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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Ecotoxicological test systems are applied to obtain information about the effects of contaminants
in soil and are proposed to complement conventional chemical analysis (see References [2] and [4]).
Reference [2] includes a list and short characterization of recommended and standardized test systems
and Reference [4] gives guidance on the choice and evaluation of the bioassays. Aquatic test systems
with soil eluate are applied to obtain information about the fraction of contaminants potentially
reaching the groundwater by the water path (retention function of soils), whereas terrestrial test

systems are used to assess the habitat function of soils.

Soil-¢
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Colle

o
P
animals for a variety of endogeic and epigeic invertebrates and they contribute to,de
bsses in soils. In acidic soils they are probably the most important soil invettebr
ytraeids with respect to that function, since earthworms are typically absent[19] 4
imbola represent arthropod species with a different route and a diffefent rate
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species were used most commonly, Folsomia candida Willem, Folsomia fimetaria L.

resulted in the development and standardization of a biological test method for dete
1 and sublethal toxicity of samples of contaminated soil to Colembola.l1%] The meth
 includes four species, Orthonychiurus folsomi, Proisotoma_fainuta, F. candida, and F. f
lardized test systems using Collembola as indicator opganisms for the habitat fung
her two methods exist. One is designed for assessing the effects of substances on the 1
it of the Collembola, F. fimetaria and F. candida in soill221[121], and the other method des
es on testing contaminated soil. Optionally the method can be used for testing subst
hindard soils (e.g. artificial soil) for their sublethalkhazard potential to Collembola.

documentdescribesamethod thatisbased ofithe determination of sublethal effects of cq
to adult Collembola of the species Folsomia candida Willem. The species is distributed
ys a similar ecological role to F. fimetarill0l119], F, candida reproduces parthenogenet
sily accessible species as it is commercially available and easy to culture. F. candida i:
a representative of soil arthropods and Collembola in particular. Background inform

nct Collembolan species_inhabit various ecological niches at different soil depths and|
ypes across the globe. Although considered a surrogate species and therefore freque

ecotgxicological reproduétion tests, F. candida is not common in most natural soils.[28] F

spec
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other
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worl
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es specific morpholegical adaptations can influence exposure and toxic effects of c
hisms.[102] Thus, the use of a variety of Collembolan species representing different m

gy of springtails and their use‘in ecotoxicological testing is available in Reference [22].

ringtails are
romposition
ites besides
\dditionally,
bf exposure
s of which
Onychiurus

tus, and Orchesella cincta.l29 Numerous soil toxicity tests suppoktéd by Environment Canada

rmining the
bd prepared
imetaria. As
tion of soil,
eproductive
cribed here,
hnces added

ntaminated
worldwide.
ically and is
considered
ation on the

in different
ntly used in
urthermore,
hemicals on
brphological

[tations can be-advantageous to obtain a broad spectrum of sensitivities for this group. Therefore,
species like F. fimetaria (euedaphic, distributed worldwide and found in agricultui
hirus yoddi (an euedaphic Asian species,3l Proisotoma minuta (hemiedaphic,
Hwideand inhabiting agricultural soils [311136]), Protaphorura fimata (euedaphic, occuj

al soils(28]),
distributed
ing through

temperate to cold zones (31], [37]) and Smella curviseta (epedaphic, distributed from No

rth America
(Annex E).

These species have been used as ecotox1colog1cal test spec1es before but avallable testing experience is
limited.

Effects of substances are assessed using a standard soil, preferably a defined artificial soil substrate.
For contaminated soils, the effects are determined in the soil to be tested and in a control soil. According
to the objective of the study, the control and dilution substrate (dilution series of contaminated soil) are
either an uncontaminated soil comparable to the soil to be tested (reference soil) or a standard soil
(e.g. artificial soil).

NOTE The stability of the test substance cannot be ensured over the test period. No provision is made in the
test method for monitoring the persistence of the substance under test.
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ISO 11267:2023(E)

Soil quality — Inhibition of reproduction of Collembola
(Folsomia candida) by soil contaminants

1 Scope

This document specifies one of the methods for evaluating the habitat function of soils and determining

effec
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Normative references

10694, Soil quality — Determination of organic and total carbon after dry combustion

ilimentary uptake. This document also provides information on how to use this metho
fances under temperate conditions.

chronic test described is applicable to soils and soil materials of unknown qualif
nminated sites, amended soils, soils after remediation, industrial, agricultural or of
brn and waste materials.

method is not applicable to volatile substances, i.e. substances fof-which H (Henry's

following documents are referred to in the text.in such a way that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

0390, Soil, treated biowaste and sludge —-Retermination of pH

sis)

1260, Soil quality — Determination of effective cation exchange capacity and base sat
barium chloride solution

1277, Soil quality — Détermination of particle size distribution in mineral soil material
1465, Soil quglity — Determination of dry matter and water content on a mass basis —

od

8400-206; Soil quality — Sampling — Part 206: Collection, handling and storage of soil u
tions\for the assessment of microbiological processes, biomass and diversity in the labora

by dermal
d for testing

y, e.g. from
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

3.1

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

contaminant
substance or agent present in the soil as a result of human activity

©ISO
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effect concentration for x % effect
concentration (mass fraction) of a test sample or a test substance that causes x % of an effect on a given

end-point w

EXAMPLE

ithin a given exposure period when compared with a control

An EC50 is a concentration estimated to cause an effect on a test end-point in 50 % of an exposed
population over a defined exposure period.

Note 1 to entry: The ECx is expressed as a percentage of soil to be tested (dry mass) per soil mixture (dry mass).
When substances are tested, the ECx is expressed as mass of the test substance per dry mass of soil in milligrams

per kilogram

3.3

ERx

effect rate fi
rate of a co
period wher

3.4

limit test
single concq
dilution or t

3.5

LOEC
lowest obsé
lowest test §
with the cor

Note 1 to ent
tested. All te
the control.

3.6

LOER
lowest obse
lowest rate
(p<0,05)w

3.7

NOEC

no observed
highest tesf
significant g

Note 1 to ent

r x % effect
taminated soil that causes x % of an effect on a given end-point within a)given expd
) compared with a control

ntration test consisting of at least four replicates each, the sgil*to be tested withou
he highest concentration of test substance mixed into the control soil (3.11) and the co

rved effect concentration
ubstance concentration that has a statistically sighificant effect (p < 0,05) when comg
trol

ry: In this test, the LOEC is expressed as a_mass of test substance per dry mass of the soil
5t concentrations above the LOEC should wsually show an effect that is statistically different

ved effect rate
bf a contaminated soil tésted in a control soil (3.11) that has a statistically significant g
hen compared with the control

effect congentration
substance' concentration immediately below the LOEC (3.5) at which no statist
ffect isobserved when compared to the control

ry:-n this test, the concentration corresponding to the NOEC has no statistically significant

sure

[ any
ntrol

ared

to be
from

ffect

cally

bffect

(p < 0,05) wi

3.8
NOER

Lo 3 HP | L. | sl ol 4+ 1
LIITIT A SlVCll CAIJUDLll C lJCl TUU WIITII LUllllJCll CU VWILIT UIIT CUILIUT UL,

no observed effect rate
highest rate of a contaminated soil to be tested immediately below the LOER (3.6) at which no

statistically

3.9
reference s

significant effect is observed when compared to the control

oil

uncontaminated soil with comparable pedological properties (nutrient concentrations, pH, organic
carbon content and texture) to the soil being studied
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3.10

standard soil

field-collected soil or artificial soil whose main properties (pH, texture, organic matter content) are
within a known range

EXAMPLE Euro soils, artificial soil, LUFA standard soil.
Note 1 to entry: The properties of standard soils can differ from the soil to be tested.

3.11

control soil
reference soil (3.9) or standard soil (3.10) used as a control and as a medium for preparing dilution series
with|soils to be tested or a reference substance, which fulfils the validity criteria

Note [l to entry: In the case of natural soil, it is advisable to demonstrate its suitability for a testand|for achieving
the tgst validity criteria before using the soil in a definitive test.

3.12
test mixture
mixture of contaminated soil or the test substance (e.g. chemical, biosoljdjwaste) with contfol soil (3.11)

3.13
test mixture ratio
ratio|between the soil to be tested and the control soil (3.11) infa test mixture (3.12)

4 Principle

The ¢ffects on reproductive output of 10 d to 12 d eld Collembola (F. candida) exposed to the soil to be
testgd are compared to those observed in a control soil. If appropriate, effects based on exposure to a
test mixture of contaminated soil and control seil or a range of concentrations of a test substance mixed
into gontrol soil are determined. Test mixtures are prepared at the start of the test and are not renewed
with|n the test period.

The [Collembola are incubated until‘offspring (F;) emerge from eggs laid by mature adylts, and the
number of offspring is determined. Usually offspring emerge within 28 d in control expeiliments. The
results obtained from the tests-are compared with a control or, if appropriate, are used tp determine
the concentrations which catiseno effects on mortality and reproductive output (NOER/NQEC) and the
concentration resulting inx % reduction of juveniles hatched from eggs compared to the control (ERx/
ECx, P8 d) respectively,

If tegting a concentration series, all test dilutions/concentrations above the LOER/LOEC haye a harmful
effect equal to er'greater than that observed at the LOER/LOEC. Where there is no prior khowledge of
the cpncentration of the soil to be tested or the test substance likely to have an effect, then it is useful to
conduct thestest in two steps.

ect dilution/
. Dilutions/

ArCacute toxicity test (range-finding test) is carried out, to give an indicati
once attom—and e—dti 16 conce Ttic oHvHTE v ortatity—N

U U U d U = d
concentrations to be used in the definitive test can then be selected.

— A definitive test on the reproductive output determines sublethal effects of (dilutions of) the
contaminated soil or the concentration of a substance which, when evenly mixed into the standard
soil, causes no significant effects on numbers of offspring hatched from eggs compared with the
control (NOER/NOEC), and the lowest concentration causing effects (LOER/LOEC).

A reference soil shall be used to demonstrate the appropriate status of the test population, and to avoid
misinterpretation of results.

©1S0 2023 - All rights reserved 3
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5 Reagents and material

5.1 Biological material, in this test, 10 d to 12 d old juvenile springtails of the species Folsomia
candida Willem are used (see A.1 for details on synchronization of breeding).

