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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by| the technical committees are circulated to the member bodies for voting. Publication ‘ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is|drawn to the possibility that some of the elements of this document may be the;subject of pdtent
rights. ISO phall not be held responsible for identifying any or all such patent rights.

ISO 11268F1 was prepared by Technical Committee ISO/TC 190, Soil quality;, Subcommittee SC 4,
Biological methods.

This second edition cancels and replaces the first edition (ISO 11268-1:1993), which has been technically reviged.
ISO 11268 gonsists of the following parts, under the general title Soil quality~~Effects of pollutants on earthwofms:
— Part 1:|Determination of acute toxicity to Eisenia fetida/Eisenia andrei

— Part 2:|Determination of effects on reproduction of Eiseniafetida/Eisenia andrei

— Part 3:|Guidance on the determination of effects in field-situations

iv © 1SO 2012 — Al rights reserved
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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 1ISO 15799 [33] and 1SO 17616 [34]). ISO 15799
includes a list and short characterization of recommended and standardized test systems, and ISO 17616 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. As
standardized test systems using earthworms as indicator organisms for the habitat function of soil, an acute
test for survival and a chronic test for reproduction are available.

Thig part of ISO 11268 describes a method that is based on the determination of the acutg toxicity of
confaminated soils to adult earthworms of the species Eisenia fetida (Savigny 1826) and Eisenia arjdrei (André
196B). Optionally, the method can be used for testing chemicals added to a standard soily(é.g. artif|cial soil) for
theif[ acute toxic potential to earthworms. Finally, information is provided on how to use this methof for testing
chemicals under tropical conditions (see Annex A).

Eisgnia fetida and Eisenia andrei are considered to be representatives of soil fauna and eafthworms in
parficular. Background information on the ecology of earthworms and theirluse in ecotoxicological testing is
avallable. Other species, e.g. Aporrectodea caliginosa, Lumbricus rubellus.and Lumbricus terrestris, have also
beeh used as test organisms. These or other species have not been proven to be more sensitivd in general,
and|the database and experience in testing soils is small [151116][23],

Thig part of ISO 11268 has been drawn up taking into consideration test procedures adopted by the Qrganization
for Economic Cooperation and Development [261127] and by theé-European Union (6],
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Soil quality — Effects of pollutants on earthworms —

Part 1:
Determination of acute toxicity to Eisenia fetida/Eisenia andrei

WARNING — Contaminated soils may contain unknown mixtures of toxic, mutagenic, or otherwise harmful
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Scope

part of ISO 11268 specifies one of the methods for evaluating the habitat function of soils and
hcute toxicity of soil contaminants and chemicals to Eisenia fetida/Eisenia andrei by dermal anc
ke. It is applicable to soils and soil materials of unknown quality, e.g. from contaminated site
5, soils after remediation, agricultural or other sites concerned, and waste materials.

cts of substances are assessed using a standard soil, preferably-a defined artificial soil su
aminated soils, the effects on survival are determined in thestest soil and in a control soil. A
objective of the study, the control and dilution substrate (dilution series of contaminated soi
br an uncontaminated soil comparable to the soil samplento be tested (reference soil) or a s
artificial soil).

fmation is provided on how to use this method fortesting chemicals under temperate as we
cal conditions.

method is not applicable to volatile substances, i.e. substances for which H (Henry’s cons
vater partition coefficient is greater than, 1,-or for which the vapour pressure exceeds 0,013 3 F

method does not take into account thespossible degradation of the substances or contaminants du

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the reference
uding any amendments) applies.
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10381-6, Seil‘quality — Sampling — Part 6: Guidance on the collection, handling and storage ¢f soil under
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ry analysis)

ISO 11260, Soil quality — Determination of effective cation exchange capacity and base saturation level using

bari

um chloride solution

ISO 11277, Soil quality — Determination of particle size distribution in mineral soil material — Method by
sieving and sedimentation

ISO 11465, Soil quality — Determination of dry matter and water content on a mass basis — Gravimetric method
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3 Terms and definitions

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

31

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

[ISO 15176:2002]

3.2

survival

percentage|of living worms at the end of the test period

3.3

mortality

percentage|of dead or missing worms at the end of the test period

3.4

LCso

lethal congentration

median lethal percentage of a test sample in a reference or a standard €entrol soil, or concentration
substance i the test sample, which kills 50 % of the test animals within thetest period

NOTE The LCsp is expressed as a percentage of test-soil dry mass pertest-mixture dry mass.

