendix 4

MAINTENANCE OF PRE -CULTURE AND PREPARAT ION OF TEST ORGANISM FOR
TESTING

To obtain preculture, cut shoots of stock culture into segments with two whorls each; put
segments into Fernbach flasks filled with
Each flask can contain up to %hoot segmentddowever, care is to be taken that the
segments are vital and do not have any roots and lateral branches or their buds (ske figure
in Appendix3).

The preculture organisms are cultured for 14 tod#lys under stde conditions in an
environmental chamber with alternating 16(ir light/dark phases&ight intensity selected
from the range of 10@50nE m?s®. The temperature in the test vessels should be
23+ 2°C.

Since the modified Andrews' medium contasgwgrose (which stimulates the growth of
algae, fungi and bacteria), test chemical solutions should be prepared and culturing be
conducted under sterile conditiorsl liquids as well as equipment are stesldl before use.
Sterilisation is carried out viaeated air treatment (22C) for 4hours or autoclaving for 20
minutes at 122C. In addition, all flasks, dishes, bowls etc. and other equipment undergo
flame treatment at the sterile workbench just prior to use.

Shoots are axenically removed from thee-pulture flasks, choosing material that is as
homogeneous as possible. Each testing requires at lefest @@ganisms (testing with eight
test chemical concentrations). For testing, take fresh lateral branches framltpres,
shorten them to 2.&6m from base (measured with ruler) and transfer them into a beaker
containing sterile modified Andrews' mediuirhese fresh lateral branches can be used for
the sedimenfree Myriophyllum spicatuntoxicity test.

M —_— fresh lateral branche
for the test

waste or furthel
cultivation

Figure 2: Cutting of plants from the pre culture for the sedirrfeed Myriophyllum spicatum
toxicity test.
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C.51water-sedimentMyriophyllum spicatumtoxicity test

INTRODUCTION

1.This testmethod is equivalent to the OEC®stguideline 239 (2014)Testmethods are
available for the floating, monocotyledonous aquatic plaetmnaspecies (1) and for
algal species (2). Theseethodsare routinely used to generate data to address the risk of
test chemicals, in particular chemicals with herbicidal activity, totaoget aquatic plant
species. However, in some cases, data for additional macrophyte species may be required.
Recentguidarce published from the Society of Environmental Toxicology and Chemistry
(SETAC) workshop on Aquatic Macrophyte Risk Assessment for Pesticides (AMRAP)
proposed that data for a rooted macrophyte species may be required for test chemicals
where Lemnaand alga are known not to be sensitive to the mode of action or if
partitioning to sediment is a concern, leading to exposure via root uptake (3). Based on
current understanding and experien®Briophyllum spp were selected as the preferred
species in cases wleedata are required for a submerged, rooted dicotyledonous species
(4) (5) (6). This test does not replace other aquatic toxicity tests; it should rather
complement them so that a more complete aquatic plant hazard and risk assessment is
possible. The wate- sedimentMyriophyllum spicatumtest method complements the
sedimenifree Myriophyllum spicatunToxicity Test (7).

2.This document describes a test method, which allows assessment of the effects of a test
chemical on the rooted, aquatic plant sped&giophyllum spicatum growing in a
watersediment systenilhe test method is based partly on existing methods (1) (2) (8)
and takes account of recent research related to the risk assessment of aquatic plants (3).
The watersediment method has been validateddoyinternational ringest conducted
with Myriophyllumspecies grown under static conditions, which were exposed to the test
chemical through applications made via the water column (9). However, the test system is
readily adapted to allow for exposure gjgiked sediment or exposure via the water phase
in semistatic or pulsedlose scenarios, although these scendran@ not been formally
ring tested. Furthermore, the general method can be used for other rooted, submerged and
emergent species includinghetr Myriophyllum species €.g.Myriophyllum aquaticum
andGlyceria maximag(10). Modifications of test conditions, design and duration may be
required for alternative species. In particular, more work is needed to define appropriate
procedures foMyriophyllum aquaticum These options are not presented in detail in this
test method, which describes the standard approach for exposuxéyrafphyllum
spicatumin a static system via the water phase.

3. This test method applies to substances, for which the te$tash has been validated, (see
details in the ring test report (9)) or to formulaticrsknown mixturesA Myriophyllum
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test may beconducted to fulfila Tierl data requirement triggered by potential test
chemical partitioning to sediment or mode of action/selectivity issuégually, a
laboratorybasedMyriophyllumtest may be required as part of a higher strategy to
address concerns over the risk to aquatic pldrts.specific reason for conducting a test

will determine the route of exposu(ee. via wateror sediment. Before use ofthis test
method for thetesting of a mixture intended for a regulatory purpose, it should be
considered whether, and if so why, it may provide adequate results for thatgauspios
considerations are not needed, when there is a regulatory requirement for testing of the
mixture.

