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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. ISO 15799 includes a list and
short characterization of recommended and standardized test systems. 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. For the latter, a standardized test system using Enchytraeidae (a
chronic test with end-point reproduction) is proposed.
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ts of contaminated soils to adult Enchytraeidae of the genus Enchytraeus. Optionally,
e used for testing substances added to standard soils (e.g. artificial soil) for their sublg

htial to Enchytraeidae.

oo

Hwelling annelids of the genus Enchytraeus are ecologically relevant, i.ehthey are
F soils where earthworms are scarce, but can also reach high population densities
pited by earthworms. Enchytraeidae can be used in laboratory testsjas well as in se
studies. From a practical point of view, many Enchytraeus species-are easy to handls
their generation time is significantly shorter than that of earthworms [the test du
pduction test with Enchytraeidae is four weeks to six weeks, compared to eight week

including synchronization) with earthworms]. In addition, a much smaller volume of soil is n

ench

This
by th

ytraeid test compared to the amount needed in earthworin tests.

[nternational Standard has been drawn up taking into.consideration test procedures re
e Organization for Economic Cooperation and Devélopment (seel22],[24]).
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Soil quality — Effects of contaminants on Enchytraeidae
(Enchytraeus sp.) — Determination of effects on
reproduction

1 Scope

This

International Standard specifies one of the methods for evaluating the habitat fungd

and dletermining effects of soil contaminants and substances on the reproduction of Enchy

dern
quali
unde

Effed
cont
the d
eithe
artif

This
und¢

al and alimentary uptake in a chronic test. It is applicable to soils and soil matérials
ty, e.g. from contaminated sites, amended soils, soils after remediation, aggicultural o
r concern and waste materials.

ts of substances are assessed using a standard soil, preferably a defined artificial soil st
nminated soils, the effects are determined in the soil to be tested afid'in a control soil. 4
bjective of the study, the control and dilution substrate (dilution series of contamina
r an uncontaminated soil comparable to the soil to be tested {réference soil) or a stand
cial soil).

International Standard provides information on how(to use this method for testing
r temperate conditions.

The method is not applicable to volatile substances, i:exsubstances for which H (Henry’s con

air/v

25 °(.

NOTH

2

The
indig
refer

ISO ]
aerol

ISO 1
ISO

Fater partition coefficient is greater than 1, orffor which the vapour pressure exceeds

No provision is made in the test method for monitoring the persistence of the substance

Normative references

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition ‘of the referenced document (including any amendments) appl

0381-6, Soil quality*— Sampling — Part 6: Guidance on the collection, handling and storage
bic conditionsfor)the assessment of microbiological processes, biomass and diversity in th¢

0390, Soil'quality — Determination of pH

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

analy

tion of soils
traeus sp. by
of unknown

I other sites

ibstrate. For
\ccording to
ted soil) are
ard soil (e.g.

substances

stant) or the
,013 3 Paat

under test.

ent and are
For undated
es.

of soil under
b laboratory

(elementary

1Sis)

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

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

[SO 11465, Soil quality — Determination of dry matter and water content on a mass basis — Gravimetric

meth

od

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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reproduction
mean number of offspring per test vessel after incubation under the specified test conditions

Note 1 to entry: The test period for the determination of the reproduction (definitive test) is six weeks.

Note 2 to entry: offspring = hatched juvenile enchytraeids

3.2

reproduction rate
mean number of offspring produced per a number of adults over the test period

Note 1 to ent
Note 2 to ent

3.3

ECx
effect concq
concentrati
a given expd

EXAMPLE
population oy

Note 1 to ent
When substa
per kilogram

3.4

LOEC
lowest obsgd
lowest test s

Note 1 to ent
All test conce

3.5

NOEC

no observe
highest test

Note 1 to ent]
(p<0,05) wi

3.6
test mixtur
mixture of d

Fy: The test period for the determination of the reproduction (definitive test) is six weeks.

Fy: offspring = hatched juvenile enchytraeids

entration for x % effect
n (mass fraction) of a test substance that causes x % of an effect on.a given endpoint w
sure period when compared with a control

rer a defined exposure period.

'y: The ECx is expressed as a percentage of soil to be tested\(dry mass) per soil mixture (dry n
hces are tested, the ECx is expressed as mass of the test sabstance per dry mass of soil, in millig

rved effect concentration
ubstance concentration that has a statistically significant effect (probability p < 0,05)

'y: In this test the LOEC is expressed-as'a mass of test substance per dry mass of the soil to be tg
ntrations above the LOEC should usually show an effect that is statistically different from the co|

[ effect concentration
substance concentration immediately below the LOEC at which no effect is observed

ry: In this test; the concentration corresponding to the NOEC, has no statistically significant
hin a given exposure period when compared with the control.

e
ontaminated soil or test substance (e.g. chemical, biosolid, waste) with control soil

ithin

An EC50 is a concentration estimated to cause an effect on a test,end point in 50 % of an exposed

hass).
rams

psted.
ntrol.

bffect

3.7

test mixture ratio
ratio between the soil to be tested and the control soil in a test mixture

3.8

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

3.9
reference s

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 or standard soil used as a control and as a medium for preparing dilution serjes
be tested or a reference substance, which fulfils the validity criteria

ith soils to

Note
the td

1 to entry: In the case of natural soil, it is advisable to demonstrate its suitability for a testand
st validity criteria before using the soil in a definitive test.

