TECHNICAL ISO/TS
SPECIFICATION 10832

First edition
2009-10-15

Corrected version
2010-01-15

Soil quality — Effects of pollutants on
mycorrhizal fungi — Spore germination
test

Qualité du sol — Effets des polluants vis-a-vis des champignons
mycorhizogenes — Essai de‘germination des spores

————— Reference number
= — ISO/TS 10832:2009(E)

©1S0 2009


https://standardsiso.com/api/?name=7f4c92a2baef927f0740f2e005b50d22

ISO/TS 10832:2009(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

—COPYRIGHT PROTECTED DOCUMENT

© 1S0 2009

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2009 — All rights reserved


https://standardsiso.com/api/?name=7f4c92a2baef927f0740f2e005b50d22

ISO/TS 10832:2009(E)

Contents Page
oY o o iv
0 1o T LW 4 o o Y vi
1 IS T 4 0 J 0 PSP PSS PP NIRRT 1
2 NOrmative referenCes ...t nn e e P e h e e e esmn e s 1
3 Terms, definitions and abbreviated terms.........c..cciiiiiiieiciiiirr e i s e nn e e e b e s s mna e 1
4 Test Methods ... ey e 2
4.1 e T e o [ S S N N 2
4.2 Standard CoNitioNS..........cooicciiiiiiiirrr e Ear e ne e e sh e e 3
5 Test MAterials ......coooeiiiiiiee et ns s e e s e s s nsnssnnshes Sennnnnnsnnnsnnnnnnnnmnsssnsnnahannnnnnnnnnnns 3
5.1 DiStilled WaLer ... s Pt s s s s s s s e nnnnh s nnnnn 3
5.2 Biological material.........ccccuceiiiiniiiiini i R T ek 3
5.3 Control substrate..........cccooiiiiiiii e e e 3
5. Reference subStancCe ... e ah 4
5. Trypan blUE ...ty Rt e 4
5. Y o] 0T T -1 (U S N 4
6 Storage and preparation of SAMPIES .......ccevereere A it icc s s e b s 5
7 g T o= T T Y S 5
71 Biological SYSteM...... ..o B s h s s 5
7. Preparation of the test mixture ............ i s ah e e s e 6
7. Setting Up Of the test......coo i e e s mnen e e ne s b nn e e e e e e nan 7
7. Choice of the tested concentration ... b e 8
7.5 0L ] | 10T =320 o 1o 11 4 o o 1 eSS SRPRPRR TR 8
7.6 30 Lo o 1 4 L= =Y = s R 8
8 Calculation and expression of results ............ooccooii i 9
8.1 L= Lo ] F- 11 o o RS R 9
8.2 EXPression of reSUIS..... ... ap s 9
9 RV e T8 o2 1 7= - TN N 9
10 LIS 3= o T 7SO SO 9
Annex A (informative) Experimental deViCe .......cccccccvivccciieemriiiiiscccsseerrs s sssssese e sessssssssssessssessssssshassssssesns 1
Annex B (infermative) Example of table of reSults ........ccccovviicccceiriin e ab e 12
Annex C_(informative) Example of reSults...........ccccooiiiiieciiiinisiir e 13
AnneXx D (informative) PreciSion data .......c.ccccccceemiimiiiscccseerrsnssissccsssssse s s s ss s sssssssss s ssssssssmssssssssssssshsssnssnsens 15
=11 <] Lo =) 117 17

© ISO 2009 — All rights reserved iii


https://standardsiso.com/api/?name=7f4c92a2baef927f0740f2e005b50d22

ISO/TS 10832:2009(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(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

overnmental and

non-goverimental, in liaison with ISO, also take part in the work. ISO collaborates closely withy, the

Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main ftask of technical committees is to prepare International Standards. Draft International Standards

the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents
technical gommittee may decide to publish other types of document:

an

, a

— an ISO Publicly Available Specification (ISO/PAS) represents an agréement between technical experts in
an ISQ working group and is accepted for publication if it is approved’by more than 50 % of the membjers

of the |parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agréement between the members of a techn
commfittee and is accepted for publication if it is approved by 2/3 of the members of the committee cast

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further_three years, at which time it must either be transformed into
Internationgl Standard or be withdrawn.

cal
ing

r a
b iS
an

Attention i$ drawn to the possibility that some of the elements of this document may be the subject of patent

rights. ISO| shall not be held responsible’for identifying any or all such patent rights.