PRINCIPLE OF THE TEST

4.The test is designed to assess chenriglalted effects on the vegetative growth of
Myriophyllumplants growing in standardisededia (water, sediment and nutrients). For
this purpose, shoot apices of healthy, Hfleavering plants are potted in standardised,
artificial sediment, which is supplemented with additional nutrients to ensure adequate
plant growth, and then maintained $mart and Barko mediurfAppendix 1) After an
establishment period to allow for root formation, plants are exposed to a series of test
concentrations added to the water coluhernatively, exposure via the sediment may
be simulated by spiking the artifal sediment with the test chemical and transplanting
plants into this spiked sedimemh. both cases, plants are subsequently maintained under
controlled environmental conditions for tldys. Effects on growth are determined from
guantitative assessmentd shoot length, fresh weight and dry weight, as well as
gualitative observations of symptoms such as chlorosis, necrosis or growth deformities.

5.To quantify chemicatelated effects, growth in the test solutions is compared with the
growth of the controplants, and the concentration causing a specified x% inhibition of
growth is determined and expressed as thg;E&' can be any value depending on the
regulatory requirements, e.5Cio ECy and ECs. It should be noted that estimates of
ECio and ECy values are only reliable and appropriate in tests where coefficients of
variation in control plants fall below the effect level being estimated, i.e. coefficients of
variation should be <20% for robust estimation of angEC

6.Both average specific growtlate (estimated from assessments of shoot length, shoot fresh
weight and shoot dry weight) and yield (estimated from the increase in shoot length,
shoot fresh weight and shoot dry weight) of untreated and treated plants should be
determined Specific growh rate (r) and yield (y) are subsequently used to determine the
E:Cx (e.9.ECio, EC20, ECs0) and ECy (e.9.E,Cio, E/Co0, E/Cs0), respectively.
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7.1f required, the lowest observed effect concentration (LOEC) and the no observed effect
concentration (NOECpnay be statistically determined from estimates of average specific
growth rates and yield.

INFORMATION ON THE T EST CHEMICAL

8.An analytical method with adequate sensitivity fprantification of the chemicals in the
test medium should be available.

9.Information on the test chemical which may be useful in establishing the test conditions
includes the structural formula, composition in the casmuolti-constituent substances,
UVCBSs, mixtures or formulations, purity, water solubility, stability in water andtligh
acid dissociation constant (gK partition coefficient octanelvater (Koy), if available K
to sediments, vapour pressure and biodegradability. Water solubility and vapour pressure
can be used to calculate Henry’s Law constant, which will indicate whether significant
losses of the test chemical during the test period are liKdlysses of thaest chemicals
are likely, the losses should be quantified and the subsequent steps to control such losses
should be documentedVhere information on the solubility and stability of the test
chemical(s)is uncertain, it is recommended that these propemi® assessed under the
conditions of the test,e. growth medium, temperature, lighting regime to be used in the
test. Note when light dependent peroxidising herbicides are tested, the laboratory
lighting used should contain the equivalent presencsotdr ultraviolet light found in
natural sunlight.

10.The pH should be measured and adjusted in the test medium as apprdpréateH
control of the test medium is particularly importasig.when testing metals or chemicals
which are hydrolytically unstdé. Further guidance for testing chemicals with physical
chemical properties that make them difficult to test is provided in a OECD Guidance
Document (11).

VALIDITY OF THE TEST

11.For the test results to be valid, the mean total shoot length and mean taitlfreish
weight in control plants at least double during the exposure phase of the test. In addition,
control plants must not show any visual symptoms of chlorosis and should be visibly free
from contamination by other organisms such as algae and/oribhfitsns on the plants,
at the surface of the sediment and in the test medium.

12.The mean coefficient of variation for yield based on measurements of shoot fresh weight
(i.e.from test initiation to test termination) in the control cultures does not exX8g#d
between replicates.
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REFERENCE CHEMICAL

13.A referencechemica(s), such as 3;8ichlorophenol used in the ring test (9), should be
periodically tested in order to check the performance of the test procedure over time. The
ring test data indicate that tmeean EC50 values of 3[BCP for the different response
variades were between 4.7 and 6yl (see the ringest report for details of anticipated
confidence interval around these values). It is advisable to test a refetesmécal at
least twice a yaaor, where testing is carried out infrequently, in parallel with the
definitive toxicity tests. A guide to expected EC50 values forD3CH is provided in the
Statistical Report of the International Ritegst (9)

DESCRIPTION OF THE M ETHOD

Test apparatus

14.The test should be conducted under controlled environmental conditianis,a growth
chamber, growth room or laboratory, with controllable day length, lighting and
temperature (see section "Test conditions”, paragrap#&). Stock cultures should be
maintained separately from test vessels.

15.The study should be conducted using glass test vessels such as aquaria or béakers; 2
glass beakers (approximately & high and 1Tm in diameter) are commonly used.
However, othefi.e. larger) vessels may beitable provided that there is sufficient depth
of water to allow unlimited growth and keep the plants submerged throughout the test
duration.

16.Plastic or glass plant pots (approximately 9 cm diameter and 8 cm high and 500 ml
volume) may be used as contaméor potting the plants into the sediment. Alternatively,
glass beakers may be used and are preferred in some cases (e.g. testing hydrophobic
chemicals or chemicals with high,k).