for achieving

4 1

The ¢
rang
are y

Principle

to a dilution
bst mixtures

ffects on survival and reproduction of adult Enchytraeidae (Enchytraeus sp.) exposed
b of contaminated soil or range of concentrations of a test substance are determined. T¢
repared at the start of the test and are not renewed within the test period.

toxic effects
survival of

The t
(mai
pare
tests
caus
redu

est can be divided into two distinct steps: a short (two wéeks) test in which the range of
hly mortality) is determined, and a long-term (six weeks) definitive test in which thg
htal worms and the fecundity (number of juveniles) are measured. The results obtained from the
are compared with a control and are used to determine the dilutions or concentrgtions which
e no effects on survival and reproduction (NOEC) and the concentration (dilution) restilting in x %
ction of juveniles hatched from cocoons compared to the control (ECx, 42 d).

All tq
obse
subs

st dilutions/concentrations above the:LOEC have a harmful effect equal to, or great
rved at the LOEC. Where there is no-prior knowledge of the dilution/concentratior]
Fance likely to have an effect, thenitis useful to conduct the test in two steps:

gdn acute toxicity test (range-finding test) is carried out, to give an indication ¢
dlilution/concentration, and’ the dilution/concentration giving no mortalif

Dilutions/concentrations to’be used in the definitive test can then be selected;

1

q

he definitive test on reproduction to determine sublethal effects of (dilutions of) cq
oil or the concentpation of a substance which, when evenly mixed into the standard
o significant gffects on numbers of offsprings hatched from cocoons compared with

er than that
1 of the test

f the effect
y (NOEC).

ntaminated
soil, causes
the control

NOEC), and.the lowest concentration causing effects (LOEC).

NOTH [ status of the

test

Thelrse of a suitable reference soil is an essential requirement to demonstrate the presen
opulatien, and to avoid misinterpretation of results.

5 Reagents and material

5.1 Biological material, recommended test speciesis Enchytraeus albidus Henle 1837 (white potworm;
Enchytraeidae, Oligochaeta, Annelida). E. albidus is one of the largest enchytraeid species, measuring
15 mm to 40 mm, and has a world-wide distribution (see e.g.[21],[31]). It can be easily recognized by two
characteristics: four setae per bundle ventrally, and the very long seminal duct in the clitellum region
as well as some segments behind it. The species can be found in marine, limnic and terrestrial habitats,
mainly in decaying organic matter (seaweed, compost) and only rarely in meadows. This broad ecological
tolerance and some morphological variations indicate that the species probably consists of several
races (or ecotypes). E. albidus can be obtained commercially, since it is sold as food for fish. It should be
verified whether such a culture is contaminated by other, usually smaller species (see e.g.[Z],[10],[32]). If
contamination of the culture occurs, all worms are washed in water in a Petri dish. With the help of a
stereomicroscope, large adult specimens of E. albidus are selected to start a new culture. All other worms
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of the original culture are discarded. E. albidus can be bred easily in a wide range of organic materials (see
Annex A) and has a short life cycle, reaching maturity between 33 d (at 18 °C) and 74 d (at 12 °C). Only
cultures which have been kept in the laboratory for at least five weeks (one generation cycle) without
problems shall be used for testing purposes.

Other species of the genus Enchytraeus, especially the true soil-inhabiting but smaller species E. crypticus
Westheide and Graefe 1992 or E. buchholzi Vejdovsky 1879, are also suitable as test organisms (see
Annex B). If other species of Enchytraeus are used, they shall be clearly identified and the rationale for
the selection of the species as well as deviations of the experimental method should be reported in this
case. The worms used in the tests should be adult with eggs (white spots) in the clitellum region and
should have approximately the same size (approximately 15 mm). A synchronisation of the breeding

culture is nd
conditions ff
source in th

For one test

tnecessary. I'he Enchytraeldae should be acclimatised in untreated artificial soil unde
pr at least 24 h prior to testing. During this period, the same food which is used as'a
b test should be given in sufficient amount.

an excess number of adult clitellate worms should be taken from the cult@re box wit

observing them in detail in order to get enough suitable worms. At the end of the acclimatization p4g

only wormsg
for the test.
water unde]
reconstitutd

with eggs and behaving as usual (e.g. not trying to leave the artificial soil) are selg
This selection is made by placing the worms in a Petri dish filled-with a small amouy
a stereomicroscope, and discarding the animals without eggs. A\freshwater medium
d water as described inl23]) should preferably be used, since d¢mineralized water o

water (risk of copper contamination) can harm the Enchytraeidae. During'this process, other organ

living in the

NOTE

cultures, such as mites, are also removed from the worms:

An example of culturing Enchytraeus sp. is given in Annex A.