ISO/TS 10832 was preparedChy” Technical Committee ISO/TC 190, Soil quality, Subcommittee S(
Biological nethods.

The corregted version of{SO/TS 10832:2009 incorporates the following corrections.

— Clauseg 1, lastline: “mix” was changed to “mixture and sludge”.

— Subclfuse 3.12: the term “mass fraction” was changed to “inhibition concentration” and the symbol

41

was changed to IC; “mass fraction” was changed to “concentration” in the definition; a note was added.

— In addition, “mass fraction” was changed to “concentration” or “inhibition concentration” in 4.1, Clause 6,
7.4, 8.1 and 8.2 as well as in Annexes B, C and D; the symbol w_was changed to IC, (or the symbol wg

was changed to ICgj) in 4.1, 5.4 (modified), 8.1 and in Annex C.

— Subclause 5.2.4: the last sentence was changed.
— Subclause 5.3, first line: “the” was deleted.

— Subclause 5.5, Figure 1 a): the figure was replaced.

iv © 1SO 2009 — All rights reserved
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— Subclause 5.6.5: “fine” was changed to “thin”.

— Subclause 7.1.2: the last line was changed.

— Subclauses 7.2.2, 7.2.3, 7.2.4, 7.2.5: the last two sentences were changed.

— Subclause 7.3: the first line was changed. In Figure 2, “Petri dish” was changed to “Petri plate”.

— Subclause 7.3.4, 3rd and 4th lines: “assay” was changed to “test” and “retention” was changed to
“holding”.

—| Subclause 7.4.1, title and last line: “assay” was changed to “test”.

—| Subclause 7.4.2; the title was changed.

—| Subclause 7.6: the title and the last two sentences were changed.

—| Subclause 8.1: the first sentence was changed.

—| Subclause 8.2 was changed.

—| Clause 9: the 2nd and 4th lines were changed. The last sentence was transferred to 5.4.
—| Clause 10: Items b) and c) were changed.

—| Annex B: the title was changed. In Table B.1, “assay’ was changed to “test” and “mg/kg” was ¢hanged to
nmg_kg_‘]n'

—| Annex C: in Table C.1, “mg/kg” was changed o “mg-kg="".
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Introduction

Mycorrhizal fungi are important components of the soil microbial community and key organisms in plant/soil
systems. The root symbiosis they form represents a direct link between the soil and the large majority (80 %)
of vascular plant species, in natural and agricultural environments. Mycorrhizal fungi provide several benefits
to the host plant, including enhanced growth, improved mineral nutrition, greater drought resistance, and
protection pgainst pathogens and heavy metal stress.

Several stlidies have shown that mycorrhizal fungi are sensitive to pollutants such as metallic trace)elements
and polycyclic aromatic hydrocarbons, and to sewage sludges even when no phytotoxic effects Jon the host
plant are gbserved. As mycorrhizal fungi fulfil most of the criteria for bioindicator organisms (ubiguitous in Soil,
sensitive t¢ pollutants, ecologically relevant role in plant health and ecosystems), it appeared.important to take
them into account in hazard and environmental risk assessments linked to pollutants, contaminated soils and
to the use pf sewage sludge in agriculture.

Spore germination by an arbuscular mycorrhizal fungus, Glomus mosseae, thakes up the basis of the
proposed fest. The first step of the symbiosis is taken into account in this test, Wwhereas another test based|on
root colonigation of the host plant is also under investigation.