3.5

limit test

single concgntration test consisting of at least four replicates each, the test sample without any dilution of
highest confcentration of test substance mixed into the control soil and the control

3.6

lowest obgerved effect rate (LOER) or effect:concentration (LOEC)

lowest testg
significant ¢

NOTE L
above the L
satisfied, an

3.7
NOEC
no observg

d percentage of a test sample in a control soil or concentration of a substance at which a statisti
ffect is observed

[he LOEC is expressed as a percentage of test-soil dry mass per test-mixture dry mass. All test mixt

DEC have a harmful effect equal to or greater than that observed at the LOEC. If this condition canng
explanation should be given for how the LOEC and NOEC (3.7) have been selected.

pd effect camcentration

test soil pe

when comppred to, the control, has no statistically significant lethal or other effect such as mass alteration (g
probability: [p <"0,05)

centage jmmediately below the LOEC or, highest tested concentration of a test substance wh

pf a

the

ally

ures
t be

ch,
rror

NOTE

3.8

The NOEC is expressed as a percentage of test-soil dry mass per test-mixture dry mass.

reference soil
uncontaminated site-specific soil (e.g. collected in the vicinity of a contaminated site) with similar properties
(nutrient concentrations, pH, organic carbon content and texture) to the test sail

3.9
standard s

oil

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

EXAMPLE

Euro-Soils [21, artificial soil [26] LUFA Standard Soil [24],
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NOTE

ISO 11268

The properties of standard soils can differ from those of the test soil.

3.10

con

trol soil

-1:2012(E)

reference or standard soil used as a control and as a medium for preparing dilution series with test samples or
a reference substance which fulfils the validity criteria

NOTE In the case of natural soil, it is advisable to demonstrate its suitability for a test and for achieving the test
validity criteria before using the soil in a definitive test.

311

test mivtl o

mixjure of contaminated soil or the test substance with a control soil (3.10)

NOTE Test mixtures are given in percentage of contaminated soil based on soil dry mass.

3.12

tesy mixture ratio

ratig of test soil to control soil in a test mixture

NOTE Different ratios may be applied in a dilution series to establish a dose-response relationship.

4 [Principle

The|percent mortality of adult earthworms (species: Eisenia fetidalor Eisenia andrei) exposed to theltest soil are
compared to those observed for samples exposed to a controhsoil. If appropriate, effects based on pxposure to
a dilution range of contaminated soil or range of concentrations of a test substance are determined|after seven

day

The)
con
(LC

The

If th

NOT
and

5 and 14 days. Test mixtures are prepared at the starf'of the test and are not renewed within the

results obtained from the tests are compared>with a control and are used to determine the
Centrations which cause no effects on biomassiand survival (NOEC) and the mortality of 50 % of
b0, 14 days).

test is conducted in two steps:

a preliminary test, which gives an approximate indication of the dilutions (concentrations) res
total mortality and for the abSence of mortality, which serves to determine the range of conce
the definitive test;

the definitive test to-determine the dilutions (concentrations) causing between 10 % and 90
which yields the testresult.

e preliminary¢test shows no mortality, a limit test (see 7.1.3) may be performed as the definitive

E The use of areference soil is an essential requirement to demonstrate the present status of the te
to avoidimisinterpretation of results.

test period.

dilutions or
parthworms

bonsible for

htrations for

o mortality,

test.

t population,

5

51

b (] n - 1
Reagentsandmatertat

Biological material, consists of adult earthworms of the species Eisenia fetida or Eisenia andrei [12]
[17]19] at least three months old, with a clitellum and a wet mass between 300 mg and 600 mg (E. fetida) and
between 250 mg and 600 mg (E. andrei).

Select worms used for the test to form, as far as is practicable, a homogeneous population from the standpoint of
size and mass. Worms should preferably be selected from a synchronized culture with a relatively homogeneous

age

NOTE

structure. Before the test, wash them with potable water.

An example of culturing Eisenia fetida/Eisenia andrei is given in Annex B.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=c23267d3591a437f1bbb0457ddd66c9e

ISO 11268-1:2012(E)

5.2 Test sample, which may consist of field-collected soil or control soil amended by the test substance.

5.2.1 Field-collected soils, soil or waste materials

The sample(s) can be field-collected soil from an industrial, agricultural or other site of concern, or waste
materials (e.g. dredged material, municipal sludge from a wastewater treatment plant, composed material, or
manure) under consideration for possible land disposal.