5.2 Testmixture, which may consist of field-collected soil 6r:control soil amended by the test subst

5.2.1 Fiel

The sample
waste matej
material, or

The fields s
fragments 4
Storage of s
ISO 10381-4
the containe

For interpre
from a field
a) pHinag

texture

1-collected soil or waste

) can be field-collected soil from an_industrial, agricultural or other site of concer
ials (e.g. dredged material, municipal sludge from a wastewater treatment plant, comp
manure) under consideration for._possible land disposal.

ils used in the test shall be'passed through a sieve of 4 mm square mesh to remove c
nd thoroughly mixed. If necessary, soil may be air-dried without heating before sie|
pils to be tested should be as short as possible. The soil shall be stored in accordance
using containers thatminimize losses of soil contaminants by volatilisation and sorpti
rwalls. Soil pH shioiild notbe corrected as it can influence bioavailability of soil contamin

Site:

cordance with ISO 10390;

b)

(sand, loam, silt) in accordance with ISO 11277;

I test
food

hout
riod,
pcted
nt of
(e.g.
Ir tap
isms

ance.

n, or
osed

arse
ving.
with
pn to
ants.

tation of testresults, the following characteristics shall be determined for each soil sampled

c)
d)
e)
)
NOTE

cation e
organic

It

water content in accordance with ISO 11465;

water holding capacity according to Annex C;

xchange capacity in accordance with ISO 11260;
carbon in accordance with [SO 10694.

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

5.2.2 Control soil, either a) reference (3.9) or b) standard soil (3.10) that allows the presence of
Enchytraeidae (at least the validity criteria shall be fulfilled). Control soil and soil used for dilution shall

not differ in

one test (either a) or b)).
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If reference soils from uncontaminated areas near a contaminated site are available, they should

be treated and characterized like the soils to be tested. If a toxic contamination or unusual soil
properties cannot be ruled out, standard control soils should be preferred.

b) For testing the effects of substances mixed into soil, standard soils (e.g. artificial soil, LUFA) shall be
used as test substrate. The properties of the field-collected standard soil shall be reported.

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

rema,

than

Appr
geta

NOTH
have

Prep

listedl above thoroughly in a large-scale laboratoryxnixer. A portion of the deionized wa

is ad
on p
samyj
days
soil i
the |

The {
ISO 1

NOTH
soil.

5.3

Rolle
orga
oats

Percentage expressed on
dry mass basis

Sphagnum peat finely ground and with no visible plant 10 %
ns

Kaolinite clay containing not less than 30 % kaolinite 20 %

Industrial quartz sand (dominant fine sand with more 69 %
50 % of particle size 0,05 mm to 0,2 mm)

oximately 0,3 % to 1,0 % calcium carbonate (CaCO3, pulverised,fanalytical grade) are 1
pH of 6,0 £ 0,5.

1  Taking the properties of highly non-polar (log Kow > 2) of ionizing substances into accout
proven to be sufficient for maintaining the desired structure.of the artificial soil.[22]

hre the artificial soil at least three days prior togstart the test, by mixing the dry

ded while mixing is continued. The amount.of calcium carbonate required can vary
roperties of the individual batch of sphagnum peat and should be determined by mej
les immediately before the test. Store the mixed artificial soil at room temperature for
to equilibrate acidity. To determine pHand the maximum water holding capacity, the (
5 pre-moistened one or two days before starting the test by adding deionised water to g
pquired final water content of 40 % to 60 % of the maximum water holding capacity.

otal water holding capacitysis'determined according to Annex C, the pH is determined
0390.

2 Allowance should be made for any water that is to be used for introducing the test subst

Food

d oats, preferably autoclaved (heating is also possible) before use to avoid infectior
hisms;were found to be suitablel31]. The first feeding is made by mixing 50 mg of gi
pef test vessel into the soil (after application of the test substance but before adding

pecessary to

t, 5 % of peat

ronstituents
er required
, depending
isuring sub-
atleast two
Iry artificial
btain half of

hccording to

ance into the

with other
ound rolled
the worms);

addi

face to avoid

ional ﬁapdingq (7"4 mg per vessel per week except after 28 d) are made rm]y on the sur

harming the worms. Since the need for food can vary in the different vessels, feeding should be adjusted
to demand (i.e. over-feeding shall be avoided). Some soil particles should be placed on top of the flasks
in order to reduce fungal growth.

5.4

Reagents

5.4.1 Bengal red.

5.4.2 Ethanol.

5.4.3 Boric acid, suitable as reference substance.
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6 Apparatus

Usual laboratory equipment and the following.

6.1 Test container, of capacity 0,20 1 to 0,25 I, with a diameter (e.g. 5 cm) enabling a depth of 1,5 cm to
2 cm of soil, with lids (e.g. glass or perforated plastic film). The beakers shall be suitable as test vessels,
containing an amount of artificial soil corresponding to 20 g dry mass. The lids shall permit gaseous
exchange between the soil substrate and the atmosphere.

6.2 Drying cabinet.

6.3 Sterel)microscope.

6.4 Balances with a weighing range of 50 g to 32 kg; precision atleast 1 g.

6.5 Analyj

6.6 pH-m

6.7 Temperature registration (e.g. temperature/humidity recorder):

6.8 Luxn

6.9 Mixern

6.10 Incubfator or small room with air-conditioner.

6.11 Jewel

6.12 Photd

7 Test el

Cover the te
conditions f]
be (20 % 2) 9
cycle of long
prevent the

Weigh the v

tical balance with a weighing range of 10 mg to 200 g; precision at least\I'mg.

eter.

eter.

er’s tweezers, hooks, loops or a small-brush.

basins with ribbed bottoms,

nvironment

5t vessels (6.1) withiglass lids to prevent the test substrate from drying, and keep unde
br two weeks (range-finding test) or six weeks (definitive test). The test temperature
C; higher temperatures can affect reproduction. Carry out testing in a controlled light;
-day conditions, preferably 16 h to 8 h at 400 Ix to 800 lx in the area of the test vessg
worms from escaping from the soil.

bssels'at the beginning of the test and thereafter once a week. Replenish the mass loss

" test
shall
dark
Is, to

with

the appropr

jate’amount of deionized water. This loss can be minimized by maintaining a high hum

idity

(>80 %) in the test incubator (6.10). Place all test vessels in the test incubator in a random order, which
should be changed every week.