5.2 Test mixture, which may consist of field-collected soil, waste material or control soil amended

by the tests

ubstance.

5.2.1 Field-collected soil or waste

The sample
waste matej
material, or

The field-co
coarse frag
sieving. Stoj
with ISO 18
sorption to 1
time immed

[S] can be field-collected soil from an industrial, agricultural or other site of concef
ials (e.g. dredged material, municipal sludge from a wastewater treatment plant, comfj
manure) under consideration for possible land disposal.

lected soils used in the test shall be passed through a sieve of 4 mm square imesh to rej
ments and thoroughly mixed. If necessary, soil may be air-dried without/heating b
age of soil to be tested should be as short as possible. The soil shall be stored in accord
400-206 using containers that minimize losses of soil contaminants by volatilizatior]
he container walls. If soils or test mixtures have been stored, they'should be mixed a s¢

n, or
osed

nove
bfore
ance

and
cond

iately before use. Soil pH should not be corrected as it can influence bioavailability of soil

contaminants.

For interpretation of test results, the following characteristics shall.bé determined for each soil sanppled
from a field fite:

a) pH inadcordance with ISO 10390,

b) texture|(sand, loam, silt) in accordance with ISO 11277,

c) water cpntent in accordance with ISO 11465,

d) water-hjolding capacity according to Annex®

e) cationidexchange capacity in accordance with 1SO 11260,

f) organic|carbon in accordance with{SO 10694,

g) percentpge of material (mineral-and organic) removed by the 4 mm sieve.

The water hplding capacity ef-all mixtures used in the test should also be measured.

5.2.2 Control soil, either a reference soil or a standard soil that allows the presence of Collembola.

Control soil
soil).

a)

If referd

and soil‘used for dilution shall not differ in one test (either a reference soil or a stan

riee soils from uncontaminated areas near a contaminated site are available, they s}

dard

jould

be treated and characterized Iike the soils to be tested. IT a toxic contamination or unusual soil

propert

b)
be used

ies cannot be ruled out, standard control soils should be preferred.

as test substrate. The properties of the field-collected standard soil shall be reported.

For testing the effects of substances mixed into soil, standard soils (e.g. artificial soil, LUFA) shall

The substrate called artificial soil can be used as a standard soil and has the following composition:

21

Sphagnum peat finely ground [a particle size of

Percentage expressed on dry mass basis

10 %
mm is acceptable] and with no visible plant

remains

© IS0 2023 - All rights reserved
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Kaolinite clay containing not less than 30 % kaolinite

ISO 11267:2023(E)

20 %

ndustrial quartz sand (dominant fine sand with more 69 %

than 50 % of particle size 0,05 mm to 0,2 mm)

Approximately 0,3 % to 1,0 % calcium carbonate (CaCO;, pulverized, analytical grade) are necessary
to get a pH of 6,0 = 0,5. Further guidance on how to proceed on the adjustment of pH of artificial soil is

avail

NOTE 1

able in Annex C.

peat has proven to be sufficient for maintaining the desired structure of the artificial soil.

Taking the properties of highly non-polar (log Kow > 2) or ionizing substances into account, 5 % of

NOTH

outpuit when tested in field soils with lower organic carbon content (e.g. 2,7 %), and there-isiex

this ¢
defin
criter

Prep

listed above thoroughly in a large-scale laboratory mixer. A portion of the deionized wa

is ad
subs
of th
imm
to eq
soil 1

appr
capa

The {
accol

5.3

A su
avail
test 4

5.4

To erf
a ref

Bori

an interlaboratory test and are recommended as reference substances.

2 It has been demonstrated that F. candida can conform to the validity criteria even oh

an be achieved in artificial soil with 5 % peat. Therefore, it is not necessary, before using sy
tive test, to demonstrate the suitability of the artificial soil for allowing the test to’conform t
ia unless the peat content is lower than that specified above.

are the artificial soil at least three days prior to the start of the test, by mixing the dry

ded during mixing. Allowance should be made for any water that\s used for introdu
Fance into the soil. The amount of calcium carbonate required(¢an vary, depending o
e individual batch of sphagnum peat and should be detérmined by measuring
pdiately before the test. Store the mixed artificial soil at)reom temperature for at leg
uilibrate acidity. To determine the pH and the maximum water holding capacity, the d
s pre-moistened one or two days before starting the test by adding deionized wat
pximately half of the required final water content@f 40 % to 60 % of the maximum wj|
City.

otal water-holding capacity shall be determiried according to Annex B; the pH shall be
ding to ISO 10390.

Food

fficient amount, for example, 2 mg to 10 mg, of granulated dried baker’s yeast, c
able for household use, is added to each container as a suitable food source, at the begi
ind after about two weeks:

Reference substance

sure the quality/of the test system, tests should be performed regularly (once or twice
brence substance.

acid and'the plant protection product Betosip! (a.i. 157 g/1 phenmedipham) have be

reproductive
berience that
ch a soil in a
p the validity

tonstituents
er required
ring the test
1 properties
sub-samples
st two days
Iry artificial
er to obtain
ater holding

determined

mmercially
nning of the

a year) with

en tested in

WAR?
ingestion

NOTE 1

or skin contact.

Boric acid: Effects on reproductive output (i.e. EC50) are observed at concentrations of

aken to avoid

147 mg boric

acid per kilogram of artificial soil (dry mass), 111 mg boric acid per kilogram of artificial soil with 5 % peat, and
169 mg boric acid per kilogram of clay loam soil for F. candida.[31121]- Taking into consideration these data and due
to the variability of organism sensitivity, an EC50 value between 50 mg and 175 mg boric acid/kg dry mass of
artificial soil is acceptable based on current laboratory experience and in previous studies [193],[104],

NOTE 2  Betosip: Effects on reproductive output (@ = 0,05) are observed at concentrations between 100 mg
and 200 mg of the product per kilogram of the substrate (dry mass).

1) Betosipisan example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.
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6 Apparatus

Use laboratory equipment and the following apparatus:

6.1 Test containers made of glass or other chemically inert material of about 100 ml capacity and
with a diameter of about 5 cm, with lids (e.g. plastic, glass discs or parafilm, able to be closed tightly).

6.2 Apparatus to determine the dry mass of the substrate in accordance with ISO 11465.

scale laboratory mixer for the preparation of the test mixture (5.2).

6.3 Large
6.4

6.5 Appail
6.6 Appal
6.7

6.8 Testd
6.8.1 Enc
6.8.2 Ligh

surface ata

7 Procedure

7.1 Expe

7.1.1 General

A sample of]
for toxicity
by mixing

concentratztlns is prepared-by mixing quantities of the test substance with a standard soil (e.g. arti

soil). The c
soil (5.2.2).
the definitiy

SuitaLle accurate balances.

Exhauster for transfer of springtails (see A.2).

ratus capable of measuring pH.

atus to determine water-holding capacity of the substrate (see B.2).

nvironment.
osure, capable of being controlled to a temperaturewf)(20 * 2) °C.

it source, capable of delivering a constant light intensity of 400 Ix to 800 Ix at the subs
controlled light: dark cycle of between 12 h:1:2'h and 16 h:8 h.

rimental design

field-collected soil-can be tested at a single concentration (typically 100 %) or evaly
in a multi-conceritration test whereby a series of concentrations (dilutions) is prep
measured quantities with a control soil (5.2.2). When testing substances, a seri

centratiens being expressed in milligrams of test substance per kilogram of dried co
Depending on the knowledge of relevant response levels a range-finding test may pr¢
e test-Each definitive test consists of a series of soil mixtures (treatments).

trate

jated
ared
bs of
icial
trol
cede

7.1.2 Ra

ge-fimding test

A testto find the range of contaminated soil mixture ratios (e.g. 0 %, 1 %, 5 %, 25 %, 50 %, 75 %, 100 %)
or concentrations of the test substance (e.g. 0 mg/kg, 1 mg/kg, 10 mg/kg, 100 mg/kg, 1 000 mg/kg)

affecting Co

llembola is optional. The range-finding test is conducted without replication.

When no effects are observed, even at 100 % contaminated soil or at concentrations of 1 000 mg test
substance per kilogram of standard soil (dry mass), the definitive test can be designed as a limit test.

Each test container (replicate) is filled with 30 g wet mass of the test sample. To ensure easy migration
of springtails, the substrate in the test container should not be compressed.

Use 10 specimens of 10 d to 12 d old Collembola per container. Prepare the test containers as indicated
in 7.2.1. Place the test containers in the test enclosure (6.8.1) with the light source (6.8.2).
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At the beginning of the test, add about 2 mg of granulated dry yeast (5.3) to each test container, and
cover the containers tightly (e.g. using plastic, glass discs or parafilm). Open the test containers briefly
twice a week to allow aeration.

After 14 d, count the live Collembola in each container, and determine the percentage mortality for each
test substance concentration. Also, observe surviving Collembola and record any symptoms. Due to the
rapid degradation of dead Collembola, missing Collembola are assumed to have died during the test
period.

NOTE To obtain additional information for the determination of the concentration range for the final test,
the test period can be extended to four weeks to allow qualitative determination of effects at concentrations at
whic

effects on reproductive output can be expnected
r r r

7.1.3 Definitive test

The fdesign of the definitive test depends on the test objectives. Typically, the-habitat properties of

samyj
soil
or at]
disti
prop
ther

If for
poss

I
I

I

les of a field-collected soil are characterized by comparison of the biological effects

o be tested with those found in a reference soil, or if not available or not"appropriate dy
ypical physicochemical characteristics, in a standard soil. Results for the standard §
hguishing contaminant effects from non-contaminant effects «cdused by soil phyq
erties. Regardless of whether a reference soil or standard soil is used for the statistical ¢
esults from standard soil shall be used to judge the validity @nd acceptability of the te{

characterization purposes a test design including dilution series is required, three
ble (the concentrations shall be spaced by a factor notiexceeding 2).

‘or the NOEC/NOER approach, at least five concertrations in a geometric series sho
Four replicates for each concentration plus eight controls are recommended.