Test samples shall be sieved by 4 mm mesh and thoroughly mixed. If necessary, soil may be air-dried without
heating before sieving. Storage of test samples should be as short as possible. Store the soil in accordance
with ISO 10381- in ntainers that minimize | f soil contaminan volatilization an rption to
the containgr walls. Soil pH should not be corrected as it can influence bioavailability of soil contaminants

For interprgtation of test results, the following characteristics shall be determined for each soil sampled from
a field site:

a) pH in dccordance with ISO 10390,

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

c) water dontent in accordance with ISO 11465,

d) water Holding capacity according to Annex C,

e) cationi¢ exchange capacity in accordance with ISO 11260,
f)  organig¢ carbon in accordance with ISO 10694.

According tp the objective of the study, the control and dilution*substrate (dilution series of contaminated foil)
should be efther an uncontaminated soil comparable to the seil sample (reference soil) to be tested or standlard
soil, prefergbly the artificial soil substrate.

NOTE If is important to measure the water holding capacity of all mixtures used in the test.

5.2.2 CoItroI soil, either a) reference soil (3/8).or b) standard soil (3.9) that allows the presence of earthwofms.

a) Ifrefergnce soils from uncontaminated\areas near a contaminated site are available, they should be treated
and characterized like the test samples. If a toxic contamination or unusual soil properties cannot be rpiled
out, stgndard control soils should be preferred.

b) For tesfing the effects of stibstances mixed into soil or making dilutions of the test sample, standard $oils
shall bg used to prepare.the test sample. The properties of the field-collected standard soil shall be repoited.

The substrgte called ariificial soil can be used as a standard soil and has the following composition:

Percentage expressed
on a dry-mass basis

— Srhagnum peat finply grnlmd and with no visible plan’r remains 10 %
— Kaolinite clay containing not less than 30 % kaolinite 20 %
— Industrial quartz sand (dominant fine sand with more than 69 %

50 % of particle sizes 0,05 mm to 0,2 mm)
Approximately 0,3 % to 1,0 % calcium carbonate (CaCOg, pulverized, analytical grade) are necessary to get a
pH of 6,0 + 0,5.
NOTE 1  Taking the properties of highly non-polar [log Kow > 2, where Koy is the partitioning coefficient (octanol/water)]

or ionizing substances into account, 5 % of peat have proven to be sufficient for maintaining the desired structure of the
artificial soil.

4 © 1SO 2012 — All rights reserved
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NOTE 2 It has been demonstrated that Eisenia fetida can comply with the validity criteria, even as regards reproduction,
when tested in field soils with lower organic carbon content (e.g. 2,7 %) [171, and experience shows that this can be achieved in
artificial soil with 5 % peat. It is therefore not necessary, before using such a soil in a definitive test, to demonstrate the suitability
of the artificial soil in complying with the validity criteria, unless the peat contents lowered more than specified above [27],

Prepare the artificial soil at least three days prior to starting the test, by mixing the dry constituents listed above
thoroughly in a large-scale laboratory mixer. A portion of the deionized water required is added while mixing
is continued. Allowance should be made for any water that is used for introducing the test substance into the
soil. The amount of calcium carbonate required can vary, depending on the properties of the individual batch
of sphagnum peat and should be determined by measuring sub-samples immediately before the test. Store
the mixed artificial soil at room temperature for at least two days to equilibrate acidity. To determine pH and the
ma)imumnT water fiotding capacity, the dry artificial soit s pre-moistened one or two days before stamting the test
by gdding deionized water to obtain approximately half of the required final water content of 40 % to 60 % of
the maximum water holding capacity.

Theltotal water holding capacity is determined according to Annex C; the pH is determined-according tq 1ISO 10390.

5.2.8 Boric acid, as a reference substance (see Annex D).

6 |Apparatus

Usual laboratory equipment and the following.

6.1| Test containers, made of glass or another chemically inert material, of about one to two litreq in capacity,
sholild be used. The containers should have a cross-sectional area of approximately 200 cm? so fhat a moist
subgtrate depth of about 5 cm to 6 cm is achieved when 500, g dry mass of substrate are added. Test containers
shal|l permit gaseous exchange between the medium and.the atmosphere and access of light (e.g. by means of
a perforated transparent cover), and shall have proviSions to prevent earthworms from escaping (d.g. by using
a tape to fix the cover).

6.2| Apparatus to determine the dry mass of the substrate, in accordance with ISO 11465.
6.3| Large-scale laboratory mixer, for the preparation of the test sample (5.2).
6.4| Precision balance, with‘an accuracy of at least 1 mg.

6.5| Polyethylene-mémbrane, perforated with small holes allowing exchanges between the sample and
the ptmosphere.

6.6| Test envirohment.