At the beginning and the end of both the range-finding test and the definitive test, the water content and
the pH should be measured. To facilitate checking of the pH and water content of the test substrate, use

of additiona

| containers (replicates) for each concentration and for the control is recommended.
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8 Procedure
8.1 Experimental design

8.1.1 General

A sample of field-collected soil can be tested at a single concentration (typically 100 %) or evaluated
for toxicity in a multi-concentration test whereby a series of concentrations (dilutions) are prepared
by mixing measured quantities with a control soil (5.2.2). Depending on the knowledge of relevant
response levels a range-finding test may precede the definitive test. Each definitive test consists of a
seri

£ =1 . Va . 1 . 1 h] 1 £ .
O SOIT'IITXTULCS [LICAUICTILS ). LACII LI CAUITICIIU LS TEPIILAated dl 1€4d51 10UT UIIICS.

8.1.7 Range-finding test

Atesltto find the range of mixture ratio affecting Enchytraeidae is optional. If it is.necessary t
the rpnge of concentrations (dilutions) for use in the definitive test, perform a(range-finding
in alprge range of concentrations (dilutions) of the contaminated soil, e. g.0 %-1 % -5 % -
-75
(the
(5.2.R) and a control using 10 worms per container.

The 1

8.1.3

The

samy
to be
or atlypical physicochemical characteristics,Ain a standard soil. Results for the standard §
disti
properties. Regardless of whether a referénce soil or standard soil is used for the statistical c
the results from standard soil shall be used to judge the validity and acceptability of the te

If, fo
poss

P — 100 %, or of the test substance, e.g. 0 mg/kg, 1 mg/kg, 10 mg/kg,-100 mg/kg and 1
concentrations being expressed in milligrams of test substance perKilogram of dried s

ange-finding test is conducted without replication.

Definitive test

les of a field-collected soil are characterized by*a comparison of the biological effects f
tested with the effects found in a references@il or, if not available or not appropriate dy

hguishing contaminant effects from non-contaminant effects caused by soil phyq

" characterization purposes;-a test design including dilution series is required, three
ble (the concentrations,shall be spaced by a factor not exceeding 2):

For the NOEC approach, at least five concentrations in a geometric series should be
feplicates for each‘Concentration plus eight controls are recommended.

For the ECx approach, 12 concentrations should be used. Two replicates for each cc
lus at least-six controls are recommended. The spacing factor can be variable; sm
oncentrations, larger at high concentrations.

or-the mixed approach, six to eight concentrations in a geometric series should bég
eplicates for each concentration plus atleast eight controls are recommended. This mix

o determine
(acute) test
25 9% -50 %
000 mg/kg
tandard soil

design of the definitive test depends on the test objectives. Typically the habitat properties of

br the soil(s)
e to toxicity
oil assist in
icochemical

bmparisons,
t.[14]

designs are

used. Four

ncentration
aller at low

used. Four
ed approach

allows a NOEC as well as an ECx evaluation.

Alimit test can be sufficient if in the range-finding test no toxic effect was observed. In the limit test only
the soil to be tested without any dilution and the control (or the soil to be tested vs. the control soil) shall
be tested with at least four replicates each.

If the soil to be tested has properties that are quite different from the usual standard control soils (e.g.
OECD artificial soil or LUFA 2.2 soil), for instance a rather low or high pH, or very low or high organic
matter or clay contents, it is essential to have a reference soil that has similar properties. In that case,
control performance of the enchytraeids can, however, be less good than ‘usual’ and quality control of
the test is not possible on the basis of the reference soil. For assessing toxicity of the soil to be tested, it
is important however to have such a reference soil, which can also be used to prepare dilution series of
the soil to be tested. For test quality assessment it is essential in such case to include both a reference
and a standard control soil.
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8.2 Preparation of test mixtures

8.2.1 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 equal to 20 g (dry mass) in each test container (6.1). The test mixture shall be wetted with deionised
water to reach 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. This can be easily tested
by compressing the substrate by the fist and looking for water coming through the fingers

Determine { t the

beginning a

he pH for each test mixture (one container per concentration) according to ISO 10390 4
hd end of the test (do not adjust the pH).

WARNING A
harmful ch
or evaporat

wise
dust

— Contaminated soils can contain unknown mixtures of toxic, mutagenic,or other
emicals or infectious microorganisms. Occupational health risks camarise from
fed chemicals as well as via dermal contact during handling and incubation.