A lin]

To fa
conc

Each
of Co

7.2

‘or the ERx/ECx approach, 12 concentrationsshould be used. Two replicates for each cq
lus six controls are recommended. The spacing factor can be variable; smaller atlow con
rger at high concentrations.

or the mixed approach, six coricentrations to eight concentrations in a geometric s
e used. Four replicates for each concentration plus eight controls are recommended

dpproach allows a NOEC as-imell as an ERx/ECx evaluation.

it test can be sufficient ifho toxic effect is observed in the range-finding test.

cilitate checking ofthe pH and humidity of the test sample, use of additional contain
bntration and fetrthe control is recommended.

test container (replicate) is filled with 30 g wet mass of the test sample. To ensure ea
llembold; the substrate in the test container should not be compressed.

Preparation of test mixture

found in the
e to toxicity
oil assist in
icochemical
bmparisons,

t20],
designs are

hld be used.

ncentration
centrations,

bries should

This mixed

ers for each

y migration

7.2.1 Testing contaminated soil

According to the selected dilution range, the soil to be tested is mixed with the reference soil or the
standard soil thoroughly (either manually or by using a hand mixer). The homogeneity of the mixture is
checked visually. The total mass of the soil to be tested and the reference soil or the standard soil shall
be 30 g (wet mass) in each test container (6.1). The test mixture shall be wetted with deionized water
to reach 40 % to 60 % of the total water holding capacity determined according to Annex B. In some
cases, for example, when testing waste materials, higher percentages are required. A rough check of the
soil moisture content can be obtained by gently squeezing the soil in the hand; if the moisture content is
correct, small drops of water should appear between the fingers.

Determine the pH for each test mixture (one container per concentration) according to ISO 10390 at the
beginning and end of the test (when acid or basic substances are tested, do not adjust the pH).
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Proceed simultaneously with at least four replicates per concentration and the control(s).

WARNING — Contaminated soils can contain unknown mixtures of toxic, mutagenic, or
otherwise harmful substances or infectious microorganisms. Occupational health risks can
arise from dust or evaporated substances as well as via dermal contact during handling and
incubation.

7.2.2 Testing substances added to the test substrate

A standard soil (5.2.2) is used to prepare the test sample. For each test container (6.1), the mass of
the substrate used shall be 30 g (wet mass). Substances are added to the test substrate and are mixed
thoroughly.

For the intrgduction of test substances use either method a), b) or c), as appropriate:
a) Water-goluble substance

— Imrmediately before starting the test, dissolve the quantity of the test substance in the wafer or
a portion of it required to wet the soil samples for the replicates of onecgncentration in ¢rder
to meet the requirements of 5.2.2, and mix it thoroughly with the soil before introducing if into
theltest containers.

b) Substarces insoluble in water but soluble in organic solvents

— Dissolve the quantity of test substance required to obtain the desired concentration in a vojatile
solyent (such as acetone or hexane); mix it with a portien of the quartz sand required. After
evaporating the solvent by placing the container underya fume hood, add the remainder qf the
soilland the water and mix it thoroughly before intreducing it into the test containers.

Ultrasonic dispersion, organic solvents, emulsifiers or.dispersants can be used to disperse substgnces
with low aqueous solubility. When such auxiliary substances are used, all test concentrations anild an
additional cpntrol should contain the same minimunt amount of auxiliary substance.

WARNING 1 Take appropriate precautigns'when dealing with solvent vapour to avoid danger
from inhalation or explosion, and to avoid damage to extraction equipment, pumps, etc.

c) Substar]ces insoluble in water or grganic solvents

— For|a substance insoluble, in a volatile solvent, prepare a mixture of 10 g of finely grpund
indfistrial quartz sand4{see 5.2.2) and the quantity of the test substance required to obtaip the
desjred concentration.’ Add that mixture to the remainder of the soil and the water and mix
thoroughly before\introducing it into a test container.

Base the concentrations selected to provide the LOEC/NOEC on the results of the range-finding|test.
Choose the |appropriate number of test concentrations above and below the LOEC/NOEC and yise a
spacing factpr not'exceeding 2.

[ IS lctianta L I PN NN Y PRSP Tielaoe sl 1nn
Substances mixed-into-the-stbstrate-donotneedtobetestedatconcentrations mger—tiair £ vu mg/

kg mass of test sample.

Proceed simultaneously with all replicates per concentration and the control(s) required according to
the selected approach.

Determine the pH for each test mixture (one container per concentration) according to ISO 10390 at the
beginning and end of the test.

7.2.3 Preparation of control container

The control container contains the control soil (5.2.2) moistened with deionized water to reach 40 % to
60 % of the total water holding capacity (determined according to Annex B).
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Perform one control container for the range-finding test and six to eight control containers for the
definitive test, depending on its experimental design (see 7.1.3).

Prepare the control containers in the same way as the test containers. If the preparation of the test
requires the use of a solvent (see 7.2.2), use an additional control prepared with solvent but without the
test substance. Cover the containers as indicated in 6.1.

7.3 Addition of the biological material

Ten juvenile Collembola (10 d to 12 d old) are placed in each test container. Collembola are tapped or
sucked from the breeding containers to transfer them to the test containers. This can easily be done

using an exhauster as described in A.2. Before being transferred to the test containers, or

1

cou

An €]

ed and checked for damage both to reduce control mortality and to avoid systematic’f

kample for rearing and breeding the standard species Folsomia candida is proyided in 4

ganisms are
rial errors.

\nnex A and

for alternative test species in Annex E.

7.4 | Test conditions and measurements

At thle beginning of the test and after a period of 14 d, add about 2 mg'6f granulated dry y
each|test container, and cover the containers tightly (e.g. using plastic, glass discs or par
the test containers briefly twice a week to allow aeration.

east (5.3) to
hfilm). Open

Dete ne vessel of

each

F'mine the water content and the pH of the soil at the beginning and end of the test for
test conditions. When acidic or basic substances aretested, do not adjust the pH.

Aftel
for W

two weeks, check the water content by reweighihg the additional test containers, and
ater loss if it exceeds 2 % of the initial water gontent.

compensate

7.5 | Determination of surviving Collembola

Dete
onto
wate
Coun

rmine the number of Collembola present four weeks after introducing the parental Collembola
the test and control substrates( Pour the test sample into a 500 ml to 600 ml contaipner and add
. After gentle stirring of the suspension with a spatula, Collembola drift to the water surface.
t adults and juveniles, if présent, by a suitable procedure (see Annex D) and report the|numbers.

NOTH broven to be

effec

1
ive.

Other extraction.methods (e.g. high-gradient extraction) can be used if they have

NOTH htions in the

proce

2 When Collembola species other than F. candida are used in the test, some modific
dures of 7.3, Z4'and 7.5 can be necessary (see Annex E).

8 Calculation and expression of results

Calculation

8.1

For each dilution or concentration, determine the percent mortality and number of offspring produced
after a period of four weeks.

8.2 Expression of results

A graphical presentation of the mean values of the end-points including standard deviation of the
measured values against the soil(s) to be tested, control soil(s) or the selected series of test mixture
ratios should be prepared. This comparison or curve gives an impression of the quality of effects and
their magnitudes. Express the mixture ratio as based on soil dry mass.
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If dilution or concentration series are performed, indicate:

— in the ERx/ECx approach - the % soil to be tested based on dry mass or in milligrams per kilogram
of dried soil substrate, the median percent dilution of contaminated soil or median concentration
of the test substance, which reduces the number of juvenile springtails to 50 % (EC50) compared to
the control within the test period;

in the NOER/NOEC approach - the soil mixture ratio immediately below the LOER/LOEC or
highest tested concentration/rate of a test substance which, when compared to the control, has no
statistically significant lethal or other effect such as on reproductive output (p < 0,05).

9 Validity of the test

The results pre considered to be valid if:

the morf

tality of the adults in the control(s) does not exceed 20 % at the end of the/tést;

— the repfoduction rate reaches a minimum of 100 juvenile springtails per controlwvessel; and

the coef

ficient of variation of reproductive output in the control does not€xéeed 30 %.

See E.6.6 foff Collembola species other than F. candida.

10 Statistical analysis

10.1 Genefal

Most of test|methods with sub-lethal end-points, for example, reproductive output, involve quantitative

effects, e.g.
as mortality

Guidance gi
problems th|
guard again
for more inf]
statistician.

10.2 Singl

Quantitative
methods. Fd
first step if 1

Counting juvenile springtails. Quantal effeets may also be measured in the same test,
after four weeks exposure.

ven here for statistical evaluationtof test results aims to make the investigator awa
at can arise in consequence of a test design selected. Computer programs do not neces§
st violations of rules that carncause erroneous analyses. It is strongly recommended tg
prmation in specific guidance documents (e.g. as provided by Reference [9]) or to cont

p-concentration'tests

e single-coneentration tests (e.g. effects on reproductive output) have different statiy
r sampling\at several locations with field replication, an analysis of variance (ANOVA|
esults are/suitable. If the null hypothesis of no difference is rejected, the analysis prog

such

re of
arily
look
acta

tical
isa
eeds

to one of seyeral multiple-comparison tests[2l.

An example|ofid single-concentration test for quantitative effects can be counting juvenile Collenibola
as the end-point of effects on reproductive output after exposure to a sample of undiluted contaminated
soil, compared to numbers of offspring exposed to a reference or standard soil. If there is only one
mixture tested, and one control sample, without any replicates, results can be not compared by any
statistical test. In a quantitative test with replication for the soil to be tested (material) and for the
control soil, a standard t-test is suitable for statistical analysis.

ANOVA involving multiple comparisons of end-point data derived for undiluted soil to be tested
including field replicates of field-collected soil from more than one sampling location is commonly used
for statistical interpretation of the significance of quantitative findings from soil toxicity tests. This is a
hypothesis-testing approach, and is subject to appreciable weaknesses[?l. The parametric analyses (e.g.
ANOVA and multiple comparisons) for such data assume that the data are normally distributed, that
the treatments are independent, and that the variance is homogenous among the different treatments.
These assumptions shall be tested. If the data satisfy these assumptions, analysis may proceed. If not,
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data may be transformed and tested again. As parametric tests are reasonably robust in the face of
moderate deviations from normality and equality of variance, parametric analysis should proceed, even
if moderate nonconformity continues after transformation[2l. If the original or transformed data do not
satisfy either test for distribution of data, then analysis by nonparametric methods shall be carried out.