6.6.l _Ewnclosure, capable of being controlled at a temperature of (20 + 2) °C.

6.6. Light source (e.g. white fluorescent tubes), capable of delivering a constant Tight infensity of 400 Ix to
800 Ix on the containers at a controlled light/dark cycle of between 12 h:12 h and 16 h:8 h.

7 Procedure
7.1 Experimental design

7.1.1 General

A sample of field-collected test soil can be tested at a single concentration (typically 100 %) or evaluated for
toxicity in a multi-concentration test, whereby a series of dilutions are prepared by mixing measured quantities
with a control soil (5.2.2). When testing substances a series of concentrations is prepared by mixing quantities

© 1SO 2012 — All rights reserved 5
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of the test substance with a standard soil (e.g. artificial soil). The concentrations are expressed in milligrams of
test substance per kilogram of dried control soil.

Depending on the knowledge of relevant response levels, a preliminary test may precede the definitive test. Each
definitive test consists of a series of test mixtures (treatments). Each treatment is replicated at least four times.

7.1.2 Preliminary test

A preliminary test to find the range of mixture ratios affecting earthworms is optional, e.g. 0 %, 1 %, 5 %, 25 %,
50 %, 75 %, 100 %, or of the test substance, e.g. 0 mg/kg, 1 mg/kg, 10 mg/kg, 100 mg/kg and 1 000 mg/kg.
The preliminary test is conducted without replication.

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

7.1.3 Definitive test

The design|of the definitive test depends on the test objectives. Typically, the habitat properties of samples|of a
field-collected test soil are characterized by comparing the biological effects found in-the test soil(s) with tHose
found in thg control soil (3.10) (single-concentration tests). If a reference soil (3.8) to-he’used as a control ig not
available o not appropriate due to toxicity or atypical physicochemical characteristics, effects are compdred
to a standafd soil instead. If a reference soil is available to be used as a controlsoil, it is recommended that a
standard sdil exhibiting a typical known response be included, and that therésults be used to judge the valjdity
and acceptability of the test [17]. Results found for the standard soil assi§pirrdistinguishing contaminant effects
from non-contaminant effects caused by soil physicochemical properties.

If, for chargcterization purposes, a test design including a dilution series is required, a minimum of five |test
mixtures shill be prepared. Therefore, a geometric series of mixture rates with a factor not exceeding 2 shall be
selected based on the preliminary test. At least four replicates of each treatment are prepared. A limit test|can
be sufficient if, in the preliminary test, no toxic effect was observed. In the limit test, only the test soil without
any dilution|and the control soil shall be tested with atdeast four replicates each.

When testing chemicals added to standard soil, perform the definitive test on five concentrations of the|test
substance, providing a geometric progression(between the highest concentration causing no mortality and the
lowest congentration causing total mortality., Proceed simultaneously with four replicates per concentrdtion
and for a cpntrol without the test substanee and, if necessary, for another control with solvent, placing gach
container ir| the test environment (6.6).

To increase]the precision and power/of statistical testing when analysing quantitative single-concentration tests
(e.g. effectd on biomass development), it is recommended that eight replicates be prepared for the control.

7.2 Preppration of teSt mixture

7.2.1 Testing of.contaminated soil

Mix the tes} sail with the reference soil or the standard soil thoroughly (either manually or by using a Hand
mixer) according o the selected dilution range. Check the homogeneity of the mixture visually. The fofal mass
of the test soil and the reference soil or the standard soil shall be 500 g to 600 g (dry mass) in each test
container (6.1). Wet the test mixture with deionized water to reach an appropriate water content of usually 40 %
to 60 % of the total water holding capacity determined according to Annex C. In some cases, e.g. 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 1ISO 10390 at the
beginning and end of the test (when acid or basic substances are tested, do not adjust the pH).

Proceed simultaneously with at least four replicates per concentration and the control(s).

6 © 1SO 2012 — All rights reserved
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WARNING — Contaminated soils may contain unknown mixtures of toxic, mutagenic, or otherwise
harmful chemicals or infectious microorganisms. Precautions should be taken to avoid skin contact.
Occupational healthrisks may arise from dust or evaporated chemicals during handling and incubation.

7.2.2 Testing substances added to the control soil

Control 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 500 g (dry mass). Add substances to the control soil and mix thoroughly.