8.2.2 Testing substances added to the test substrate

For each te
Standard so
thoroughly.

bt container (6.1), the quantity of substrate used shall be-equivalent to 20 g (dry njass).
il (5.2.2) is used as test substrate. Substances are added to the test substrate and npixed

For the intr¢duction of test substances use either method a), bjyor c), as appropriate:

a) Water-soluble substance

Immediately
for the repli
the requirer

b) Substan

Dissolve the
(such as ace
solvent by p

 before starting the test, dissolve the quantity of the test substance in the water reqj
cates of each concentration (or that portion of it necessary to wet the soil) in order to
nents of 5.2.2, and mix it thoroughly-with the soil before introducing it into a test contg

ces insoluble in water but soluble.in organic solvents

hired
meet
liner.

quantity of test substancetequired to obtain the desired concentration in a volatile s
fone or hexane) and mixitwith a portion of the quartz sand required. After evaporati

ofvent
the
acing the container under a fume hood, add the remainder of the soil and the water andl mix

it thoroughlly before introducing-tinto the test containers.

NOTE Ultrasonic dispers§ioit, organic solvents, emulsifiers or dispersants can be used to disperse subst
with low aquleous solubility:When such auxiliary substances are used, all test concentrations and an addit
control should containthe’Same minimum amount of auxiliary substance.

hnces
ional

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

c) Substances insoluble in water or organic solvents

For a substance insoluble in a volatile solvent, prepare a mixture of 10 g of finely ground industrial quartz
sand (see 5.2.2) and the quantity of the test substance required to obtain the desired concentration.
Place the mixture, the remainder of the soil (5.2.2) and the water into the test container (6.1) and mix
thoroughly.

Base the concentrations selected to provide the LOEC/NOEC on the results of the range-finding test.
Space the concentrations by a factor not exceeding 2.

Substances mixed into the substrate do not need to be tested at concentrations higher than 1 000 mg/kg
mass of test substrate.

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

8.2.3 Preparation of control container

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

Use one control container for the range-finding test and four to eight control containers, depending on
the test design (see 8.1.3).

Prep
requ
test {

8.3

Into
test
assig

Cove
(6.10

8.4

arethecontrotcontatmrers—imthe—sanme way as the—testcontaimers—1Hthe prepat atio
res the use of a solvent (see 8.2.2), use an additional control prepared with solventbut
ubstance. Cover the containers as indicated in 6.1.

Addition of the biological material

each test container and the control container 10 Enchytraeidae (5.1) are placed carg
mixture surface, using a suitable device (6.11). The selection of the-individual worn
nment to batches of 10 should be made in a randomized fashion

r the container as indicated in 6.1 and place it in the incubater or small room with air

).

Test conditions and measurements

The

weelf with 50 mg at the beginning of the test and afterwards with 25 mg dry mass rolled oat
If fodd consumption is low, reduce feeding to a minimum to avoid fungal growth or mouldin
the spil to be tested is carefully searched manually (e.g. using a jeweller’s tweezers, a hook

uration of the first part of the testis 21 d (assessment of mortality). The adult worms a

1 of the test
without the

fully on the
ns and their

Lconditioner

re fed once a
s per vessel.
b After 21d,
or loop, or a

small brush with a hook) for the adult woryms, which are then removed and counted. Morphfological and

behavioural changes of the adult wormis'are recorded. If mortality is the main end point of

who

The {
the f

The juvenile worms hatched in the second half of the definitive test are fed with 25 mg dry

oats
total
Beng
The f
clay

NOTH

procedure is stopped at this paint.

ame soil to be tested to which the adult worms were exposed, including cocoons depo
rst three weeks of the test] is incubated under the same test conditions for another 4

per vessel per week [except after four weeks). Again, over-feeding shall be avoided (s¢
test duration of'six weeks, the juveniles hatched in the meantime are counted by sf
al red (5.4). Wet)(but not heat) extraction techniques have also proved to be suitable (s
irst methodiSTecommended, since wet extraction is difficult to use with artificial soil
particlesimake the water turbid.

Amnex D gives examples of two suitable methods, including one which allows counting o

the test, the

sited during
hree weeks.
mass rolled
e 5.3). After
aining with
be Annex D).
because the

[ cocoons.

8.5

Rererence substance

The NOEC and/or the ECx of a reference substance shall be determined to provide assurance that
the laboratory test conditions are adequate and to verify that the response of the test organism does
not change statistically over time. It is advisable to test a reference substance at least twice a year
or, when testing is carried out in lower frequency, in parallel to the determination of the toxicity of
a test substance. Boric acid is recommended as a reference substance. If the compound is mixed into
the substrate, observe the effects on reproduction (o = 0,05) at concentrations of between 400 mg and
600 mg boric acid per kilogram dry mass of substrate.
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9 Calculation and expression of results

9.1 Calculation

For each dilution or concentration, determine the percent mortality, of the adults and number of offspring
produced in the definitive test.

Compare means by suitable statistical methods, e.g. Williams, Dunnetts or Student-t-test and test for
significance (a = 0,05) of differences from control(s).

9.2 Expressionofresults

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 test mixture ratio should be prepared.
This compatison or curve gives an impression of the quality of effects and their magnitudes. Expregs the
mixture ratjo as based on soil dry mass.