10.3 Multi-concentration tests

10.3

.1 Range-finding test

If a clear dose-response is obvious, ERx/ECx-values can be estimated by using regression techniques

like

e determined

by e

10.3

A pd

aictieresrassion Funnhnn or nwnkﬂ- r\v\r\]11(‘|(‘ In
gisHeregt HE SFPprobie

pert knowledge.

otharcacac tha affact ranga chould bhao
et EaSeSsttne-erreer R ge-SnHotha o

2 Definitive test

int estimate (ERx/ECx-approach) is recommended as the best quantitative end-p

usually a specific degree of reduction in performance compared to the control. Linear ar

regri
to uy

Hypq

pssion methods are widely applied for statistical analysis. Operatorsishould be aware
derstand the judgements in selecting appropriate mathematical models.

thesis testing (NOEC-approach) is commonly used to identify dilutions (concentr

significant effects compared to the control. As this method ha§ many flaws it is not recon

futuy

Ther]
nega
legis

The

poss
thesé
resu

To ¢
appr
ECx i
by re
effec

First

IE

e use.

efore, in cases where various dilutions (concentrations) of each sample of field-collect
Live control soil are tested, data are preferably.analysed by the ECx approach, or if
ation, by the NOEC-approach:

Rx/ECx approach.

ble, the R2 should be 0,7 or higher.and the test mixtures used encompass 20 % to 80
e requirements are not fulfilledf expert knowledge is necessary for the interpretatio
ts.

pmpute an ERx/ECx value, the treatment means are used for regression analy

s obtained by inserting a value corresponding to x % of the control mean into the eq
gression analysis..Since ER50/EC50 values have smaller confidence limits compared ¥
t concentrations)(e.g. ER20/EC20), it is recommended to determine ER50/EC50 values

NOEC approdch.

of all,~a statistical analysis of the homogeneity of the variances shall be made, €.
an’s, test. With homogeneous data, an appropriate statistical analysis, for exampld,

int. This is
d nonlinear
f being able

hitions) with
imended for

ed soil with
required by

ERx/ECx-approach can only be used if a clear dose response relationship is found. Wherever

% effects. If
h of the test

bis after an

ppriate dose-response_function has been found (e.g. probit or logistic function). A desired ERx/

lation found
vith smaller

g. by using
a one-way

homogeneity

requirement is not fulfilled, it is recommended to evaluate if an appropriate transformatlon of the data
can solve the problem. Otherwise non-parametric methods, for example, the Mann & Whitney U-test or
the Bonferroni-U-Test, can be used.

If a limit test has been performed and the pre-requisites (normality, homogeneity) of parametric test
procedures are fulfilled, the Student-t-test, otherwise the unequal-variance t-test (Welch t-test) or a
nonparametric test, such as the Mann-Whitney-U-test, may be used.

In any case, the results of the statistical evaluation shall be interpreted biologically.
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11 Testreport

The test report shall include the following information:

a)
b)

c)

d)

f)

g)

h)

j)

k)

D)

12

areference to this document, i.e. ISO 11267;

the results, expressed as in 8.2;

detailed description of the test substance and information on physical and chemical properties if
helpful for the interpretation of the test result;

complete

description of the biological material employed (species, age, breeding conditions,

supplies

method
used for

results
detailed
atable g
number]

depend
effects

ER10/E
calculaf

descrip
the test

water ¢
the test

any ope

have afflected the results.

bbtained with the reference substance, if performed;

riving the percent mortality of adults at each concentration and in the control(s);

[LOER/LOEC), the highest rate/concentration causingrno observed effects (NOER/N
C10 and ER50/EC50 for the inhibition of reproductive output and the method use

fion of any pathological or other symptomsyor distinct changes in behaviour observ

)

of preparation of the test sample together with an indication of the auxiliary-subst3
a low-/non-water-soluble substance;

conditions of the test environment;

of dead or missing adults and number of offspring per test-container at the end of the

ngon the statistical approach selected, list the lowest rate/concentration causing signif

ion (optional);

organisms per test container;

bntent, pH and CEC of the soil to be tested and the control soil at the start and at the ¢
for each concentration;

rating details not specified in this International Standard, as well as any factors that

nces

fest;

icant
DEC),
d for

ed in

nd of

may
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Annex A
(informative)

Techniques for rearing and breeding Folsomia candida

Conditions for rearing and breeding

| Breeding substrate

Plastler of Paris (plaster for stucco, pH 6,4) and activated charcoal (pulverized”chemical

char
Depq
a hig
back

The |
pHc

A.1.]

Com
dept
wate
and 1
subs

Closd
with

The
CAU

A.1.]
For K
22 °(
16 h:

A.14

coal, pH 6 to 7), are mixed in a mass ratio of 8:1, but higher ratios (9:1 to1%:1) may 4
nding on the type of plaster, 60 g to 100 g of water are added to 100 g of.the'mixture. T
hly moist substrate, while the charcoal adsorbs waste gases and excretion product
oround facilitates observation.

bresence of water on the saturated substrate surface is essential for breeding Collem}j
in readily be determined by using pH indicators placed on this wet substrate surface.

2 Breeding containers

mercial plastic containers with a volume of about@00 ml should be used. Fill the coq
h of about 1 cm with the breeding substrate; and add deionized water to almost sat
r content can be maintained automatically byising an absorbent wick, implanted in t
unning to a water bath below the containetyor by supplying distilled water with a pipe
[rate is saturated but there is no water, standing on the substrate surface.

the breeding containers tightly using suitable covers; and aerate periodically (e.g. in
feeding) by lifting the cover for @ short time.

rovers may also be perforatedfor aeration by a needle.

ION — Care should be taken that predacious mites do not penetrate the contain
B Climatic conditions
eeping and bpeeding the Collembola, a climatic chamber with a controlled temperatur

and 70 %te-80 % relative humidity with constant lighting at 400 Ix to 800 ix (or ligh
B h) is thie most suitable.

L Food

ly activated
Iso be used.
his provides
s. The dark

ola; and the

tainers to a
iration. The
he substrate
tte until the

rombination

ers.

e of 20 °C to
t:dark cycle

For breeding and for the test, use granulated dry yeast as food supply. Feeding the breeding containers
once or twice a week is recommended, but to avoid spoilage by fungi, food should be applied in small
amounts at frequent intervals.

A.1.5 Transfer

After about eight weeks, transfer the Collembola to fresh breeding containers by tapping or blowing.
The transfer to fresh containers usually induces oviposition.

©ISO
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A.1.6 Test organisms of a standard age

To obtain 10 d to 12 d old juvenile Collembola for the test, transfer egg clusters from breeding containers
to a freshly prepared breeding substrate, using a fine spatula or hair brush. After 48 h, remove the egg
clusters and feed instars hatched from the eggs.

NOTE The egg clusters are easily removed if they are placed on small pieces of breeding substrate or cover
glasses laid on the breeding substrate, and juvenile Collembola collected after a further 10 d incubation.

Alternatively, 10 d to 12 d old juvenile Collembola can be obtained by placing a number of adult
Collembola in small containers with plaster of Paris in the base, and allowing them to lay eggs over a
two-day perind After this time remove the adults. Twelve dnyc after the first }'nvpnilpc have pmprged
from the eggs, they can be used for the test. To ensure successful synchronization, it is advisahle to
check the c¢ntainers for egg production before removing the adults. In some cases, the adults’dp not
start laying|eggs immediately, and only few eggs are produced in two days. If this is observed to b the
case, then keep the adults in the containers for an additional day or more.

For both methods, avoid overcrowding in the containers, as this may lead to reduced growth.|As a
consequence, the 10 d to 12 d old animals used for the test may be too small and met yet able to prqduce
a sufficient pumber of eggs to meet the requirements of the test.

A.2 Transfer of Collembola to the test containers

The Collembola are easily transferred from the breeding substratée.to the test sample by an exhayster.
An example|is shown in Figure A.1.

O— — _—
}
f
1
7\(.) 1 o
4
-
r—— J
‘ )
61O\ :
\ 3
5
Key
1 pipette tif 5 commercial aquarium pump
2 cylinder (L0 ml volume)+with rolled flange and plastic 6 regulator
cover for ¢ontrol of sucked Collembola
3 gauze 7 foot switch
rubber stopper

Figure A.1 — Low-suction exhauster apparatus for transfer of Collembola

The Collembola are sucked individually through a pipette tip to a small covered container to control
damage of Collembola. Care shall be taken to ensure that the suction of the pump is low to avoid damage
to the Collembola. After removing the cover, Collembola provided for one test container are transferred
onto the substrate surface of the test container.
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Annex B
(normative)

Determination of water-holding capacity

General

The 1
be te

B.2

B.2.]

B.2.7

B.2.]

B.2.4

B.2.%

B.3

Plug
test 4
tube
subs

As n
shou
sand

Weig

B.4

method described in this annex has been found to be appropriate for laboratory sampl
sted and standard soils.

Apparatus
Glass tube, approximately 20 mm to 50 mm diameter and at least-100 mm in lengt
! Water bath, at room temperature.
b Filter paper.
l  Drying oven, set to (105 £ 5) °C.

b Balance, capable of weighing with an aceuracy of = 0,1 g.

Procedure

the bottom of the tube with a filter paper or a very fine gauze, and after filling with t}
ample to a depth of 5 cm to Zcm, place the tube on a rack in a water bath. Gradually sy
until the water level is aboye the top of the soil, but below the upper edge of the tub
frate sample in the wateT for about 3 h.

bt all water absorbed-by the substrate capillary can be retained, the tube containing
Id be placed for aperiod of 2 h on very wet finely ground quartz sand for draining. The
as those used4orthe soil substrate shall be satisfactory.

h the sample, dry it to constant mass at 105 °C and reweigh it.

Calculation of water-holding capacity (Cy,y)

es of soils to

—

e control or
ibmerge the
e. Leave the

the sample
same quartz

Cwh =

Me —Mp —m
S TT "D w100
mMp

where

Cwy is the water-holding capacity, in percentage of dry mass, %;

mg is the mass of the water-saturated substrate plus the mass of the tube plus the

filter paper;

mr is the tare (mass of tube plus mass of filter paper);

my is the dry mass of substrate.
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Annex C
(informative)

Guidance on adjustment of pH of artificial soil

To estimate how much CaCOj is needed to obtain the desired pH (6,0 = 0,5), an artificial soil is prepared
by mixing peat, sand, kaolin and water as described in 5.2.2. Small portions are taken and mixed with

different amounts of CaCO,, e.g. corresponding with concentrations of 0,2 %, 0,4 %, 0,6 %, 0,8-% and
1,0 % dry mpss. From these portions, the pH is determined as described in ISO 10390 and the résulls are
graph of pH versus the amount of CaCO5. From this graph, the amount of CaCQO3 necegsary

plotted as a
to obtain a

H of 6,0 £ 0,5 can be estimated.