17.The choice of pot/beaker size needs to be considered alongside the ehtast vessels
and the preferred test design (see below). If using Test Design A (one shoot per pot with
three pots per vessel) then smaller pots or larger vessels may be needed. If using Test
Design B (three shoots per pot and one pot per vesseljlibestated pot and vessel sizes
should be adequate. In all cases, the minimum overlaying water depth shouldine 12
above the top of the sediment and the ratio of sediment surface area/volume to water
surface area/volume should be recorded.

Test organism

18.The general approaches described in this test method can be used to test a range of
aquatic plant species. However, the conditions outlined in this test method have been
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tailored for testing the water milfoil specied)yriophyllum spicatum This species
beongs to the diotyledonous familyHaloragaceae

19. Myriophyllum spicatum(Eurasian water milfoil) is a submerged, rooted species which
tolerates a wide range of conditions and is found in both static and flowing water bodies.
M. spicatumis a perennial which dies back to the roots over winter. Plants usually flower
and set seed freely although vegetative propagation from axillary buds or stem fragments
that detach naturally or after disturbance, is often the primary method of colonisation

Cultivation of the test organism

20.Plants may be obtained from natural populations or via aquatic plant suppliers. In both
cases, the source of the plants should be documented and species identity should be
verified. Great care should be taken to ensurat the correct species is obtained when
collecting Myriophyllum spicatumfrom the field, especially in regions where it can
hybridise with otheMyriophyllumspecieslf in doubt, use of verified laboratory cultures
from known sources is recommended. Bdathat have been exposed to any chemical
contaminants, or collected from sites known to be contaminated, should not be used in
this test.

21.1n regions wherd. spicatumis not readily available during the winter months, lgagnm
maintenance of stock cules may be necessary under glasshouse or laboratory
conditions. Stock cultures should be maintained under conditions similar to the test
conditions although irradiance and temperature may be reduced in order to reduce the
frequency of culture maintenance.devhen Myriophyllum tests are not planned for a
period). Use of larger aquaria and plant pots, than would be used in tests, is
recommended in order to allow space for proliferation. Sediment and -matin
composition should be the same as would be @setksts although alternative methods
of sediment fertilisation may be adopted (aige of commercial slowelease fertiliser
formulations)

22.Stock plants should be visibly free of contamination with any other organisms, including
snails, filamentous aée, fungi and insects, e.g. eggs or larvae of the rRatlaponyx
stratiotata and larve or adults of the curculionid&ibrychius velutusRinsing plant
material in fresh water may be necessary to eliminate visible contamination. In addition,
efforts shouldbe made to minimise the development of unicellular algae and bacterial
contamination although complete sterility of the plant material is not necessary. Stock
cultures should be monitored andrnsplanted as necessary to avdevelopment of algal
and baterial contamination. Aeration of stock cultures may be beneficial should algal or
bacterial contamination become problematic.
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23.In all cases, plants are cultured/ acclimatised under conditions that are similar, but not
necessarily identical, to those usedthe test for an adequate periace.(>2 weeks)
before their use in a test.

24.Flowering stock cultures should not be used in a test as vegetative growth rates generally
decline during and after flowering.

Sediment

25.The following formulated sediment, based the artificial sediment used in Chap@28
of this Annex (8), is recommended for use in this test. $b@iment is prepared as
described in TMC.28, except for the additiorf autrients as described below:

a) 4-5% peat (dry weight, according to 2 + 0.8%ganic carbon) as close to pH 5.5 t0 6.0 as
possible; it is important to use peat in powder form, finely ground (preferably particle size
< 1 mm) and only air dried.

b) 20% (dry weight) kaolin clay (kaolinite content preferably above 30%).

c) 7576% (dry weidnt) quartz sand (fine sand should predominate with more than 50% of
the particles between 50 and 200 pm).

d) An aqueous nutrient medium is added such that the final sediment batch contains
200mg/Kg dry sediment of both ammonium chloride and sodium phosphdtthe
moisture content of the final mixture is in a range 6680%.

e) Calcium carbonate of chemically pure quality (Cal’i® added to adjust the pH of the
final mixture of the sediment to 7.0 £ 0.5.

26.The source of peat, kaolin clay and sand should lmevkrand documented. If the origin
is unknown or gives some level of concern, then the respective components should be
checked for the absence of chemical contaminateg. heavy metals, organochlorine
compounds, organophosphorous compounds).

27.The dry costituents of the sediment should be mixed homogenously prior to mixing the
aqueous nutrient solution thoroughly into the sediment. The moist sediment should be
prepared at least two days before use to allow thorough soaking of the peat and to prevent
hydrgphobic peat particles floating to the surface when the sediment is overlaid with
media; before use, the moist sediment may be stored in the dark.

28.For the test, the sediment is transferred into a suitable size containers, such as plant pots
of a diameter Wich fit into the glass vessels (the sediment surface area should cover
approximately 70% or more of the vessel surface area). In cases where the container has
holes at the bottom, a piece of filter paper in the bottom of the container will help to keep
the sediment within the container. The pots are filled with the sediment such that the
sediment surface is level, prior to covering with a thin layer (~ 2 to 3 mm) of an inert
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material such as sand, fine horticultural grit (or crushed coral) to keep theesgdin
place.