For the introduction of test substances, use either method a), b) or c), as appropriate:

a) [Water-soluble substance

— Immediately before starting the test, dissolve the quantity of the test substance in the water of a portion of
it required to wet the soil samples for the replicates of one concentration in order to meet'the r¢quirements
of 5.2.2. Mix it thoroughly with the soil substrate before introducing it into the test.containers.

b) |Substances insoluble in water but soluble in organic solvents

— Dissolve the quantity of test substance required to obtain the desiredCancentration in a volptile solvent
(such as acetone or hexane) and mix it with a portion of the quartz)sand required. After pvaporating
the solvent by placing the container under a fume hood, add the remainder of the standard soil and
the water and mix it thoroughly before introducing it into the’ test containers.

Ultrasonic dispersion, organic solvents, emulsifiers or dispersants’can be used to disperse substanges with low
aqupous solubility. When such auxiliary substances are used;.all test concentrations and an additipnal control
shopld contain the same minimum amount of auxiliary substance.

WARNING — Take appropriate precautions when ‘dealing with solvent vapour to avoid danger from
inhalation or explosion, and to avoid damage to:éxtraction equipment, pumps, etc.

c) |Substances insoluble in water or organic solvents

— Forasubstance insoluble in a volatile solvent, prepare a mixture of 10 g of finely ground indufstrial quartz
sand (see 5.2.2) and the quantity of the test substance required to obtain the desired copcentration.
Add that mixture to the remainder of the standard soil and the water and mix thoroughly before
introducing it into the test.containers.

— Mix the test substance into the standard soil before the earthworms are added.

Base the concentrations-selected to provide the LOEC/NOEC on the results of the preliminary [test. Space
the poncentrations by-a factor not exceeding 2. Substances mixed into the substrate do not need o be tested
at concentrations-higher than 1 000 mg/kg mass of test sample. Proceed simultaneously with at least four
replicates per ceneentration and the control(s).

Detérmine<the” pH for each test sample (one container per concentration) according to 1ISO 10390 at the
begjnningyand end of the test.

7.2.3 Preparation of control container

The control container contains the control soil (5.2.2) wetted with deionized water to reach 40 % to 60 % of the
total water holding capacity (determined according to Annex C).

Prepare one control container for the preliminary test and at least four control containers for the definitive test.

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.

© 1SO 2012 — All rights reserved 7
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7.3 Addition of the earthworms

For each test container and the control container(s), prepare, wash and gently wipe (using absorbent paper) 10
worms (5.1). Determine the homogeneity of the test population by weighing a sample of 20 worms individually, to
avoid systematic errors in distributing the worms to the test containers. Having ensured homogeneity, batches
of 10 worms shall then be selected, weighed and placed in each test container. Assign batches of worms using
a randomization procedure. The range of mean biomass between vessels should not exceed 100 mg.

Cover the ¢

7.4 Test

ontainers as indicated in 6.1 and place them in the test enclosure (6.6.1).

onditions and meastirements

Place the c

After seven
if it displays

At the end
the water c

7.5 Refe

The NOEC
test conditig
over time. |
lower frequ

Boric acid
3 000 mg 4
mean LCso
(confidence

8 Calcu

8.1 Calc

For each d
combined f

For tests of
the estimat

When two
only 0 % ar

bntainers at random in the test enclosure (6.6.1) for 14 days.

days, count the live worms and remove the dead worms if visible (a worm is considered-to be d
no reaction to a pin prick applied to its anterior side). Note the symptoms observedjan the anin

pf the test after 14 days, for each container, determine the total number and mass of living wo
bntent in one control container and the pH in one container per test concentration.

rence substance

hnd/or the LCy of a reference substance shall be determined to provide assurance that the laborg

ns are adequate and to verify that the response of the test grganism does not change statisti
is advisable to test a reference substance at least twice ayyear or, when testing is carried out
bncy, in parallel to the determination of the toxicity of a test substance.

s used as a reference substance. Significant effects on mortality should be observed betw
nd 4 500 mg of boric acid per kilogram of artificial soil (dry mass). According to the literature
(n =7, where n is the number of samples) inartificial soil is 3 500 mg of boric acid per kilog
limits 3 000 mg/kg to 4 500 mg/kg).

ation and expression of results

lation

lution or concentratiop;, determine the percent mortality obtained in the definitive test. Data
br replicate containers.at a given concentration.

acute lethality orother quantal effects, percent effects are transformed to probits or logits allov
on of a straight-line model and limiting the number of parameters to be estimated.

onsecutive’ dilutions or concentrations at a ratio less than or equal to 2 (for example 10, 18)
d 100:-% mortality, the two values are sufficient to indicate the range within which the LCsq fall

ead
als.

ms,

tory
ally
ina

een
the
ram

are

ving

hive
S.