This test can be directly performed with sludges or soils without any extraction step.

Vi © 1SO 2009 — All rights reserved
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Soil quality — Effects of pollutants on mycorrhizal fungi —
Spore germination test
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Scope
s Technical Specification specifies a method to evaluate the effects of pollutants on spaore germ
corrhizal fungus, Glomus mosseae. This direct acute toxicity bioassay allows thejevaluation (¢
pcts of pollutants and contaminated soils on beneficial soil microorganisms important for plant gr
concept of sustainable agriculture.
s Technical Specification is applicable to

chemical substances, and

contaminated soils, waste and soil-waste mixture and sludge:

Normative references

following referenced documents are indispensable for the application of this document.
rences, only the edition cited applies. For.(ndated references, the latest edition of the
tument (including any amendments) applies.

W

D 10381-6, Soil quality — Sampling —Part 6: Guidance on the collection, handling and stor:
ler aerobic conditions for the assessment of microbiological processes, biomass and diver
oratory

D 10390, Soil quality — Determination of pH

D 11263, Soil quality -+ Détermination of phosphorus — Spectrometric determination of phospho
odium hydrogen carbonate solution

ite toxicity using artificial soil substrate

nation of a
f potential
bwth within

For dated
referenced

hge of soil
sity in the

rus soluble

D 11268-1, Soil quality — Effects of pollutants on earthworms (Eisenia fetida) — Part 1: Determination of

h

p

Gravimetric

ISO 11274, Soil quality — Determination of the water-retention characteristic — Laboratory method
ISO 19465, Soil quality — Determination of dry matter and water content on a mass basis —
method

3

Terms, definitions and abbreviated terms

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

3.1

mycorrhizal fungus

ubi

quitous microorganism forming symbiotic association with the roots of vascular plant species

© 1SO 2009 - All rights reserved
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3.2
BEG
The International Bank for the Glomeromycota

3.3
spore
asexual reproductive unit of a fungus

3.4

sporocarps
myce“um-‘-l wrrounded Spore group

3.5
mycelium
branched hyphae network

3.6
hyphae
filaments which compose fungus mycelium

3.7
control sybstrate
inert substfate, which does not affect spore germination, used as a control gr dilutant

3.8
matrix
test soil, sludge or waste

3.9
sandwich
device composed of two nitrocellulose membrane filters.containing the spores

NOTE The two membranes are held together with,.two’slide frames.

3.10
trypan blde staining
non-vital sfaining with trypan blue used-to-make mycorrhizal fungus structures visible (coloured in blue)

3.1
test mixtufre
mixture of test substance orimatfix with a control substrate

3.12
inhibition|concentration
IC,
concentratjon of'\teést substance or matrix inducing x % spore-germination inhibition compared to the control

NOTE  LMassfraction’is-oftenknownin-biclogicalmethods-as-concentration’.

4 Test methods

4.1 Principle

Spores of Glomus mosseae are placed between two nitrocellulose membrane filters forming a sandwich (3.9),
which is placed in a Petri dish containing the test mixture (3.11) which contains the test substance or matrix
(3.8) with different concentrations, diluted or not with the control substrate (3.7).

The percentage of germinated spores is determined after 14 days.

2 © 1SO 2009 — All rights reserved
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The results are compared with a control substrate and used to estimate the 50 % spore-germination-inhibition
concentration (ICg).

Determination of another IC  is also possible, but not required.

NO

TE This method can be used to determine the effect of a single concentration.

4.2 Standard conditions

Us

e a growth chamber or room with a controlled temperature, (24 + 2) °C

Ing

5.1

T

=2

5.2.

Ta
Sp
5.2

Us

5.2

Ge
uni

5.2

Us
are

Th

it) (25, 26).

ubation is carried out in the dark (a darkroom or Petri dishes covered with aluminium foil).