Test medium
29.Smart and Barko medium (12) is recommended for culturing and tegtymnigphyllum
spicatum Preparation of this media is described in the Appendikhg. pH of the media
(water phase) at test initiation should be between 7.8dhtbr optimum plant growth.

Experimental design
30.The test should incorporate a minimum of six replicate test vessels for the untreated
control and aminimum of four replicate test vessels for each of a minimum of five
concentration levels.

31.If determinaton of NOEC is not required, the test design may be altered to increase the
number of concentrations and reduce the number of replicates per concentration.

32.Each test vessel represents a replicate containing three shoots. There are two options for
growing tlree shoots in each test vessel:

- Test Design A: one shoot per pot and three pots per vessel.
- Test Design B: three shoots per pot and one pot per vessel.

- Alternative test designs of one shoot per pot per test vessel are acceptable provided
that replicatioris adjusted as required to achieve the required validity criteria.

33.The individual test vessels should be randomly assigned to the treatment ghoups.
randomised design for the location of the test vessels in the test area is required to
minimise the inflence of spatial differences in light intensity or temperature.

Test chemical concentrations and control groups

34.Concentrations should typically follow a geometric series; the separation factor between
test concentrations should not exceed B8or knowledje of the toxicity of the test
chemical from a rang@énding test will help to select suitable test concentrations.

35.To determine an ECtest concentrations should bracket thg ECensure an appropriate
level of confidence. For example, if estimating tBG,, the highest test concentration
should be greater than the &@alue. If the EGp value lies outside of the range of test
concentrations, associated confidence intervals will be large and a proper assessment of
the statistical fit of the model mayot be possible. The use of more test concentrations
will improve the confidence interval around the resulting, E&lue.

36.To determine the LOEC/NOEC (optional endpoint), the lowest test concentration should
be sufficiently low such that growth is not sificantly different from growth in control
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plants. In addition, the highest test concentration should be sufficiently high such that
growth is significantly lower than that in the contrdlhe use of more replicates will
enhance the statistical power oétho effectconcentration/ ANOVA design.

Limit test

37.In cases where a randgi@ding test indicates that the test chemical does not have an
adverseeffect at concentrations up to 100 igrf up to its limit of solubility in the test
medium or in the case oh formulation up to the limit of dispersibility, a limit test may
be undertaken to facilitate comparison of responses in a control group and one treatment
group— 100mg/ or a concentration equal to the limit of solubilitgr 1000mgkg dry
sediment.This test should follow the general principles of a standard-desgonse test,
with the exception that an increase in the minimum number of replicates to six test
vessels per control and concentration is advised. Growth in the control and treatment
group nay be analysed using a statistical test to compare meayna,Student's-test.

Test solutions

38.Test solutions are usually prepared by dilution of a stock solution, prepared by dissolving
or dispersing the test chemical in Smart and Barko media, usimjndralised (i.e.
distilled or deionised) water (see Appendix 1).

39.The highest test concentration should normally not exceed the water solubility of the test
chemical or, in the case of formulations, the dispersibility under the test conditions.

40.For test bemicals of low water solubility, it may be necessary to prepare a concentrated
stock solution or dispersion of the chemical using an organic solvent or dispersant in
order to facilitate the addition of accurate quantities of the test chemical to the test
medium and aid in its dispersion and dissolution. Every effort should be made to avoid
the use of such solvents or dispersants. There should be no phytotoxicity resulting from
the use of auxiliary solvents or dispersants. For example, commonly used solvieich
do not cause phytotoxicity at concentrations up to @100/ | , i nclude ac
dimethylformamide. If a solvent or dispersant is used, its final concentration should be
reported and keppl tb)a bindeée mumh éandge®dOand c u ms
(solvent) controls should contain the same concentration of solvent or dispersant.
Untreated control replicates that do not contain a solvent or dispersant are also
incorporated into the test design. Further guidance on the use of dispessgiviani in
the OECD Guidance Document (11).

TEST PROCEDURE

41.The test procedure varies according to the application route of the test cheraicah(
the water or sediment phase). The likely behaviour of the test chemical in a water
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sediment system shoulak considered to inform the choice of exposure regime used in
the test (i.estatic or static renewal, spiked water or spiked sediment). Spiked sediment
tests may be preferred in some cases for chemtbalsare predicted to significantly
partition to sdiment.

Establishment phase

42.Healthy shoot apices/tipse. without side shoots, are cut from the culture plants to give a
shoot length of 6 cm (X cm). For Test Design A (one shoot per pot and three pots per
vessel) single shoot tips are planted intohejaat. For Test Design B (three shoots per pot
and one pot per vessel) four to five shoot apices are planted into each pot containing the
sediment.

43.In both cases surplus pots should be planted to allow for selection of uniform plants at
test initiation, & well as to provide spare plants to be used for inspection of root growth
immediately prior to treatment and spare plants to be harvested for shoot biomass and
length measurements on DAy

44.Shoots are inserted such that approximately three cm, coveriegsittwo nodes, are
beneath the sediment surface.

45.Pots are then transferred to test vessels under the same environmental conditions as for
the exposure phase and maintained for seven days in Smart and Barko medium to induce
root development.