8.2 Expr

H £ L
SOIUIT UT TTOUITLS

A graphical presentation of the mean values of the end points, including standard deviation of the measured values
against the test soil(s), control soil(s) or test mixture ratio, 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.

If dilution or concentration series were performed, indicate:

in the dose response relationship, the percent test mixture based on dry mass or in milligrams per kilogram

of dried soil substrate, the median lethal percent dilution of contaminated soil or median lethal concentration
of the test substance, which kills 50 % of the test animals within the test period according to the selected
model (LCsp); or
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in the NOEC approach, the test mixture ratio immediately below the LOEC or highest tested concentration
of a test substance which, when compared to the control, has no statistically significant lethal or other

effect such as mass alteration (NOEC).

Validity of the test
results are considered to be valid, if

the percent mortality observed in the control is < 10 %, and

tha avaraaa lace af hinmaco Af thao wwnarmoe 1n tha cantral Aanc Nt aveand 20 0/
e e rage1o 550 oto aSE-ortHe-WoeHRSHtHe-GotHora8e 5 Hot+ex6ee
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10.2

In a

=T/

Statistical analysis

| General

ing for a statistically significant effect in single concentration quantal tests (e.g. mortality) dep
of investigative programme and its design. For a sample from one location with “field” replig

field replicates, results can be assessed by logistic regression cartied out by, or under supe
stician; analysis of variance (ANOVA) might sometimes be feasible.

ntitative single-concentration tests (e.g. effects on the hiomass development) have differe
hods. For sampling at several locations with field replication, ANOVA would be a first step if
hble. If the null hypothesis of no difference was rejected, analysis would proceed to one of seve
parison tests [8l,

E Guidance given here for statistical evaluation of test results aims to make the investigator aware
may arise in consequence of a test design selected: Computer programs do not necessarily guard agai

les that can cause erroneous analyses. It is stfongly recommended that additional information be soug
pnce documents (e.g. as provided by Reference [8]) or to contact a statistician.

P Single-concentration tests

.1 Quantal effects

quantal test, each organism either shows an effect or does not show it. The effect is binary.

qua

avoldance reaction.er.does not). Thus tests are based on the proportion of organisms that showe
aftey exposure ta’afixed concentration of test material and a defined period of time. Quantal res
bingmial distribution, which determines the choice of the appropriate statistical tests.

Mortality is the most common end point in single concentration tests, and the resulting data are qu
might assess mortality of earthworms exposed to full-strength contaminated soil. The choice of the
stat|stical test depends on the test design. The test design can include testing one sample withou

tal are synonymous./The effect can be lethal or sublethal (e.g. an earthworm dies or lives g

A

bnds on the
ates (e.g. a

ey of contaminated soil), results can be tested with Fisher’s exact test.For a survey of several locations

rvision of, a

statistical
sults were
Fal multiple-

of problems
hst violations
ht in specific

Binary and
r shows an
J the effect,
IIts follow a

bntal. A test
appropriate

t replication

and a control or using field replicates from a single location, i.e. several samples collected at the same time
and place. In both cases, Fisher’s exact test is recommended as a first choice. If single-soil samples from a
number of locations were tested at one concentration with a control, no opportunities for statistical testing
exist. Such a study would be just exploratory, potentially inducing further sampling and testing with replication.
If field replicates were taken, i.e. several samples at each location, useful statistical analysis becomes feasible,
even for quantal data at one concentration. A possible approach would be logistic regression. This regression
would be “categorical’, i.e. based on control, location 1, location 2, etc., rather than the familiar regression on
a continuous independent variable such as concentration. This approach is considered particularly fruitful if a
gradient of effect was expected.
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10.2.2 Quantitative effects

An example of a single-concentration test for quantitative effects can be measuring the average biomass of
earthworms after exposure to a sample of undiluted contaminated soil, compared to the biomass of earthworms
exposed to a reference or standard soil. If there was only one sample tested, and one control material, without
any replicates, results cannot be compared by any statistical test. In a quantitative test with replication for the
test soil (material) and for the control soil, a standard t-test would be suitable for statistical analysis.

Analysis of variance (ANOVA) involving multiple comparisons of end-point data derived for undiluted test
soils (single-concentration test), 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 (e.g. biomass)
from soil toicity tests. This is a hypothesis-testing approach, and is subject o appreciable weaknesse$ (81,

The param
normally di
different tre
proceed. If
face of mo
even if mog
be transfor
distribution

10.3 Mult

10.3.1 Gen

For a mult
Effective C

btric analyses (e.g. ANOVA and multiple comparisons) for such data assume that the_datd
stributed, that the treatments are independent, and that the variance is homogeneouscamong
atments. These assumptions shall be tested. If the data satisfy these assumptions,ranalysis
not, data may be transformed and tested again. As parametric tests are reasonably robust in
Herate deviations from normality and equality of variance, parametric analysis‘should proc
erate nonconformity continues after transformation [8l. Data which fail to satisfy either test
med to meet the requirements. If the original or transformed data do not satisfy either tes
of data, then analysis by nonparametric methods shall be carried out.