If dilution s¢ries were performed indicate:

— in % soll to be tested based on dry mass or in milligrams per kilogramcofidried soil substrat¢, the
median|percent dilution of contaminated soil or median lethal concentration of the test substance,
which rgduces the number of juvenile worms to 50 % compared to the control within the test period
and

— thesoil mixture ratioimmediately below the LOEC or highesttested concentration of a test subsfance
which when compared to the control has no statistically significant lethal or other effect sufh as
reprodyction (p < 0,05).

10 Validity of the test
The results pre considered to be valid if the following conditions are met in the control:

a) The mortality of the adult worms shouldnot exceed 20 % on average at the end of the range-finding
test and after the first three weeks of\the definitive test.

b) Inthe dgfinitive test, the average mamber of juveniles should be higher than 25 per test vessel gt the
end of the definitive test, assuming that 10 adult worms (with eggs in the clitellum region) pef test
vessel were introduced at the beginning of the test.

c) The coefficient of varjation calculated for the reproduction data should be not higher than 50|% at
the end|of the definitive test.

11 Statistical analysis

11.1 General

Analyses of the results differ according to the purposes and particular designs of the test. Standard
statistical procedures (e.g. Analysis of variance and multiple comparisons) generally are sufficient for
analysing the results.

11.2 Range-finding test

If a clear dose-response is obvious, ECx-values can be estimated by using regression techniques like
logistic regression function or probit analysis. In other cases the effect range should be determined by
expert knowledge.
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11.3 Definitive test

Analysis of variance (ANOVA) involving multiple comparisons of end-point data derived for undiluted
soils to be tested (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 findings
from soil toxicity tests (see Annex E). This is a hypothesis-testing approach, and is subject to appreciable
weaknesses.[Z] 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, 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 trarsformation.
(71,18

In cajses where various dilutions (concentrations) of each sample of field-collectedisoil with control soil
are tpsted, data can be analysed in two ways:

— INOEC (No-observed-effect-concentration)-approach

First|of all a statistical analysis of the homogeneity of the variances shallbe made, e.g. by usihg Cochran’s
test.|With homogeneous data, an appropriate statistical analysis, e.gi.a“One-Way Analysid of Variance
(ANQVA)”, followed by a one-sided Dunnett test (¢ = 0,05), should*be performed. If the Homogeneity
requjrement is not fulfilled, it is recommended to evaluate if an’appropriate transformation of the data
can dolve the problem. Otherwise non-parametric methods, é:g. the U-test by Mann and Whitney or the
Bonferroni-U-Test can be used.

If a ljmit test has been performed and the pre-requisites (normality, homogeneity) of parpmetric test
procgdures are fulfilled, the Student-t-test, otherwise the Mann-Whitney-U-test proceduie should be
used

— [ECx (effect concentration)-approach

The ECx-approach can only be used if.a(clear dose response relationship is found. Whereyer possible,
the RZ should be 0,7 or higher and the test mixtures used encompass 20 % to 80 % effdcts. If these
requjrements are not fulfilled, expert knowledge is necessary for the interpretation of the test results.

To cgmpute an ECx-value, the'\treatment means are used for regression analysis after an [appropriate
dosefresponse function has“been found (e.g. probit or logistic function). A desired ECx|is obtained
by inserting a value corresponding to x % of the control mean into the equation found by regression
analysis. Since EC50 yalués have smaller confidence limits compared with smaller effect coficentrations
(e.g. EC20), it is recommended to determine EC50 values.

In anjy case theresults of the statistical evaluation should be interpreted, taking the biological knowledge
on tHe morphology and behaviour of the worms into account.

12 Test report

The test report shall include the following information:
a) areference to this Inernational Standard: ISO 16387;

b) afull description of the experimental design and procedures, including a description of the standard
soil and test equipment used;

c) chemical identification of the test substance according to IUPAC nomenclature, batch, lot and CAS
number, structural formula, and purity of the test substance;

d) properties of the soil to be tested;

e) properties of the test and reference substance (e.g. stability in soil);
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f)
g)
h)
j)
k)
1)

p)
q)

12

method

of application;

identification of the test organism and description of stock cultures;

description of the culturing conditions;

source of supply of the test organism;

description of the test conditions, including water content and pH value of the standard soil at the

start an

d end of the test;

mortality of the adults at the end of the range-finding test;

mortali
test;

descrip
in the td

statistig
calculat

all infoq
test and

discuss

all deta

[y of adults after three weeks and the average number of juveniles at the end of the defiy]

fion of obvious physical or pathological symptoms or distinct changes in behayiour obsg
st organisms;

ally calculated values (LC50, NOEC and/or ECx) including 95 % confidence limits, meth
ion, plot of the dose-response relationship;

mation, including all measured raw data, developed during, allphases of testing wit
reference substances;

on of the results;

Is not specified in this International Standard or which are optional, as well as any inc

which may have affected the results.

itive

rved

od of

h the

dent
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Annex A
(informative)

Conditions for culture of Enchytraeus sp

Culture conditions

ytraeidae of the species Enchytraeus albidus (as well as other Enchytraeus sp.) canbel
icboxes (e.g.30cm x 60 cm x 10 cm) filled withamixture ofartificial soiland natural;uincc
en soil. Compost material should be avoided since it can contain toxic testi substar
y metals (untreated garden compost without household material is also suitable). Evg
frate should be defaunated before use. Pure artificial soil is also possiblé;but reprodu
er compared to mixed substrates. The substrate should have a pH of-6,0+ 0,5. The cu
incubator at a temperature of 15 °C to 20 °C without light. In any case, a temperature
shall be avoided. The artificial/natural soil moisture is moist but\iot wet. When the
bed by hand, only small drops of water should appear. In any casé anoxic conditions sha