16
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Extraction and counting of Collembola

For extraction, two methods are available:

p g
escription is given in Reference [19].

by adding a drop of sewing-machine oil.

Counting of numbers can be carried out by eye or under light mitroscope using a grid pla

Annex D

ISO 11267:2023(E)

hn be used.

ssessment by flotation: For evaluating effects on reproductive output, the, juvenild Collembola
wimming on the surface of the watered substrate are counted. When reprgdiictive odutput is high,
he use of technical devices to facilitate counting is recommended. If the swimming j
istributed evenly over the water surface, a counting grid can be used and a sample
laken atrandom. Aggregations of instars on the water surface can bea\problem and can e prevented

lveniles are
for counting

ted over the

flotation vessel or by photographing the surface of each vessel )and later counting the Cdllembola on

enlarged print with a culture-counter. Counting may also be pérformed using digital camer

h equipment

and dligital image processing techniques. Normal photographic equipment is adequate for this purpose
(e.g. |single-lens reflex camera, macro-lens or other deyice for close-up photography). Shutter speed
shalllbe adjusted according to light intensity (e.g. flash or cold light source). A useful relation between a
suffitient projection format on a screen and the beaker volume is met with volumes of 50 ml to 100 ml.
To improve the contrast between white Colletibola and surrounding water surface, wjater can be

coloyred with dark ink. All techniques should be validated[12].

To ayoid errors in determining mortality of the parental Collembola, the number of live ad
on tHe water surface should be countedby using a binocular microscope.

Overgll, the average error of counting should not exceed 10 %.

ults floating
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Annex E
(informative)

Specific information of alternative Collembolan species other than
Folsomia candida

E.1 Gendral

When using

prerequisitgs should be fulfilled.

— The species used should be unequivocally identified.

— The ratjonale for selection of the species should be given.

— The valldity criteria of the test shall be met.

E.2 Geographic distribution and ecology

alternative Collembolan species for the test according to this guideline,, @ numbgr of

The geographic distribution and ecology of each of the alternative Collembolan species is presented in

Table E.1.

Table

E.1 — Geographic distribution and ecology of alternative Collembolan species

Spedcies

Geographic distribution

Ecology

Folsomia fimetaria

Distributed worldwide;common in several
soil types ranging from sandy to loamy soils
and from mull to mor Soils [28],

Preference for-agricultural systems and
other systems-with high organic matter
soils; oceurs-less frequently in meadows
and soils-of urban settlements [29],

Euedaphic, intermediate distribution wjithin
the 5 cm to 10 cm layer in soil [39],

Omnivorous feeding habit, including fungal
hyphae, bacteria, protozoa and detritjus in
its food [28],

Onychiurus ypdai

Asig 31l

Euedaphic species (permanent soil-dwell-
ers). Can form bisexual populations [34]-[34],

Orthonychiurus folsomi

€Common in soil environments in North
America, with distribution in Europe, China
and Australia.

Euedaphic detrivore, living primarily ﬂn the
interstitial spaces of soil, or under stones
or rotting wood on soil surface [33],

Proisotoma mintita

Worldwide distributed, exhibiting preference
for agricultural systems and systems with

Hemiedaphic species (intermediate veftical
distribution).

high organic matter soils [311.136],

Protaphorura fimata

Distributed through mild temperate to cold
zones [311[37],

Euedaphic species (permanent soil-dwell-
ers [38L[39]), Can form bisexual popula-
tions[301.132L[34], Herbivorous [34] May feed
on germinating lettuce seeds [41],

Sinella curviseta

Distributed in populations from North
America to Europe, Southeast Asia and
Japan [£2],

Epedaphic species (upper vertical distri-
bution).

Allonychiurus kimi Distributed Korea, China, and Japan [43]| Euedaphic.
common in paddy fields in Korea [44],
Yuukianura szeptyckii Distributed Korea, China, and Japan [45];|Hemiedaphic.

common on a soil surface near a stream [4€],

18
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Species

Geographic distribution

Ecology

Heteromurus nitidus

Widespread global distribution, usually
found on the upper layers of forest and
arable soils [47].[48],

H. nitidus predominantly lives in the litter
layer (euedaphic species) a habitat where

melanized and toxic fungi are most abun-
dant [48].[49],

H. nitidus, can also be found in the soil
surface layersl39], and is also considered a

hemiedaphic species [31],

Onychiurus armatus

Worldwide distribution, common in tem-

Euedaphic fungivores species [52],

perate soils [52],[53],

Orchgsella cincta

Distributed in Europe and Asia, occupying
a range of thermal habitats but mostly
found in temperate regions. Lives in the
litter layers, under bark or in moss on tree
trunks [541.[55],

Epedaphic species with lup
distribution [541.[36],

per vertical

Hypd

gastrura assimilis

Distributed worldwide; common in several
soil types.

Epi- to hemiedaphic species,
distribution within the 5 cm t
in soil; detritivores.

ntermediate
b 10 cm layer

Mesd

[phorura macrochaeta

Distributed worldwide; common in several
soil types.

Euedaphic, typically endogei

; detrivores.

E.3

The morphology and reproduction mode for each of the alternative Collembolan species is ]

Morphology and reproduction mode

bresented in

species

Table¢ E.2.
Thble E.2 — Morphology and mode ofxeproduction of the alternative Collembolan
Species Morphology Reproduct

ion mode

F. fimetaria

Elongated, eyeless and unpigmented (white);
Sexual dimorphism in adults (at least 20 days after hatching):

Females:(clearly larger than males with a curvy body and a
rathenTound head.

Males? more stick-like body and triangle shaped head; males
move generally faster than females [28],

Sexual; permai‘ent presence

of males requi

ed [28]

with rounded abdomen, downward-pointing mouthparts and

0. yodai Unpigmented body, lack of eyes and furca. They present relatively | Sexual
slow movement and have defensive pores (pseudocelli) [261.[37],
No sexual dimorphism can be perceived.

0. folsammi Small (up to 1,9 mm length), elongated, pale white integument,

Sexual; permanent presence
of males requm‘ed [35]

absence of anal spines; absence of ocelli, and lacking furca;
conspicuous sexual dimorphism (age-synchronization allows
for sexual differentiation); presence of females improve rate of
hatching success [33],

Females: when age-synchronized, larger than males (~2 mm),
with rounded abdomen.

Males: when age-synchronized, more slender and smaller (half
the size) than females.

© IS0 2023 - All rights reserved
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Table E.2 (continued)

Species

Morphology

Reproduction mode

P. minuta

Elongated greyish collembolans, with visible eyes and furca, and
the size of adults is around 1,1 mm [58].

Sexual dimorphism is not very pronounced, yet some research-
ersreported a rounder abdomen of the females and shorter and
slender size in males. Females are larger than males [33],

Sexual

P. fimata

Unpigmented body, with reduced compound eyes and furcal32l.
They present relatively slow movement and have defensive pores
(pseudocelli) [561.[57],

Sexual

No sexual dimorphism can be perceived.

S. curviseta

Longbodied (~2 mm [56]) brownish collembolans with long hair,
antennae and furca.

Sexual dimorphism is not very pronounced in adults, yet De
Lima etal. 2021 reported that with some training is possible to
distinguish males from females, since the later have a pronounced
and rounder fourth part of the abdominal segment (personal
communication from Maty P. Berg) [511.[59],

Sexual

A. kimi

Elongated, body length 2 mm to 3 mm, eyeless and unpigmented
(white) [43].144],

Sex ratio (% of females): 70,6 % (unpublished data),

Sexual (unpublished d|

ata)

Y. szeptyckii

Elongated, body length 1,5 mm to 1,7 mm, eyeless and-pigmented
(rose or orange colour) [45].[46],

Sex ratio (% of females): 88 % at 15 °C to 30°2C [46].

Sexual

H. nitidus

Adults up to 3,0 mm long[201.[56]. Browgr,pigmented body and
long legs [301,

Sexual dimorphism is not very marked but according to De Lima
et al.[31], females have a more pronounced and rounder fourth
abdominal segment (personal communication from Maty P.
Berg) [56],

Facultative parthenoge
species [331.[21]

netic

0. armatus

Small, Collembola rarelyexceeding 2,5 mm in length. Unpigment-
ed with a pale yellow or white tone, short legged with reduced
furca lacking in jumping ability [231.[60],

Parthenogenetic specig

s [61]

0. cincta

Adult size betweén 3 mm to 4,5 mm, yellow in colour with brown-
ish/blackdark’pigments on abdomen with variable pattern, head
usuallydark in colourl261.[62], Sexual reproduction by dissociated
sperm/transfer where Females collect spermatophores laid by
maleson soil [631.[64],

Sexual

H. assimilis

Elongated, pigmented brownish, and has eyespots; sexual di-
morphism in adults.

Females: twice the size of males, lighter colour.

Sexual; permanent pres
of males required

ence

Males: more stick-like body, smaller; males move generally faster
than females;

M. macrochaeta

Elongated, pigmented greyish; slower moving.

Sexual; permanent presence

of males required

E.4 Life-history traits

The life-history traits of each of the alternative Collembolan species, including the age at maturation,
duration of egg development and recommended age for exposure in tests are presented in Table E.3.

20
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Table E.3 — Life-history traits of alternative Collembolan species

Species Age at maturation Duration of egg develop- | Instars subject to exposure
ment
F. fimetaria 18 days [33] 9,5 days [29] (suggest 9 days |Adults aged 23 days to 26 days
to 10 days)
0. yodai No information available No information available Adults aged 20 days to 23 days
0. folsomi 28 days to 31 days 11 days to 14 days, tempera- | Adults aged 28 days to 31 days
ture dependent
P. minuta ~14 days ~6 days Adults aged 10 days to 12 days
30l gp13-days-tedd days [33]
J
P. fimata No information available ~ |No information available  |Adultsaged 20 daysto 23 days [65]
S. cupviseta 22 days to 26 days 5 days to 7 days Adults aged20’dayfs to 23 days
A. kifni 42 days to 46 days at 20 °C|12 days to 14 days (681169 | Adults aged'42 dayf to 46 days
[66].[67]
Y. széptyckii 23 days at 25 °C [46] 12 days at 25 °C [46] Adults aged 42 days [201-[72]
H. nitidus 23 days to 25 days [21] ~8 days [21] Adults aged 23| days and
25 days [31
0. arjnatus 40 days [Z3] 12 days to 18 days [Z3LIZ4" | Adults aged 38 dayjs to42 days
0. cincta 6 weeks to 7 weeks [751[76] |6 days to 10 days Je3J75] 35 days [77]

20 °C ~6 days\163!