46.After this time, several plants in spare pots should be removed for inspection of root
growth. If root growth is not visible.g. root tips are not visible), then the establishment
phase should be extended until root growth is visible. This step is recommendsdr® en
that plants are actively growing at the time of test initiation.

Selection of uniform plant material

47.For Test Design A (one shoot per pot and three pots per vessel) pots are selected for
uniformity prior to test initiation. For Test Design B (thre@asts per pot and one pot per
vessel), surplus plants are removed to leave three plants that are uniform in size and
appearance.

Exposure via the water phase

48.Pots, selected for uniformity, are placed into the test vessels as required for the
experimentaldesign. Smart and Barko medium is then added to the test vessels. Care
should be taken to avoid disturbance of the sediment. For this purpose, media may be
added using a funnel or a plastic disc to cover the sediment while the medium is poured
into the tes vessels provided that the disc is removed immediately afterwards.
Alternatively, plant pots may be placed in the test vessels after the addition of the media.
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In both cases, fresh media may be used at the beginning of the exposure phase, if
necessary to minimise the potential beuld of algae and bacteria or to allow preparation
of single batches of test solution across replicates.

49.The shoot length above sednt is measured, either prior to or after the addition of the
medium.

50.The relevant amounts of the test chemical may be added to the test medium before it is
added to the test vesseklternatively, the test chemical may be introduced into the
medium afte it has been added to the test vessels. In this case, care should be taken to
ensure that the test chemical is homogeneously distributed throughout the test system
without disturbing the sediment.

51.In all cases, the appearance (e.g. clear, cloudy, dttheaest media is recorded at test
initiation.

Exposure via sediment

52.Spiked sediments of the chosen concentration are prepared by addition of a solution of
the test chemical directly to fresh sediment. A stock solution of the test chemical
dissolved indeionised water is mixed with the formulated sediment by rolling mill, feed
mixer or hand mixing. If poorly soluble in water, the test chemical can be dissolved in as
small a volume as possible of a suitable organic solverd Hexane, acetone or
chloroform). This solution is then mixed with ca. 10 g of fine quartz sand for one test
vessel. The solvent is allowed to evaporate and the sand is then mixed with the suitable
amount of sediment per test beaker. Only agents that volatilise readily can be used to
solubilise, disperse or emulsify the test chemical. It should be borne in mind that the
volume/weight of sand spiked with the test chemical has to be taken into account in the
final preparation of the sedimefite. thesediment should thus be preparedhMiess
sand). Care should be taken to ensure that the test chemical added to sediment is
thoroughly and evenly distributed within the sediment.

53.The spiked sediment is filled into the pots (as described above). Plants, selected for
uniformity and an ade@ie root system, are removed from the pots used during the
establishment phase and transplanted into the spiked sediment as described above.

54.Pots are placed into the test vessels as required for the experimental design. Smart and
Barko medium is then addecarefully (.e. using a funnel) in order to avoid disturbance
of the sedimentThe shoot length above sediment is measured, either prior to or after the
addition of the media.

Maintenance of water levels over the test duration
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55.The final water volume mudte recorded and the water level marked on each test vessel.
If water evaporates during the test by more than 10%, the water level should be adjusted
with distilled water. If necessary, beakers may be loosely covered by a transparent cover
such as transpant plastic lids to minimise evaporation and contamination with algal
spores.

Test conditions

56.Warm and/or cool white fluorescent lighting are used to provide light irradiance in the
range of about 140 (2 0) B &'-winen measured as a photosyntheticalbtive
radiation (406700nm) at the water surface and using a light:dark ratio of 16/48nk.
differences from the selected light irradiance over the test area should not exceed the
range of +15%.

57.The temperature in the test vessel20s: 2°C.

58.The pHof the control medium should not increase by more than 1.5 units during the test.
However, deviation of more than 1.5 units would not invalidate the test when it can be
shown that the validity criteria specified previously are met.

Test duration
59.The exposare period is 14 days.

Measurements and analytical determinations

60. After the establishment phase and immediately prior to treatfhenbn DayO0), spare
plants from five randomly selected pots for the three plants per pot design or 15 pots for
the one plat per pot design, are harvested for assessment of shoot Emdtinesh and
dry weight as described below.

61.For plants transferred into the exposure phase, the following assessments are made as
shown in Tablel:

- Assessments of main shoot length, side shamber and side shoot length are
recorded at least at the end of the exposure pezigdof dayl4).

- Visual assessments of plant health are recorded at least threeumg<giue
exposure periode(g.on days 0, 7 and 14).

- Assessments of shoot freg/eight and dry weight are made at the end of the test
(i.e.on Dayl4).

62.Shoot length is determined using a ruldrside shoots are present, their numbers and
length should also be measured.



63.Visual assessments of plant health are made by recording the appearance of plants and
the general condition of the test medium. Observations to be noted include:

- Necrosis, chlorosis or other discoloration such as excessive reddening relative to
control phnts.

- Development of bacterial or algal contamination;

- Growth abnormalities such as stunting, altered internodal length, distorted
shoots/leaves, the proliferation of side shoots, leaf loss, loss of turgor and stem
fragmentation.