Test materials

Distilled water

b pH of distilled water should be neutral and never less than 5,5.
Biological material

1 Fungus

konomic group: Eumycota, Glomeromycota order.

bcies: Glomus mosseae (Nicolson and Gerdeman), Gerdeman and Trappe (BEG 12).
.2 Life status

e mature spores.

.3 Identification

nbank identification number:-U96139 (18s rDNA sub-unit); YO7656 (partial sequence of the 25s

.4 Material

less than five months old to extract sporocarps.

b spore-germination percentage shall be higher than 75 %. Conserve the spores and sporocarps

wal

fer(6.1) at 4 °C.

The sporocarps shall be used within one week, and the spores within two days.

5.3 Control substrate

Use sand, or artificial soil in accordance with ISO 11268-1 as control substrate (3.7).

1)

rDNA sub-

e sporocarps~(3.4) containing spores (3.3) (see Figure 1) purchased commercially!). Use pot ciltures that

in distilled

Sporocarps of the fungus Glomus mosseae, produced and distributed by BioRize, are an example of a suitable
product available commercially. This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of this product.

© 1SO 2009 - All rights reserved
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Use sand: > 99 % silica, pH 6,6 to 7,5, particle size 0,8 mm to 1,6 mm, washed three times with distilled water
(pH > 6) (5.1), then dried. The final pH shall be > 6 (see ISO 10390).

Check that spore germination in the control substrate before setting up the bioassay is > 75 %.
5.4 Reference substance

Use cadmium nitrate (CdNO5-4H,0).

For information, in a ring test (n = 4) performed with cadmium nitrate, the value of ICsj in sand was between
0,15 mg-kg-"and 1,7 mg-kg~".

5.5 Trypan blue

Use Trypap blue?), 0,5 g in 50 ml of HCI (1 %), 450 ml of H,O, and 500 ml of glycerol.

A

a) Sporocarps b) Sporocarp opened

e _
&
e

c) {Intact spore d) Broken spore

Figure 1 — Sporocarps and spores of Glomus mosseae

5.6 Apparatus
5.6.1 Binocular microscope, 32 x magnifications.
5.6.2 Sterile plastic Petri dishes, of diameter 9 cm.

5.6.3 Slide frames, 24 mm x 36 mm.

2) Trypan blue referenced 93595, distributed by Sigma Aldrich, is an example of a suitable product available
commercially. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product.

4 © 1SO 2009 — All rights reserved
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4 Nitrocellulose membrane filters, of diameter 47 mm, and porosity 0,45 um, white, 3mm g
5 Ultra-thin nippers/tweezers3).

6 Filter paper.

ridlined.

5.6.7 Plastic microtube, of capacity 1,5 ml.

5.6.8 Plastic film.

5.6-9—Mieropipette-and-eut-tips-

5.6.10 Balance, able to weigh from 0 g to 200 g, with an accuracy of 0,001 g.

5.6.11 Funnel.

6 | Storage and preparation of samples

Soll samples shall be stored as specified in ISO 10381-6. Waste and sludge-samples are stored af (4 + 2) °C

in ftight containers. Containers used for microbiologically active sludgée and waste should ndt be filled

completely.

The following parameters should be determined for the soils, wastes and sludges to be tested:

—| pH (see ISO 10390); use soil with a pH not lower than(5.5"(see Reference [18] in the Bibliography);

—| water content (see ISO 11465);

—| water-holding capacity (see ISO 11274);

—| available phosphorus content (see ISO11263);

—| concentration of soluble phosphorus-which shall be below 100 mg-kg~! (see References [1], [2], [7] and
[23]).

Usg soils or wastes with a particle size below 4 mm in order to perform the bioassay. Otherwise, wastes

should be ground and sievedto-4 mm, and soils should be sieved to 4 mm before preparing the tes{ mixture.