Id be aerated by carefully mixing it once a week.

worms are fed approximately twice a week with a preper amount of rolled oats, whic}
e soil surface or carefully mixed into the substrate; If food from the last feeding date
pil surface, the amount of food given shall be adjusted accordingly. If fungi grow on th

it should be replaced by a new quantity of rdlled oats. From time to time, the rolled

supplemented with milk and cod-liver oil. After tlitree months, the animals are transferred i

prep
be ay
Astig
disin|
sour
keep

the

In ge

hred culture or breeding substrate. Thecrolled oats, which shall be stored in sealed ve
itoclaved or heated before use in order to avoid infection by flour mites (e.g. Glyz
mata, Acarina) or predacious mites{[e.g. Hypoaspis (Cosmolaelaps) miles, Gamasida, Ac
fection, the food is ground so thatit can easily be strewn on the soil surface. Another p
Ce is baker’s yeast or fish foed. If a culture is infected by mites, their number can be
ng the substrate slightly dry:for some days so that the worms retreat in deeper layers;

Jppermost centimetres of the substrate (including most of the mites) can be removed
Abso
seleg
cank

lutely mite-free cultures are only available if the substrate is put in water and adulf
ted manually into, @newly made fresh substrate, preferably using a binocular lens since
e transported by-hanging onto the worm cuticle.

neral, the culture conditions are adequate if worms

o not tryto leave the substrate,

f different ages are visible,

red in large
ntaminated
ces such as
ry breeding
ction can be
lture is kept
higher than
boil is gently
1 be avoided

if a lid is used, the number of lid holes shall be sufficient).¢Additionally, the breeding substrate

are strewn
remains on
e remaining
oats can be
nto a freshly
bsels, should
yphagus sp.,
arinal. After
ossible food
reduced by
afterwards,
echanically.
worms are
small mites

move quickly through the soil,
are more or less whitish-coloured,

exhibit a shiny outer surface without soil particles clinging to it.

Finally, worms can be considered to be healthy if they reproduce continuously.

A2

Life cycle data of E. albidus

Based on data from several sources, some life cycle data of E. albidus are summarized in Table A.1.

© IS0 2014 - All rights reserved
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Table A.1 — Life-cycle data of E. albidus

Parameter Data (seell0]) Data (seel28])
Temperature 18 °C 12°C
Eggs per cocoon 10 7
Non-developed cocoons 50 % 60 %
Embryonic development approximately 12 days approximately 18 days
Juvenile development approximately 21 days approximately 56 days
Total development cycle approximately 33 days approximately 74 days

Hatching lenjgth

1,5 mm to 3 mm

1 mm to 2 mm

Adult length

15 mm to 41 mm

15 mm to 35 mm

NOTE  Smaller Enchytraeus sp. have shorter but also temperature-dependent life cycles.

14
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Annex B
(informative)

Test procedure using other Enchytraeus species

Selection of species

es other than E. albidus may be used, but the test procedure and the validity criter
ted to provide suitable test conditions. Many Enchytraeus species are readily ayailablg
factorily maintained in the laboratory. Therefore, the most important critetion for
ytraeus species other than E. albidus is ecological relevance and, additionally; comparabl
e can also be formal reasons for a change of species. In countries wheréd:"albidus do
annot be imported (e.g. due to quarantine restrictions), other Enchytraeus species mg

Potential candidates

ytraeus crypticus (Westheide and Graefe 1992): in recentyears, this species is very o
xicological studies due to the simplicity of its breeding dnd testing.[2],[30] However, it
s small (3 mm to 12 mm), which makes handling more difficult than with E. albidu
e implementation of the staining method).

ytraeus buchholzi (Vejdovsky 1879): this name\probably covers a group of closely reld
h are morphologically difficult to distinguisk’(length 5 mm to 10 mm). Therefore, its u;
ecommended until the animals have been-elearly described. From an ecological stand
als are usually found in meadows and disturbed sites such as roadsides.

ytraeus luxuriosus ([32]) was formerly known as E. “minutus”. This species was found
by U. Graefe (Hamburg) in a . meadow close to St. Peter-Ording (Schleswig-Holsteir
use of its relatively large siz€(8 mm to 13 mm) in comparison to the other members
pt E. albidus), it is easy to(handle.

ytraeus bulbosus (Nielsen and Christensen 1963): this species has hitherto been reporte
bpanish mineral sgils, where it is common but usually not very abundant (length ap
n). In comparisofirto other small species of this genus, it is relatively easy to determing
ver, nothingisknown aboutits behaviourin laboratory tests and about its sensitivity tg

Breeding conditions

nchytraeus species mentioned above can be kept and bred in the same substrate as E.

a should be
e and can be
selecting an
P sensitivity.
es not occur
v be used.

ften used in
s individual
5 (especially

ted species,
einatestis
point, these

for the first
, Germany).
f this genus

d in German
[proximately
. Up to now,
substances.

albidus. The

size

£4&1 h] - 1 1 11 [anh] 1 1 £ 1 21 £ 3 - 111
I'UIT DITCULIIE VESSTIS LdIT DT SIHIAIICT. T1HCY LAIl dI50 DT 1CU LT S4ITIC TO0OU (1.C. TULICU U

ats), but due

to their smaller individual size, the amount of food per feeding shall be adjusted. In general, it should be
kept in mind that the life-cycle of these animals is shorter, which means e.g. that feeding should be done
more often.