- Visual assessments of tdwealth are made at test termination, by carefully washing
sediment from roots to enable observation of the root system. A proposed scale for
assessment, relative to control plants, is shown below:

1) roots absent
2) few roots
3) moderate root developmien

4) very good root development, similar to controls

64.Assessments of fresh weight are made at the beginning and end of the test by cutting the
shoot at sediment level and then blotting dry prior to weighing. Care should be taken to
remove sediment particlésat may adhere to the base of the shoot. Shoot material is then
placed in a drying oven at ca. 60°C and dried to a constant weight, pricimeigiing
and recording the dry weight.

65.A summary of the minimum biological assessments required over theluesion is
provided in Tablel.

Table 1: Assessment schedule

Day after Myriophyllum spicatum
treg’;r\ljrent Shoot length, Visual Shoot fresh and dry pH
( ) side shoot length| assessment of weight, 0O,
and number shoots Visual assessment of rootg
A A A A
7 - A - A
14 A A A A
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A : indicates that assessments are required on these occasions

indicates that measurements are not required

Frequency of measurements and analytical determinations
66.The temperature of the medium in a supplementasgel held under the same conditions

in the growth chamber, incubator or room should be recorded at least daily (or
continuously with a data logger).

67.The pH and dissolved oxygen concentration of the test medium should be checked at test

68.

initiation, at leat once during the study and at the end of the study in all replicate vessels.
On each occasion, measurements should be taken at the same time of the day. If bulk
solutions are used to prepare all replicates at each test concentration, then a single
measuement of each bulk solution is acceptable on Day

Irradiance should be measured in the growth chamber, incubator or room at points
equivalent to level of the water surface. Measurements should be made at least once at
test initiation or during the teshe method of light detection and measurement, in
particular the type of sensor, will affect the measured value. Spherical sensors (which
respond to light from all angles above and below the plane of measurement) and "cosine"
sensors (which respond to tigfrom all angles above the plane of measurement) are
preferred to unidirectional sensors, and will give higher readings for a-puilfti light

source of the type described here.

Analytical measurements of test chemical

69.The correct application of thdest chemical should be supported by analytical

measurements of test chemical concentrations.

70.Water samples should be collected for test chemical analysis shortly after test initiation

(i.e. on the day of application for stable test chemicals or one dftarr application for
chemicals that are not stable) and at test termination for all test concentrations.

71.Concentrations in sediment and sediment puaéer should be determined at test

initiation and test termination, at least in the highest test coratemt, unless the test
chemicals areknown to be stable in water 0% of nominal). Measurements in
sediment and porevater might not be necessary if the partitioning of the ¢bsmical
between water and sediment has been clearly determined in asedi®&nt study under
comparable conditions (e.gediment to water ratio, application method, sediment type).

72.Sampling of sediment at test initiation is likely to disrupt the test system. Hence,

additional treated test vessels may be required to faciléagdytical determinations at

test initiation and test termination. Similarly, where intermediate assessments are
considered necessary, i.e. on dayand analyses require large samples of sediment that
cannot be easily removed from the test system, doalytieterminations should be
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performed using additional test vessels treated in the same way as those used for
biological assessments.

73.Centrifugation at, for example, IWO0g and 4°C for 3@ninutes is recommended to
isolate interstitial water. Howevelf, the test chemical is demonstrated not to absorb to
filters, filtration may also be acceptable. In some cases, it might not be possible to
analyse concentrations in the pore water if the sample size is too small.

74.In semistatic testsi(e. exposure vialte water phase) where the concentration of the
relevant test chemical(s) is not expected to remain within 20% of the nominal
concentration over the test duration without renewal of test solutions, used and freshly
prepared test solutions should be samptrdanalyses of test chemical concentration at
each renewal.

75.In cases where the measured initial concentration of the test chemical is not within 20%
of nominal but where sufficient evidence can be provided to show that the initial
concentrations are regeble and stabla.€. within the range of 8020% of the initial
concentration), chemical determinations may be carried out on only the highest and
lowest test concentrations.

76.1n all cases, determination of test chemical concentrations need only benpefon one
replicate vessel at each test concentration. Alternatively, the test solutions of all replicates
for each concentration may be pooled for analyses.

77.1f there is evidence that the test chemical concentration has been maintained within 20%
of thenominal or measured initial concentration throughout the test, then analysis of the
results and subsequent derivation of endpoints can be based on nominal or measured
initial values.

78.In these cases, effect concentrations should be based on nominal aredeaster
concentrations at the beginning of the test.