7 | Procedure

7.1 Biological system

7.1.1 ,Spore control

Glomtis-mosseae-spores{3-3)-shotid-be-yellow-and-bright-and-have-anintactand-clean-envetope{empty and

crushed spores should be eliminated), see also Figure 1.

71

.2 Preparation of the biological material

Number of individual spores for each concentration tested: 30 spores (3.3) per sandwich (3.9), six replicates
(sandwiches) per concentration; i.e. 180 spores per concentration.

3)

Ultra-thin tweezers referenced T5130 No. 5, distributed by Oxford Instruments, are an example of a suitable product
available commercially. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product.

© 1SO 2009 - All rights reserved
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Spores (3.3) are carefully collected under a binocular microscope (5.6.1) from the sporocarps (3.4), which are
placed on a filter paper (5.6.6) that has been slightly humidified so that the spores adhere to it. Sporocarps are
gently opened with ultra-fine tweezers (5.6.5) and spores can then be taken and transferred to a microtube

(5.6.7) con

taining distilled water (5.1).

A filtration membrane (5.6.4) humidified with distilled water (5.1) is placed on humidified filter paper (5.6.6)
under a binocular microscope (5.6.1). With a micropipette (5.6.9), G. mosseae spores (3.3), taken from the
microtube (5.6.7), are placed in the middle of this membrane, inside squares which are defined by the slide
frame (one spore per square defined by the gridline) (see Figure A.1). The spores are carefully covered with a
second filtration membrane previously humidified, in order that the gridlines of both membranes are
superposed. The two membranes are held together within two slide frames (5.6.3) to form a sandwich.

Spore san
7.2 Pre

721 Ge

jwiches (3.9) should be quickly placed in the Petri dishes as described in 7.3.
paration of the test mixture

heral

The test mixture (3.11) is composed of the control substrate (3.7) and the substanCe or matrix (3.8) to

tested. Prg

pare enough test solution or mixture with the matrix.

7.2.2 Water-soluble or emulsifiable substances

For each ¢
concentrat

This soluti
water-hold

Proceed in
The contrg

Proceed a

oncentration tested, dissolve or dilute the quantity of test substance required to obtain the desi
on in distilled water (5.1).

bn is added to a Petri dish containing 80 g of control substrate (5.3) in order to obtain 90 % of
ng capacity of the test mixture (3.11), see Figure 2.

two steps as indicated in 7.3.1.
| test is performed as described above with distilled water (5.1).

5 specified in 7.3.

7.2.3 Water-insoluble and organic-solvent<soluble substances

For each d
concentrat

This soluti
prepare th
mixture (3.

80 g of this

Proceed in

oncentration tested, dissolve)or dilute the quantity of test substance required to obtain the desi
on in a volatile solvent (€.g) methanol).

on is mixed with 10-g~of control substrate (5.3) (previously sampled from the quantity used
11) to a flask céntaining the rest of the test mixture and carefully homogenize.
mixture is\humidified to 90 % of the water-holding capacity with distilled water (5.1), see Figure

two steps as indicated in 7.3.2.

The contrg

be

red

the

red

to

e test mixture). Qrganic solvent is evaporated under a vacuum hood for 24 h. Transfer the fest

| test is performed as described above without the addition of the test substance.

Proceed as specified in 7.3.

7.2.4 Non-water- or organic-solvent-soluble substances

For each concentration tested, mix the quantity of test substance required to obtain the desired concentration
with the control substrate (5.3).

80 g of this mixture is humidified to 90 % of the water-holding capacity with distilled water (5.1), see Figure 2.

The control test is performed as described above without the addition of the test substance.

Proceed as specified in 7.3.

© 1SO 2009 — All rights reserved
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7.2.5 Solid matrices

Increasing dilution of the tested matrices is prepared with the control substrate (5.3). This test mixture (3.11) is
used in two parts. Proceed in two steps as indicated in 7.3.4. Prepare enough volume for one Petri dish.

The control test is performed without the matrix.