-concentration tests

leral

-concentration quantal test, the end point is the Effective Concentration, usually the me
bncentration (ECsp). Lethal tests are a sub-category;, and the usual end point is the median Le

are
the
may
the
ped,
ight

for

Hian
thal

Concentration (LCsp). The exposure time shall be given, e.gsthe 14-d-LCsp.

10.3.2 Preljminary test

If a clear dgse-response is obvious, ECy values. can be estimated by using regression techniques like logistic
regression flunction or probit analysis. In other cases, the effect range should be determined by expert knowlegige.
10.3.3 Definitive test

In cases where various dilutions (cohcentrations) of each sample of field-collected soil with negative control
soil or clean reference soil are tested, data can be analysed in two ways:

a) Prefergbly by the ECy (effect concentration) approach

The ECy approach can'orly be used if a clear dose-response relationship is found. Wherever possible, thg R2
(where R is|the regréssion coefficient) should be 0,7 or higher and the test mixtures used should encompass
20 % to 80 Yo effeets. If these requirements are not fulfilled, expert knowledge is necessary for the interpretdtion
of the test rpsults.

To compute an ECy value, the treatment means are used for regression analysis after an appropriate dose-
response function has been found (e.g. probit or logistic function). A desired ECy is obtained by inserting a value
corresponding to x % of the control mean into the equation found by regression analysis. Since ECsg values
have smaller confidence limits compared with smaller effect concentrations (e.g. EC2p), it is recommended that
ECsg values be determined.

b) Alternatively, e.g. if required by legislation, by the NOEC (no-observed-effect-concentration) approach
First of all, a statistical analysis of the homogeneity of the variances shall be made, e.g. by using Cochran’s test.
With homogeneous data, an appropriate statistical analysis, e.g. a “One-Way Analysis of Variance (ANOVA)’,
followed by a one-sided Dunnett test (a = 0,05, where « is the level of significance), should be performed. If
the homogeneity requirement is not fulfilled, it is recommended to evaluate if an appropriate transformation of
the data can solve the problem. Otherwise non-parametric methods, e.g. the U-test by Mann & Whitney or the
Bonferroni-U-Test can be used.
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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 biologically interpreted.

11 Test report

The test report shall include the following information:

a)

b)

-areference-te-thispartoHSO-1H268;

the results expressed in accordance with 8.2;

the complete description of the biological material employed (species, age, mass rang
conditions, supplier);

the origin of the field soil used as a control and dilution soil (if appropriate),

any soil treatment prior to the test,

the method of preparation of the test sample, including the solvent tsed for a water-insoluble
the identity of the reference substance and the results obtaingd,when using it;

the conditions of the test environment;

the method used for calculation of LCxp;

a table giving the percent mortality obtained for each container, for each concentration and for
the mass (e.g. range and mean) of live worms ‘at the end of the test;

if the data are available, the highest cefcentration causing no observed effects (NOEC);

a description of obvious or pathological symptoms or distinct changes in behaviour obssg
test organisms;

the water content and pH-of artificial soil at the start and end of the test;

all details not specified in this part of ISO 11268 or considered as optional, as well as any effec
have affected the.results.

b, breeding

substance;

the control;

rved in the

| which may
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Annex A
(informative)

Determination of the acute toxicity of chemicals (in particular pesticides)

on earthworms under tropical test conditions

Al Ge

Most of th
countries, 3

neral

b data used in the risk assessment of chemicals, in particular pesticides applied in" tropical
re generated in North America or Europe (i.e. with temperate species). However, an, extrapoldtion

of temperafe data to tropical conditions without a scientific basis can lead to erroneous results. Therefore,

data used
tropical con
perform thi
Brazil [131 [11

Basically, the test is performed as described in the main body of this part of/ISO 11268. Therefore, in

following, o
regards the

A.2 Mo(difications to Clauses 3, 5, 6 and Annex B

A21 C

3.13

temperate
(soil ecotox
(i.e. most of

EXAMPLE

3.14

tropical co
(soil ecotox]
(i.e. most of

EXAMPLE

A22 C

ditions. This Annex describes the modifications to this guideline which are™necessary in ord
5 test under tropical conditions. The information provided is based on (egent work performe
(271 and Sri Lanka [4103],

nly those issues which shall be modified are listed (for examiple, no changes are necessar
test design, reference testing or validity criteria).