79.However, if there is evidence that the concentration has declined (i.e. is not maintained
within 20% of the nominal or measured initial concentration in the treated compartment)
throughout the testhen analysis of the results should be based on the geometric mean
concentration during exposure or models describing the decline of the concentration of
the test chemidan the treated compartment (11

DATA EVALUATION

80.In cases where use of a solventgpdirsant is required, data from solvent and untreated
controls may be pooled for the purposes of statistical analyses provided that the responses
of the solvent and untreated controls are not statistically significantly different.
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Response variables

81.The pupose of the test is to determine the effects of the test chemical on the vegetative

growth of the test species, using two response variables, average specific growth rate and
yield, as follows:

Average specific growth rate

82.This response variable is based changes in the logarithms of total shoot length, total
shoot fresh weight and total shoot dry weight, over time in the controls and each
treatment group. This variable is calculated for each replicate of each control and
treatment group. The mean lehgind weight of the three plants per test vessel (replicate)

and, subsequently, the growth rate for each replicate, should be calculated using the
following formula:

where:

Hij : average specific growth rate from time i to j

N; : measurement variable in the test or control vessel at time i
N; : measurement variable in the test or control vessel at time j
t: time period fromito |

83.From the replicate responses, a mean value for growth rate along with variance estimates
should becalculated for each treatment and control group.

84.The average specific growth rate should be calculated for the entire test period (time "i"
in the above formula is the beginning of the test and time "j" is the end of the test). For
each test concentraticand control, calculate a mean value for average specific growth
rate along with the variance estimates.

85.Percent inhibition of growth rate;JImay then be calculated for each test concentration
(treatment group) according to the following formula:

; m m
PO —— pmm
m
where:
% Ir : percent inhibition in average specific growth rate
pC : mean value for pin the control
UT : mean value for pin the treatment group

Yield
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86.This response variable is based on changes in total shoot length, total showteiigigh
and total shoot dry weight, over time in the controls and each treatment group. The mean
percent inhibition in yield (%y) may be calculated for each treatment group as follows:

QO @

PO ,
W

where:
% ly : percent reduction in yield
bc : final biomass minus starting biomass for the control group
br : final biomass minus starting biomass in the treatment group

Plotting concentration-response curves

87.Concentratiorresponse curves relating mean percentage inhibition of the response
variable (}, orly), calculated as shown above and the log concentration of the test
chemical should be plotted.

EC, estimation

88.Estimates of the EJe.g.ECsp) should be based upon both average specific growth rate
(E:Cx) and yield (ECy), each of which should in torbe based upon total shoot fresh
weight, total shoot dry weight and total shoot length.

89.It should be noted that E&alues calculated using these two response variables are not
comparable and this difference is recognised when using the results ofsth&@e
valuesbased upon average specific growth ratgC{Fwill in most cases be higher than
results based upon yield () — if the test conditions of this test method are adhered to
due to the mathematical basis of the respective approaches.ifiérierdte should not be
interpreted as a difference in sensitivity between the two response variables, simply the
values are different mathematically.

Statistical procedures

90.The aim is to obtain a quantitative concentraiesponse relationship by regsem
analysis. It is possible to use a weighted linear regression after having performed a
linearising transformation of the response data, for instance intdt prdbgit or Weibull
units (13, but nonlinear regression procedures are prefertechniques that better
handle unavoidable data irregularities and deviations from smooth distributions.
Approaching either zero or total inhibition such irregularities may be magnified by the
transformation, nterfering with the analysis (131t should benoted that standard
methods of analysis using probit, logit, or Weibull transforms are intended for use on
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guantal €.g.mortality or survival) data, anshouldbe modified to accommodate growth
rate or yield data. Specific procedures for determinatioB@f values from conhuous
data can be found in (14) (18)6) (17).

91.For each response variable to be analysed, use the concentesji@mse relationship to
calculate point estimates of E@alues. The 95% confidence limits for each estimate are
determined and goodness of fit of the response data to the regression model should be
assessed either graphically or statistically. Regression analysis should be performed using
individual replicate responses, not treatment group means.

92.EC5p estimates and confidence limits may also be obtained using linear interpolation with
bootstrapping (18), if available regression models/methods are unsuitable for the data.

93.For estimation of the LOEC and hence the NOEC, it is necessary to compare tteatmen
means using analysis of variance (ANOVA) techniques. The mean for each concentration
is then compared with the control mean using an appropriate testmetgdd§ nnet t ’
Williams tests) (19) (20) (21) (22) . |t
assumption of normal distribution (ND) and variance homogeneity (VH) of variance
holds. This assessment should be performed by Sh#filks-t e st ( ND) or Lev
(VH). Failure to meet the assumption of ND and homogeneity of variances can
sometimes & corrected by logarithmic transformation of the data. If heterogeneity of
variance and/or deviation from ND is extreme and cannot be corrected by transformation,
analysis by methods such as Bonferrdvelch-t-test, stepdown Jonkheere Terpstra test
and BmferrontMedianTest should be considered. Additional guidance on determining
the NOEC can be found in (16).

S,

REPORTING
94.The test report includes the following details:

Test chemical

Mono-constituent substance:
- physical appearance, water solubility, additional relevant physicochemical
properties;

- chemical identification, such as IUPAC or CAS name, CAS number, SMILES or
InChl code, structural formula, purity, chemical identity of impurities as appropriate
and practically feasible, etc.

Multi-constituet substance, UVBCs and mixtures:

- characterised as far as possible by chemical identity (see above), quantitative
occurrence and relevant physicochemical properties of the constituents.
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Test species
- scientific name and source.