Proceed as specified in 7.3.

7.3 Setting up of the test

The sandwich prepared according to 7.1.2 is transferred to a Petri dish between two layers ©of tJast mixture
(3.111) (see Figure A.1).

Pefri dishes, solutions and control substrate (3.7) should be prepared before the preparation of the biological
mdterial.

7.3.1 For a test mixture containing a water-soluble or emulsifiable substance

Pldce a first layer (about 40 g) of the control substrate (3.7) in the Petri(dish. Humidify the contrgl substrate
with a fraction of the tested substance or distilled water (5.1) (control) (&f. 7.2.2). Lay the spore san¢lwich (3.9)
on|top and cover it with a second layer (about 40 g) of the same.control substrate (3.7). Humidify with the
remaining tested substance or distilled water (5.1) (control) in~erder to obtain 90 % of the water-holding
capacity (see 7.2.2 and Figure 2).

3§
e
T ] : 4
.rl ] .:./
/.J . o ) o . o . e o
1
Key
1 | 1st layer of substrate or test mixture
2 | sandwich of spores
3 | 2nd layer of substrate or test mixture
4 | Petri dish

Figure 2 — Procedure for water-soluble or emulsifiable substances

7.3.2- For a test mixture containing an organic-solvent-soluble substance

Place a first layer (about 40 g) of the test mixture (3.11) in the Petri dish. Lay the spore sandwich (3.9) on top
and cover it with a second layer (about 40 g) of the same test mixture. Humidify with distilled water (5.1) in
order to obtain 90 % of the water-holding capacity (see 7.2.3 and Figure 2).

7.3.3 For a test mixture containing water or an organic-solvent-insoluble substance
Place a first layer (about 40 g) of the test mixture (3.11) in the Petri dish. Lay the spore sandwich (3.9) on top

and cover it with a second layer (about 40 g) of the same test mixture. Humidify with distilled water (5.1) in
order to obtain 90 % of the water-holding capacity (see 7.2.4 and Figure 2).

© 1SO 2009 - All rights reserved 7
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7.3.4 For a test mixture containing a solid matrix

Place a first layer (40 g) of the test mixture (3.11) in a Petri dish, the bottom of which is lined by a moistened
filter paper. The sandwich (3.9) of spores (3.3) is laid in the Petri dish and covered with a second layer (40 g)
of the same test mixture. Substrates (3.7) of test are humidified to 90 % of their water-holding capacity by
capillarity with distilled water (5.1). The volume of water necessary to reach 90 % of the water-holding
capacity can be supplied by a funnel (5.6.11) (of which the extremity is obstructed by moist cotton wool to limit
the speed of the water flowing) or a pipette in contact with the filter paper at the base of the Petri dish; see
Figure 3. The Petri dish, solutions and quantities of test mixture shall be prepared before the biological system
(7.1).

Key
1 Petri dish lined by a moistened filter paper

2 substrafe or test mixture containing the spore sandwich
3 funnel tp supply the required water quantity

Figure 3 — Procedure for solid matrices and test mixtures

7.4 Chaice of the tested concentration

7.4.1 Prgliminary test
Choose fiye concentrations”of the substance or mixture and one control (e.g. 0 mg-kg~!, 0,1 mgkg~!,

0,2 mg -kgf', 0,5 mg-kg7!,"¥ mg-kg~! and 2 mg-kg~" of control substrate) with 30 spores per concentration and
per Petri d|sh. For the preliminary test, only one concentration can be tested.

7.4.2 Final test

Choose alrange of at least five concentrations of the tested substance, mixture or matrix with a geomeiric
progression, in order to cover concentrations which had no effect on germination and concentrations which
totally inhibited it in a preliminary test. Preferably, the ratio of the geometric progression should not exceed 2.

7.5 Culture condition

The Petri dishes are sealed with plastic film (5.6.8) and incubated for 14 days at (24 + 2) °C in the dark.