pncerning Clause 3, Terms and definitions

conditions
cological testing) abiotic conditions considered to be typical for the temperate regions of the w
Europe and North America)

Maximum temperature of 20°%€"and sandy to loamy soils.

nditions
cological testing)-abiotic conditions considered to be typical for the tropical regions of the w
South America;"Central Africa and Southern Asia)

A highertemperature of 26 °C to 28 °C and clayey soils.

bncerning Clause 5, Reagents and material

51

Biglogical material

for the environmental risk assessment of chemicals in the tropics should|be gained umpder

r to
d in

the
as

orld

orld

The same species (Eisenia fetida or Eisenia andrei) shall be used. However, the starting culture should
originate from a tropical site, i.e. with animals that are already adapted to a higher temperature, for example.
The compost worm has invaded many tropical soils following European settlements [11.

5.2.2 Artificial soil

When preparing artificial soil, the amount of organic matter (10 % or, if changed in general, 5 %) used originally
shall be replaced by coir dust or composted coco peat [61131120] Other changes are not necessary. Coir is
the name given to the fibrous material that constitutes the thick mesocarp (middle layer) of the coconut fruit.
Coconut peels extracted from green fruits shall be air-dried and finely ground. Before use in soil substrates,
wet the resulting coconut powder and store it for a complete composting process for at least 30 days. After the
fermentation activity ceases, air-dry and sieve the material. In contrast to sphagnum peat, the material already
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has a neutral pH (6,0 to 6,5), thus no further use of calcium carbonate is necessary. Due to the efforts needed
to prepare coir material, it is recommended to buy coir material that is already composted (e.g. in garden shops).

Do not buy material which — like sphagnum peat in temperate countries — has been amended with fertilizers.
If in doubt about whether the material is composted or not, it shall be wetted for a few days in order to see

whe

A.2

ther fermentation is still occurring or not.

.3 Concerning Subclause 6.6, Test environment

6.6.1 Enclosure

Acc

A.2

Bre
sub
coir

prding to the availlable literature, tests can be performed at Zo U 10 Zo .

4  Concerning Annex B

bding should be performed at the same temperature as used in the test (i.e. 26 °C40’28 °C). T

composted coco peat should be used.

he breeding

strate can vary according to local sources, but in general a 50:50 mixture of horse or cattle manure and
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Annex B
(informative)

Culturing of Eisenia fetida and Eisenia andrei

Breeding should preferably be carried out in a climatic chamber at (20 + 2) °C. At this temperature and with the
provision of sufficient food, the worms become mature after about two months to three months.

To obtain w
has been ef
to 28 days
from the co
transferred

when they are between three months and 12 months old and considered to be adults.

Both specig
mixture of h

prms of standard age and size (mass), it is best to start the culture with cocoons. Once the.cu
stablished, it is maintained by placing adult worms in a breeding box with fresh substratefor14 ¢
o allow further cocoons to be produced. The adults are then removed and the juvenilés’proddy
coons used as the basis for the next culture. The worms are fed continuously with anirmal waste
into fresh substrate from time to time. The worms hatched from the cocoons aréused for tes

s can be cultured in a wide range of animal wastes. The recommended breeding mediumisa5
orse or cattle manure and peat. Checks should be made to ensure that eows or horses from w

manure is

nematicide$ or similar veterinary products that can adversely affect the worms during the test. Self-colle
manure obfained from an organic source is recommended, since experience has shown that commerg
available mpnure used as garden fertilizer can have adverse effects on the worms. The medium should
a pH value pf approximately 6 to 7 (adjusted with calcium carbonate),>a low ionic conductivity (less than 6
or 0,5 % s4dlt concentration) and should not be contaminated excessively with ammonia or animal urine.
substrate slhould be moist but not too wet. Breeding boxes of 10\'to 50 | capacity are suitable.

Worms can
reproduce (
posterior en

btained are not subject to medication or treatment with substances; such as growth promo

be considered to be healthy if they move throughithe substrate, do not try to leave the substrate
ontinuously. Substrate exhaustion is indicated by worms moving very slowly and having a ye
d. In this case, the provision of fresh substrate and/or a reduction in stocking density is recommen

ture
ays
ced
and
ting

D:50
hich
ers,
Cted
ially
ave
mS
The

and
llow
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