Test conditions
duration ad conditions of establishment phase;

test procedure used (static, sestatic, pulsed);
date of start of the test and its duration;
test mediumi.e. sediment and liquid nutrient medium;

- description of the experimental design: growth chamber/room or lappreest
vessels and covers, solution volumes, length and weight of test plants per test vessel at
the beginning of the test, ratio of sediment surface to water surface, sediment and
water volume ratio;

- test concentrations (nominal and measureapasopriate) and number of replicates
per concentration;

- methods of preparation of stock and test solutions including the use of any solvents or
dispersants;

- temperature during the test;
- light source?sYyrradiance (pPE-m

- pH values of the test and doosl media as well as appearance of test media at test
initiation and end;

- oxygen concentrations;

- the method of analysis with appropriate quality assessment data (validation studies,
standard deviations or confidence limits of analyses);

- methods for determation ofmeasurement variables.g, length, dry weight, fresh
weight;

- all deviations from this test method.

Results

- raw data: shoot length and shoot weight of plants/pot and other measurement
variables in each test and control vessel at ebskrvation and occasion of analysis
according to the assessment schedule provided in Table 1;

- means and standard deviations for each measurement variable;

- growth curves for each concentration;
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doubling time/growth rate in the control based on shoot lesnyihfresh weight
including the coefficient of variation for yield of fresh weight;

calculated response variables for each treatment replicate, with mean values and
coefficient of variation for replicates;

graphical representation of the concentrationéffelationship;

estimates of toxic endpoints for response variablg€ECso, and associated
confidence intervals. If calculated, LOEC and/or NOEC and the statistical methods
used for their determination;

if ANOVA has been used, the size of the effectohitcan be detecteé.g the
minimum significant difference);

any stimulation of growth found in any treatment;
any visual signs of phytotoxicity as well as observations of test solutions;

discussion of the results, including any influence on the outocdie test resulting
from deviations from this test method.
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Appendix 1

SMART AND BARKO MEDIUM C OMPOSITION

Component Amount of reagent added to water* (mgl)
CaChe 20 H 91.7
MgSG,e 720 H 69.0
NaHCGOs 58.4
KHCO3 154
pH (air equilibrium) 7.9

* demineralsed (i.e. distilled or deionised) water
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Appendix 2

DEFINITIONS

Biomassis the fresh and/or dry weight of living matter present in a population. In this test
the biomass is the sum of main shoot, all lateral branches and all roots.

Chemicalis a substance or a mixture.

Chlorosis isthe change of the color from green to yellowing of test organism especially of
the whorls.

ECx is the concentration of the test chemical dissolved in test medium that results in a X%
(e.g 50%) reduction in growth ofyriophyllum spicatunwithin a stated xposure period

(to be mentioned explicitly if deviating from full or normal test duratioiip
unambiguously denote an EC value deriving from growth rate or yield the symBdlisE

used for growth rate and yE" is used for yield, followed by the measurement variable
used,e.g E.C (main shoot length).

Growth is an increase in the measurement variablg, main shoot length, total lateral
branches length, total shoot length, total root lenfgésh weight, dy weightor number of
whorls, over the test period.

Growth rate (average specific growth rate) is the logarithmic increase in the measurement
variable during the exposure periodote Growth rate related response variables are
independent of the duratiasf the test as long as the growth pattern of unexposed control
organisms is exponential.

Lowest Observed Effect Concentration(LOEC) is the lowest tested concentration at
which the chemical is observed to have a statistically significant reducing effgobwth

(at p <0.05) when compared with the control, within a given exposure titaeever, all

test concentrations above the LOEC should have a harmful effect equal to or greater than
those observed at the LOE@Vhen these two conditions cannot be sedtsf a full
explanation should be given for how the LOEC (and hence the NOEC) has been selected.

Measurement variablesare any type of variables which are measured to express the test
endpoint using one or more different response variables. In this tdsbdnmain shoot
length, total lateral branches length; total shoot length, total root Ieingsh, weight, dry
weightand number of whorls are measurement variables.

Monoculture is a culture with one plant species.
Necrosisis dead (i.e. white or darkdawn) tissue of the test organism.

No Observed Effect Concentration(NOEC) is the test concentration immediately below
the LOEC.
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Response variables a variable for the estimation of toxicity derived from any measured
variable describing biomass by diféeit methods of calculation. For this test method growth
rate and yield are response variables derived from measurement variables like main shoot
length, total shoot length, fresh weight, dry weight, or number of whorls.

Semistatic (renewal) testis a testin which the test solution is periodically replaced at
specific intervals during the test.

Static testis a test method without renewal of the test solution during the test.
Test chemical is any substance or mixture tested using this test method.

Test enghoint describes the general factor that will be changed relative to control by the
test chemical as aim of the test. In this test method the test endpoint is inhibition of growth
which may be expressed by different response variables which are based annoore
measurement variables.

Test mediumis the complete synthetic growth medium on which test plants grow when
exposed to the test chemical. The test chemical will normally be dissolved in the test
medium.

UVCB is a substance ainknown or variable coposition, complex reaction product or
biological material

Yield is value of a measurement variable to express biomass at the end of the exposure
period minus the measurement variable at the start of the exposure period. Note: When the
growth pattern of unexposed organisms is exponential,-pigded response variabhesl
decrease with the test duration.
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