Temperature.dépendant at

H. assimilis

23 days to 26 days

14 days tg’16 days

23 days to 26 days

M. mlacrochaeta

23 days to 26 days

14 days-to 16 days

23 days to 26 days

E.5 | Culturing

E.5.1
The

Culture vessels and substrate

proposed culturing vessels and substrate for each of the alternative Collembolan

pres¢nted and described in TableE.4.

species are

NOTH Some types of plastic can emit toxic organic compounds, which can influence the dulturing and
testing.
Table E.4.— Culture vessels and substrate for alternative Collembolan species
Species Culture vessels Culture substrate

F. fimetaria

Plastic containers (diameter 9 cm tol1 cm) like
Petri dishes

Plaster of Paris and activated ¢harcoal (8:1,
w:w) with a substrate layer = 5 jnm saturated
with distilled water [28],

0. yodai Plastic containers (diameter 11 cm) with per-|Plaster of Paris and activated charcoal (11:1
forated lid or 8:1, w:w) with a substrate layer of ~1 cm

saturated with distilled water.
0. folsomi Plastic breeding boxes (1 L to 6 L capacity), rec-|Plaster of Paris and activated charcoal

tangular, covered with solid or perforated lids;
loading density 2 organisms to 3 organisms cm-2

(8:1, w:w) with a substrate layer depth of
~1 cm saturated with distilled water or a
very thin layer of artificial soil layered on
plaster of Paris and charcoal substrate. The
presence of chards of plaster of Paris and
charcoal substrate promote eggs laying[32.
Substrate should be renewed as needed (e.g.
every 2 months).
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Table E.4 (continued)
Species Culture vessels Culture substrate

P. minuta Plastic containers the same as for 0. yodai Plaster of Paris and activated charcoal (11:1,
8:1 or 4:1, w:w) with a substrate layer of
~1 cm saturated with distilled water [33],

P. fimata Plastic containers as for 0. yodai Culture substrate the same as for O. yodai.

S. curviseta Plastic containers the same as for 0. yodai Culture substrate the same as for 0. yodai.

A. kimi Plastic Petri dish (9 cm diameter and 1,5 cm|Plaster of Paris and activated charcoal (4:1,
height) [66].[67] w:w) with a substrate layer > 0,5 cm satu-

rated with distilled wateyr [661.[67]

Y. szeptyckii Glassjar (9 cm diameter and 9 cm height) [Z01-[Z2]| Artificial OECD soil according 0 @ECD
guideline 207 [28].[46],

H. nitidus Plastic containers (7 cm to 11 cm diameter and | Plaster of Paris and activated chaycoal
3 cmto 4 cm height) (Haubertetal,, 2011; Buseet|(10:1, 9:1 or 2:1, w:w) sdth a subs{rate
al., 2013) or translucent plastic boxes of 125 ml[21l. |layer of ~2 cm saturated with distjilled
with perforated lid water[21LI78L[79], Alterhatively, moist qyiartz

sand [89] or gardef soil [29],

0. armatus Petri dish (9 cm diameter) [61] Plaster of Paris'and activated charcoal (9:1,
v:v) with a substrate layer of ~1 cm satutated
with distiled water[1l,

0. cincta PVC boxes or plastic containers or Petri dishes|Plaster\of Paris and activated chajcoal
(5 cm to 25 cm diameter), witha 1,5 cm to 2 cm | (10:1 or 9:1, w:w) with a substrate layer
layer of plaster of Paris [81] of 1,5 cm to 2 cm saturated with distilled

waterl211.[521[611[82], Some twigs can be
added to the culture box as long as these
are from an unpolluted source.

H. assimilis Plastic containers (diameter: 9 cm to 11\¢m) like | Plaster of Paris and activated charcoal|(8:1,
Petri dishes w:w); minimum substrate layer of 5 mm

saturated with distilled water [28]

M. macrochagta Plastic containers (diameter:9'cm to 11 cm) like | Plaster of Paris and activated charcoal|(8:1,

Petri dishes w:w); minimum substrate layer of 5§ mm
saturated with distilled water [28],

E.5.2 Culturing conditions

The temperature and lighting conditions for culturing each of the alternative Collembolan speciefs are

presented in Table E.5.

The temperature used in/the culturing conditions should be the same as in the test. This is impoftant

because, at least for serge species and depending on the objective of the study, the test temperaturg can

be 20 °C or 25 °C (exception, Hetermurus nitidus).

Table E.5 — Culturing conditions for alternative Collembolan species

Species Temperature [°C] Lighting conditions?
F. fimetaria Mean 20 + 2 [28] 16 hL:8hDI[28lor12h L:12 h D [35]: 400 1x to 800 1x.
0. yodai 20 or 25 Same conditions as for F. fimetaria.
0. folsomi 20 +3[33] Same conditions as for F. fimetaria.
P. minuta 20 16 hL:8hD.
P. fimata 20 or 25 Same conditions as for F. fimetaria.

S. curviseta

20 or 25 [83.84]; this species may repro-
duce faster at 25 °C

Same conditions as for P. minuta.

A. kimi

20 + 1 [661,[67]

0 h L: 24 h D [66].[67],

a

L =light; D = dark.

22
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Table E.5 (continued)

Y. szeptyckii 25 + 1 [70]-[72] Same conditions as for A. kimilZ0l-[72],
H. nitidus Temperatures range from 15 to 22 |0 h L: 24 h D [Z81.[79L[86] or 16 h L:8 h D [21],
[50L.[79]; however, 15 is the most rec-
ommended to avoid the formation of
spores [85]
0. armatus 12 or 19 [52.[61] As for A. kimil52],
0. cincta 20 + 2 [87] 12 h L: 12 h DI[82].[871-[89], or 16 h L: 8 h D (811,
H. assimilis 202 Same conditions as for F. fimetaria.
M. mprerociaeta 20=2 Sametomditions as for - firmetaria.

a  If =light; D = dark.

E.5.3

Feeding and water replenishment

The

alternhative Collembolan species is provided in Table E.6.

brocedures for feeding (including type of food) and water replenishment\for culturing

Table E.6 — Feeding and water replenishment for alterndtive Collembolan spée

r each of the

cies

Species

Feeding

Water replenishmen

t

F. fimetaria

Granulated dry yeast; 2 mgto 15 mg divided
into 2 or 3 piles; once or twice per week.

Loss'should be replenished with dj
once or twice per week, dependir]
ture’s needs and culturing tempe

stilled water,
g on the cul-
Fature.

0. yodai

Granulated dry yeast ad libitum. Atleastonce
a week, depending on the culturels needs.
Uneaten food should be removedto prevent
fungal growth.

Same procedure as for F. fimetari

.

0. folsomi

Granulated dry yeast}x~100 mg (for
15 cm x 23 cm x 8 cm breeding box) divid-
ed into two or three'piles or sprinkled onto
substrate surface; twice per week.

Moisture content sufficient to ke
substrate moist but with no sta
Loss should be replenished with
deionized water, with every feedin

bp surface of
nding water.

distilled or
g, depending

on the culture’s needs.

P. minuta

Granulated dryyeastad libitum. Atleast once
a week, depending on the culture’s needs.
Uneaténfood should be removed to prevent
fungabgrowth.

=

Same procedure as for F. fimetari

P. fimata

Sdme procedure as for P. minuta.

Same procedure as for F. fimetarig.

S. culviseta

Same procedure as for P. minuta.

Same procedure as for F. fimetarig.

A. kimi

Granulated dry yeast; ~100 mg; once or twice
per week [44],

Same procedure as for F. fimetarig [24],

Y. szeéptyekii

Granulated dry yeast; 10 mg; once or twice
per week [71],

Same procedure as for F. fimetarig [71],

H. nitidus

Same procedure as for P. minuta. Alternatively,
green algae (Chlorella vulgaris, Chlorococcum
infusorium or Desmococcus spp.) can be pro-
vided [791.[80],

Same procedure as for F, fimetaria [Z8],

0. armatus

Hyphae of Mortierella isabelline or Verticil-
lium bulbillosum [521.[61],

Same procedure as for F. fimetaria [61],

0. cincta

Green algae (Desmococcus spp., or Pleoro-
coccus sp.) in suspension or algae collect-

ed from reference site growing on twigs
[55],[81],[82],[88],[89],

Same procedure as for F. fimetaria (811,

H. assimilis

Same procedure as for F. fimetaria.

Same procedure as for F. fimetaria.

M. macrochaeta

Same procedure as for F. fimetaria.

Same procedure as for F fimetaria.
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E.5.4 Culture maintenance and developmental rate

Procedures for producing synchronized Collembolan cultures for testing is provided for each of the
alternative Collembolan species in Table E.7.

Table E.7 — Procedures for maintenance of age synchronized cultures of alternative

Collembolan species

Species

Maintenance of age synchronized cultures

F. fimetaria

Collembolans are transferred into fresh containers for oviposition; after 10 days, freshly
laid eggs are isolated in fragments of moistened substrate, using a paintbrush and a pipette,

and placed in containers with fresh substrate. A few adult females (e.g. 6 to 8 of the biggest
individuals) can be added to each hatching vessel, to improve the rate of hatching2}.

Eggs are incubated at similar conditions to those used for cultures. Three days aftef the
emergence of the first juveniles, the fragments of substrate with unhatched\eggs mupt be
removed to guarantee the age synchronized individuals; organisms are fed, watered and
aerated until test start when reaching an adult age of 23 days to 26 days»

0. yodai

Collembolans are frequently transferred into fresh containers, by tapping or using a mgnual
exhauster, to induce oviposition. Freshly laid eggs are isolated imfragments of substrate,
using a paintbrush and a pipette, and placed in containers with' fresh substrate. Eggp are
incubated at similar conditions to those used for cultures and-two days after the emergence
of the first juveniles, the fragments of substrate with unhatched eggs must be removgd to
guarantee the age synchronized individuals. Juvenil€s are fed, watered and aerated juntil
test start when reaching an age of 20 days to 23 days.