B.4 Test conditions
The conditions are the same as in the case of E. albidus, except for the following aspects.
— The size of the test vessel may, but need not, be smaller.

In tests with small species, it is not necessary to remove the adults since their - in relation to the
number of juveniles - small number does not influence the overall results of the test.

© IS0 2014 - All rights reserved 15


https://standardsiso.com/api/?name=709284eaf9ab32f89e1efc445f1a7632

ISO 16387:2014(E)

— The duration of the definitive test may, but need not, be shorter, i.e. four weeks instead of six weeks.
The duration of the range-finding test should not be changed.

NOTE Experience in different laboratories has shown that with small test species like E. crypticus a test
period of four weeks is sufficient and that no removal of adults is needed.

— Due to the small individual size of the juvenile worms, the use of the staining method is strongly
recommended for counting them.

The validity criterion “number of juveniles per test vessel in the control” should be changed to “50”.

The reproduction is species-dependent, meaning that small species (such as E. crypticus) produce more
juveniles pef time than larger species (such as E. albidus).
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Annex C
(informative)

Determination of maximum water-holding capacity

C.1 The following method has been found to be appropriate for laboratory sam-

ples

C.2
C.2.1
C.2.2
C.2.3
C.2.4

C.2.5

C3

Plug
of 5

level
wate

As n
shou
sand

Weig

C4

of soils to be tested and standard soils

Apparatus
Glass tube, approximately 20 mm to 50 mm diameter and at least 100_mm in length
Water bath at room temperature.
Filter paper.
Drying oven set to (105 + 5) °C.

Balance, capable of weighing with an accuraey.of + 0,1 g.

Method

the bottom of the tube with filter paper, and after filling with the artificial soil substra
‘m to 7 cm, place the tube on a ragkin a water bath. Gradually submerge the tube un
is above the top of the soil but below the upper edge of the tube. Leave the substrate s
r for about 3 h.

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

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

Calculation of the water-holding capacity (WHC)

Fe to a depth
il the water
hmple in the

the sample
bame quartz

VHC :wxloo

€.1)

mp

where

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

mgs

filter paper;

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

mp  is the dry mass of substrate.

© ISO

2014 - All rights reserved
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Detailed description of extraction techniques

D.1 Staining with Bengal red

This metho
Enchytraeid
(Bengal red
end of the d
container [g
ethanol (apj
2 cm. Then

componentg
count becay

Another pos

1, originally developed in limnic ecology, was first proposed for the counting off\juv
ae in this test by de Coen (University of Ghent, Belgium). Independently, a modified ve
mixed with formaldehyde instead of ethanol) was developed by Posthuma et al125] A
pfinitive test (i.e. after six weeks), transfer the artificial soil in the test vessels to a sh{
.g. a plastic vessel or a photo basin with ribbed bottom (6.12)] and fix(the juveniles
broximately 5 ml per replicate). Then fill the vessels with water up-to a depth of 1 g
dd a few drops (200 pl to 300 pl) of Bengal red (1 % solution in ethanol), and mix thg
carefully. After 12 h, the worms are completely reddish-coloured and now very ea
se they are lying on the surface of the substrate.

sibility is to pass the substrate/Ethanol mixture through\a sieve of mesh size: 0,25(

before counfting the worms. The kaolinite clay, the peat and some sand grains are removed an

reddish-cold
100 mm x 7

Due to thes
staining me
two days), s

D.2 Wet ¢

The wet ext
from each t¢
touching th
completely

they are in

a recovery 1
end of the e
decanted. T
are shaken

dish. After d
collected frq

ured worms are easier to see. The use of illuminated lenses (lens dimensions at
b mm; magnification factor x 2 to x 3) also facilitates,counting the already reddish juve

b improvements, the counting time can be reduced to a few minutes per vessel. Usin
thod, the vessels of one test can be assessed’by a single person within one day (maxi
farting several hours or days after the end of the test.

pxtraction

enile
rsion
t the
11low
with
m to

two
Sy to

mm
1 the
least
hiles.

o the
mum

raction process should be started immediately after the end of the test. The artifici

ate of more that90 %, the soil extraction time should be three days at (20 * 2) °C.

m-the Petri dish under a stereomicroscope, using a soft steel forceps or a small brush.

| soil

st vessel is placed into a common plastic sieve. The sieves are put in plastic bowls without
e bottom. The bowls ate) carefully filled with water until the samples in the sievef are
Iinder the water surfacé. No water shall be poured directly over the soil to be tested. As
constant motion, the worms fall through the sieve openings (1 mm diameter). To enjsure

t the

ktraction tinge, the sieves are removed and the water (except for a small amount) is slowly
he sediment-at the bottom of the bowls should not be disturbed. Then the plastic Howls
5lightly tesuspend the sediment in the supernatant water, which is transferred to a [Petri
larification of the water (i.e. the soil particles have settled), the Enchytraeidae can ngw be
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