0. folsomi

Monitor existing cultures for large egg clutches; 7\days after the first egg clutches appdar in
new culture vessels or large egg clutches appea? in existing cultures, transfer (using rhois-
tened paintbrush) egg clusters to hatching vessels (i.e., Petri dish ~10 cm diam. and =1 cm
high) containing fresh plaster of Paris and' charcoal substrate; a few adult females (¢.g. 6
to 8 of the largest individuals) can be added to each hatching vessel, to improve the rdte of
hatching; incubate as per culture conditions; monitor daily for hatching ; remove unhatiched
eggs 72 h after appearance of juyeniles; organisms are fed, watered and aerated unti] test
start when reaching an adult age of 28 days to 31 days

P. minuta

Same procedure as for 0. yodui, except that juveniles are fed, watered and aerated unt{l the
test start, when they have.reached the age of 10 days to 12 days or 13 days to 14 days,

P. fimata

Same procedure asfor0. yodai.

S. curviseta

Same procedure asfor 0. yodai.

A. kimi

Adult collembolans are transferred into fresh containers for oviposition; after 3 days, freshly
laid eggs ar'e isolated in fragments of moistened substrate, using a paintbrush and a pipete,
and placedin containers with fresh substrate. Eggs are incubated at similar conditiohs to
those’used for cultures. Fourteen days after the emergence of the first juveniles, the frag-
mefitsof substrate with unhatched eggs must be removed to guarantee the age synchronized
individuals. Organisms are fed, watered and aerated until test start when reaching ai age
of 42 days to 46 days [66]-[68],

Y. szeptyckii

Adult collembolans are transferred into compressed OECD artificial soil substrate forf ovi-
position[46l. After 1 week, freshly laid eggs are isolated in a fresh soil substrate using 4 fine

hair brushlZll, Eggs are incubated at similar conditions to those used for cultures. Eggs are
hatched after 10 days, and the hatched organisms must be watered and aerated until test
start when reaching an age of 6 weeks [461.[71],

H. nitidus

Collembolans are frequently transferred into fresh containers, by tapping or using a man-
ual exhauster, to induce oviposition. Alternatively, to ensure a high number of juveniles for
the tests and/or for enlarging cultures, 30 to 40 males and the same number or a bit more
of females may be transferred into fresh containers. After 2 days to 3 days, adults start
laying eggsf3ll, that should be isolated in fragments of substrate and placed in containers
with fresh substrate. Eggs are incubated at similar conditions to those used for cultures for
around 8 days[®1l, when they start emerging. Three days after the emergence of the first
juveniles, the fragments of substrate with unhatched eggs must be removed to guarantee
age synchronized individuals. Juveniles are fed, watered and aerated until test start when
they have reached the age of 23 days to 25 days.
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Table E.7 (continued)
Species Maintenance of age synchronized cultures
0. armatus Synchronisation is difficult. For testing, Collembola are collected from the culture population
and, in Petri-dishes, individuals of similar size are selected using digital image processing
(DIP) [74],
0. cincta Twigs are refreshed in the culture boxes daily before a testing period. During this process

Collembola are separated from eggs attached to twigs from the culture box. Collected eggs

on twigs are left for 7 days until hatching, after, unhatched eggs on twigs are

Juveniles are fed, watered and aerated until test start when they have reached the age of

35 days.

removed[82],

Alternatively, for testing, individuals of similar size range (2 mm to 3 mm)ga
and distributed to test treatments randomly [89],

h be selected

H. assimilis

Collembolans are transferred into fresh containers, by tapping or using a jnanu|
for oviposition. After 10 days, freshly laid eggs are isolated in fragnients of mq
strate, using a paintbrush and a pipette, and placed in containers wjith fresh suj
adult females (e.g. 6 to 8 of the biggest individuals) can be addedto each hatch
improve the rate of hatching [32];

Eggs are incubated at similar conditions to those used‘for cultures. Three d
emergence of the first juveniles, the fragments of substrate with unhatched ¢
removed to guarantee the age synchronized individwals. Organisms are fed,
aerated until test start when reaching an age of23\days to 26 days.

Al exhauster,
istened sub-
strate. A few
ng vessel, to

hys after the
ggs must be
watered and

M. mlacrochaeta

Same procedure as for H. assimilis.

E.6

E.6.1

The humber of individuals (total number ef-humber of each sex for sexual reproducing |

Test procedure

Test individuals

species) and

apprppriate age for testing is provided forieach of the alternative Collembolan species in Table E.8.

Table E.8 — Number of individuals and appropriate age for testing alternative Collembolan

species
Species Number & Sex Age

F. fimetaria 10 femaleés and 10 males Synchronized individuals between 23 days and 24 days [281.[35],

0. yodai 2@individuals Synchronized individuals between 20 days and|23 days (un-
published data).

0. folsomi 10 females and 5 males Synchronized individuals between 28 days and|31 days [3321,

P. miputa 5 females and 5 males Synchronized individuals between 10 days and 12 days or 13
days and 14 days [33],

P. fimata 20 individuals Synchronized individuals between 20 days and|23 days (un-

pnh]ithd dnfn)

S. curviseta

10 females and 10 males [31]

Synchronized individuals between 20 days and 23 days [83].

A. kimi 10 or 20 individuals Synchronized individuals between 42 days and 46 days [661.[67],
Y. szeptyckii 10 or 20 individuals Synchronized individuals with 6 weeks[Z91-[72]-

H. nitidus 10 females and 10 males Synchronized individuals between 20 days and 25 days [311.

0. armatus 10 individuals [74] Individuals of similar size between 4 weeks to 10 weeks old.
0. cincta 20 individuals (82 Synchronized individuals at 35 days[ZZ1[82], Alternatively, if

synchronization is not possible, individuals with the same
size range (2 mm to 3 mm) [82],

H. assimilis

10 females and 10 males

Synchronized individuals with a minimum age between 16
days and 19 days to make it possible to distinguish between
female and male individuals.
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Table E.8 (continued)

Species Number & Sex Age

M. macrochaeta 10 females and 10 males Synchronized individuals between 23 days and 26 days.

E.6.2 Test vessels and test substrate

A suggestion of appropriate dimensions of test vessels and testing substrate for each alternative
Collembolan species is provided in Table E.9.

Table E.9 — Test vessel dimensions and testing substrate for alternative Collembolan species

Specigs Test vessels Test substrate
F. fimetaria Test containers made of glass (or other | Artificial soil or natural soil as described for F. candida.
chemically inert material) of 125 ml
volume (4,5 cm diameter x 10,5 cm
height).
0. yodai Same containers as for F. fimetaria. |Artificial soil or natural soil agdescribed for F. candida.
Natural soils must be sieved-at2 mm or 4 mm mesh.
0. folsomi Test containers made of glass (or|Artificial soil or natural soil as described for F. candida.
other chemically inert material) of
100 ml to 125 ml volume (5 cm to
8 cm diameter); loosely covered to
allow air exchange.
P. minuta Same containers as for F. fimetaria. | Artificial soil'or natural soil as described for F. candida.
P. fimata Same containers as for F. fimetaria. |Artificialsoil or natural soil as described for F. candida.
Natural soils must be sieved at 2 mm or 4 mm mesh.
S. curviseta Same containers as for F. fimetaria. | Attificial soil or natural soil as described for F. candlida).
A. kimi Test containers made of glass (or othef Artificial soil or natural soil as described for F. candida.
chemically inert material) of 160.ml
volume (5,5 cm diameter x6,0’cm
height) [66].[67],
Y. szeptyckii Test containers made of.glass (or |Artificial soil or natural soil as described for F. candida.
other chemically inert'material;
7 cm diameter x7/5 ¢m height).
H nitidus Same containérs)ds for F. fimetaria. |Artificial soil or natural soil as described for F. candida.
0. armatus Same contdinters as for F. fimetar- |Artificial soil or natural soil as described for F. candida.
ia.
0. cincta Samécontainers as for F. fimetaria. |Artificial soil or natural soil as described for F. canjdida.

H. assimilis Same containers as for F. fimetaria. |Artificial soil or natural soil as described for F. candida.

M. macrochadeta Same containers as for F. fimetaria. | Artificial soil or natural soil as described for F. candida.

canditions

E.6.3 Tes

The test conditions required (i.e. temperature, light conditions and soil moisture) for each Collembolan
alternative species are presented in Table E.10.

Table E.10 — Test conditions required in laboratory tests when using alternative Collembolan

species
Species Temperature [°C] Lighting conditions? Moisture [%Cyyyl
F. fimetaria Mean 20 =+ 2 [281.[35] 16hL:8hDI[28.or12hL:12h|>50
D [35]: 400 1x to 800 Ix
0. yodai 20 or 25 As for F. fimetaria > 40

a  L=light; D =dark.
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Table E.10 (continued)
Species Temperature [°C] Lighting conditions? Moisture [%Cyy4l
0. folsomi mean 20 + 3 [33] As for F, fimetaria >50
P. minuta 20+ 3 or25+2 (orothersdepend-{16 hL: 8h D 40-50
ing on the objective of the study)
P. fimata 20 or 25 As for F. fimetaria > 40
S. curviseta 20 or 25 [83] As for P. minuta 40to 75
A. kimi 20 + 1 [66][67] 0 h L: 24 h D [e6].[67] 40 to 60 [331.[66][67]
Y. szeptyckii 25 + 1 [70]-[72] As for A. kimi [70]-[72] 60 [46]
H. nitidus 15 or 22 16 hL:8hDor 12 hL: 12 h D |Same condijtionf as for A. kimi
0. arynatus 12 or 19 OhL:24hDor12hL: 12 h D |Same conditionk as for A. kimi
O. cincta 202 As for H. nitidus Samé\conditions as for A. kimi

H. assimilis

20 + 2 [28][35]

As for F. fimetaria

40 to 60 (28]

M. mlacrochaeta

20 + 2 [28][35]

As for F. fimetaria

40 to 60 [28]

a I =light; D = dark.

E.6.4 Maintenance during the test

The procedures for feeding (including type of food) and water replenishment for the dut

test ¢xposure and for each of the alternative Collembolan species are provided in table E.11.

Collembolan'species

Table E.11 — Feeding and water replenishmentduring the test exposure for alte

ation of the

rnative

Species

Feeding

Water replenishmient

F. fimetaria

2 mgto 10 mg granulated dry)yeast added to each
container at the beginning of the test and after
14 days [28.33],

At least once a week replic:
aerated and test vessels are
monitor soil moisture. Weig
isreplenished by the addition
water [28],

tes must be
weighted to
ht loss > 2 %
of de-ionised

0. yodai

2 mgto 5 mgefgranulated dry yeast, both at the
beginning and 14th day of test (more food can
be added.if necessary) with a small droplet of
water-on it.

Same procedure as for F. fim

ptaria.

0. folsomi

~5-mg granulated dry yeast added to each test
vessel on days 0, 7, 14 and 21 [33],

Same procedure as for F. fim

etaria.

P. minuta

~2 mg of granulated dry yeast on days 0 and 14
when using a test period of 28 days (more food
can be added if necessary) with a small droplet of
water on it. Alternatively, ~2 mg of granulated dry
yeaston days 0, 7 and 14 when using a test period

Same procedure as for F. fim

etaria.

Of 2T days with a small dropiet of water om it 1221

P. fimata

As for 0. yodai.

Same procedure as for F. fimetaria.

S. curviseta

~2mg of granulated dry yeast, both at the begin-
ning and 14th day of test (more food can be added
if necessary) with a small droplet of water on it.

Same procedure as for F. fimetaria.

A. kimi

~30 mg of granulated dry yeast, both at the begin-
ning and 14th day of test (more food can be added
if necessary) with a small droplet of water on it [6€],

Same procedure as for F. fimetaria [281.66L[67],

Y. szeptyckii

~10 mg of granulated dry yeast, both at the be-
ginning and 14th day of test (more food can be
added if necessary) with a small droplet of water
on it [Z0]-[72],

At least once a week replicates must be
aerated for 15 min and test vessels are
weighted to monitor soil moisture. Weight

loss > 2 % is replenished by
of de-ionised water [72],

the addition
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Table E.11 (continued)

cus spp.) provided on filter papers. Filter papers
replaced with new filter papers containing fresh

Species Feeding Water replenishment
H. nitidus ~1 mg of granulated dry yeast, once a week if|Same procedure as for F. fimetaria.
needed [51],
0. armatus ~4 mg of granulated dry yeast, once a week if|Same procedure as for F. fimetaria.
needed [74].
0. cincta Thick suspension of green algae (e.g. Pleurococ-|Same procedure as for F. fimetaria.

food once a week.

H. assimilis As for F. fimetaria.

Same procedure as for F. fimetaria:

M. macrochadeta

As for F. fimetaria.

Same procedure as for F. fimetarid.

E.6.5 Testtermination

The total tept exposure duration and the extraction method for determining adult'and juvenile cqunts
is provided for each alternative species in Table E.12.

Table E.12 — Total test exposure duration and extraction method for-alternative Collembglan

species
Specigs Test duration [days] Extraction method
F. fimetaria 21 Heat extraction’or flotation similar to the methods de-
scribed forF. candida given in Annex D.

0. yodai 28 Same procedure as for F. fimetaria.

0. folsomi 28 Sanig procedure as for F. fimetaria.

P. minuta 21 or 28 Same procedure as for F. fimetaria.

P. fimata 28 Same procedure as for F. fimetaria.

S. curviseta 21 or 28 Same procedure as for F. fimetaria.

A. kimi 28 [66],[67] Same procedure as for F. fimetaria.

Y. szeptyckii 28 Same procedure as for F. fimetaria.

H. nitidus 21 Same procedure as for F. fimetaria.

0. armatus 28 [74] Same procedure as for F. fimetaria.

0. cincta 49 to 85 [821[20] Same procedure as for F. fimetaria.

H. assimilis 28 Heat extraction as described for F. candida in Annpx D.
M. macrochaeta 28 Same procedure as for H. assimilis.
E.6.6 Validity criteria
The validity| ¢riteria that should be satisfied in the untreated controls for a test result to be considered

valid at the end of the test are provided for each alternative Collembolan species in Table E.13.

Table E.13 — Validity criteria for alternative Collembolan species

Species Adult mortality [%] per Number of juveniles | Coefficient of variation of ju-
control vessel produced per control | veniles produced in control
vessel vessels [%]
F. fimetaria Mean < 20 [28] or Mean = 100 [281.[35] <30 [28]
mean < 30 [33]
0. yodai Mean < 20 Mean = 100 <30
0. folsomi Mean < 30 [33] Mean > 100 [33] <30

28
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Species Adult mortality [%] per Number of juveniles | Coefficient of variation of ju-
control vessel produced per control | veniles produced in control
vessel vessels [%]
P. minuta Mean < 20; or alternatively,|Mean = 100 <30
mean < 30 for artificial soil and
mean < 40 for natural soil [35]
P. fimata Mean < 20 Mean = 100 <30
S. curviseta Mean < 20 Mean = 100 <40
A, kimi Mean <20 [28],[67] Mean > 100 [28],[67] 30 [28].[67]
Y. sz¢ptyckii Mean < 30 [Z0]-[72] Mean 2 60 [72] <30 [28]
H. nitidus Mean < 20 Mean = 100 e.g. < 30 (noydata ayvailable)
0. arjnatus Mean < 20 Mean = 100 e.g. <30 (no data alvailable)
0. cincta Mean < 20 Mean = 100 e.g.< 30 (no data alvailable)
H. assimilis Mean < 20 [21] Mean > 100 [21] <30
M. mjacrochaeta Mean < 20 [21] Mean > 50 [21] <30

E.6.7

Sensitivity and suitability

In Table E.14., toxicity data of the alternative Collembolan spécies to different chemical subpstances are
pres¢nted, taken from publicly available literature. These data aim to provide evidence of the sensitivity
of the alternative Collembolan species to chemical substatiees.

Table E.14 — Sensitivity of alternative Collembolan species to chemical contamjnants

Copper-EC50 (repro)= 696 natural soil [22]

Zifne: EC50 (repro)= 283 [92]

Metsulfuron-methyl (as c.f.): EC50 (repro) > 10 [23]

Metsulfuron-methyl (as c.f.) + mineral oil (as c.f.): EC50

(repro) = 0,003 [23]

Mercury: LC50 = 6,87 to 7,16 (depending on test soil and

temperature) [36]

Species Toxicity endpoints\{mg/kg sdw] 2 Additional comjments
F. fimetaria Boric acid: LC50 = 560; EG50 (repro) = 107 [29];
EC50 (repro) = 100 28]
0. yodai Cadmium: EC50(repro)= 154,7 [33]
Orthonychiurus fol-|Boricacid: 35-:d\LC50 = 1 476 in artificial soil; 35-d EC50
somi =503 in artifi¢ial soil [35]
P. miputa Cadmiunk-EC50 (repro)= 125 [92]

Mercury: EC50 (repro) = 4,43 to 4,58 (depending on test

soil and temperature) [36]

Copper: EC50 (repro) = 157,5; LC50 = 1 180 [24]

Phenol: EC50 (repro) = 186 [24]

Arsenic: EC50 (repro) = 4,4; LC50= 36,7 [24]
Nonylphenol: EC50 (repro) = 3,31 [24]

a2 sdw = soil dry weight.
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Table E.14 (continued)

Species Toxicity endpoints [mg/kg sdw] 2 Additional comments

P. fimata 2-phenylethyl isothiocyanate: EC50(repro) = 11,2 nmol/g
sdw; LC50 = 15,2 nmol/g sdw [25]

a-cypermethrin: EC50 (abund) =14,7 - 15,9 mg/kg (varies
with community composition) [2¢]

S. curviseta Pyrimethanil (a.s.): EC50 (repro) (at 20 °C or 26 °C, varies
with % Cyyy) = 60 to 80 [27]

Lambda-cyhalothrin (a.s.): EC50(repro) (at 20 °C or 26 °C,
[831

vaTteswith-Ey—tt-to-20-534
Copper: EC50 (repro) = 442 [28]
Zinc: EC50(repro) = 2 760 [28]
Lead: EC50(repro) = 3 212 [98]

Boricacid: LC50 = 279; EC50 = 95; EC20 = 83; EC10=77;
NOEC: 31,5 (all values from Reference [51])

A. kimi Cadmium: 28-d LC50=90,1 mg/kgle8], EC50(re-
pro) = 60,0 mg/kg [68]

Mercury: 28-d LC50 = 2,6 mg/kgl68], EC50(repro) = 0,23 mg/
kg [08]

Lead: 28-d LC50 = 1 299 mg/kgl¢8], EC50(repro) = 428ing/
kg [68]

Copper: EC50(repro) = 277 mg/kg [29]
Manganese: EC50(repro) = 326 mg/kg [2}
Nickel: EC50(repro) = 52,6 mg/kg [29]

in the OECD artificial soil

Y. szeptyckii Tebufenozide: 28-d LC50 > 700.mg/kg, EC50(re- Higher sensitive to fenoxycarb foxic-
pro) = 43,8 mg/kg [70] ity than F. candida. The EC50(r¢pro)

Teflubenzuron: 28-d LES0> 0,90 mg/kg, EC50(re- ;vizr?jiézmes smaller than that of
pro) = 0,07 mg/kg [l ' '

Fenoxycarb: 28-d\L.C50 = 955,2 mg/kg, EC50(re-
pro) = 0,2 mg/kg [72]

H. nitidus Imidacloprid21l:

LC50,5,50 (1,0 to 2,0)
EC50+(repro) = 0,50 (0,30 to 0,60)
EC20 (repro) = 0,30 (0,10 to 0,50)
EC10 (repro) = 0,20 (0 to 0,40)

NOoEC N 27
N LG U7

Thiacloprid [211,

LC50=>10

EC50 (repro) = 1,5 (0,20 to 2,5)
EC20 (repro) = 0,70 (0 to 1,5)
EC10 (repro) = 0,45 (0 to 1,0)
0. armatus Betanal [100]

LOEC (mortality): 1,2

LOEC (avoidance): 1,2
2 sdw = soil dry weight.
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