7.6 End of the test

After 14 days, the sandwiches (3.9) containing spores are taken carefully out of the Petri dishes, always kept
horizontal, rinsed with distilled water (5.1), if necessary, and submerged in a 0,05 % trypan blue (5.5) solution

8 © 1SO 2009 — All rights reserved
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for 15 min to make hyphal germination (see 3.6) visible. The sandwiches (3.9) are carefully rinsed and dried
with absorbent paper and opened. The total number of spores recovered and the number of germinated
spores (3.3) are counted under a binocular microscope (5.6.1).

With solid matrices, sandwiches should be rinsed with distilled water before staining.

Hyphal (see 3.6) length after germination should be at least greater than five times the spore diameter to be
considered as germinated spore.

8
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delermined. The percentage of germinated spores versus the number of recovered ‘spores is calcy

e atcutati I \ " »
Calculation

each treatment, concentration and replicate, the number of recovered and germinated spor

rage percentage of germination and the standard deviation for each treatment and concen
culated and compared to the control.

example of a table is given in Annex C.

imate the inhibition concentration (IC5q) (3.12) when the dose-effect-of pollutants is tested and e
% confidence interval.

a statistical analysis, the percentage data should be transfermed to arc sine before the test.

TE Another value of IC, could be calculated with the_appropriate method.

Expression of results

each treatment, plot the germination pereentage versus concentration on a graph.

Validity criteria
b results are considered as'valid if
the average number of recovered spores is greater than or equal to 25 at the end of the test, ar

the average percentage of spore germination for the control is greater than or equal to 75 % af]
the test.

es (3.3) is
lated. The
tration are

stimate the

d

the end of

10| Testreport

Thetestreport shail iInciude the Tollowing information.

a) areference to this Technical Specification;

b) date of the test, end of the test and environmental conditions of the test;

c) required data for the identification of the substance, for the preparation or the tested matrix (3.8) [origin,
matrix composition (if possible), pollutants (if identified), pH, water-soluble phosphorus (P), water-holding
capacity and humidity rate];

d) possible pretreatment of the tested waste or soil;
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e) reference number of the used sporocarp (3.4) set, date of reception, storage duration and conditions for
sporocarps and spores (3.3) before the test;

f) reference of sand used as control substrate (3.7) (trade mark, pH, particle size);
g) natural soil characteristics if the soil is used as a control substrate (3.7);
h) preparation of the test mixture (3.11) (solvent used for organic-solvent-soluble substance);

i) table of results (Table B.1) containing, for each treatment and concentration:

— the number of recovered and germinated spores (3.3);

—

He germination percentage of the spores (3.3);
— tHe mean and the standard deviation;
— the graph showing data (germination percentage versus concentration);

i) any practical details not described in this Technical Specification or any incidents that may have affected
the results.
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Annex A
(informative)

Experimental device

Figure A.1 shows the different parts of the test apparatus and how to set it up.

Key

Liala £
SHUT ITaltic

filtering membrane with gridline
spores
substrate test

a b W N -

“sandwich”

Figure A.1 — Experimental device
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Annex B
(informative)

Example of table of results

Present the results within a table, such as Table B.1, with the number of replicates, number of recovered
spores and germination rate.

Table B.1 — Example of a table of results

Test (dateq of start and end of test): Tested substance:

Cohcentration Replicate Number of spores Number of Germination ratq
mg-kg™ recovered germinated spores %

Ol |W|IN|=-

Mean
Standard deviation
Percent inhibition

Ol |W|IN|-

Mean
Standard deviation
Percent inhibition

Ol |W|IN|=-

Mean
Standard deviation
Percent inhibition

Ol |W|IN|=-

Mean
Standard deviation
Percent inhibition
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Example of results

Within an interlaboratory comparison on spore germination with increasing concentrations of cadmium
(cadmium nitrate) and benlate (n = 4), IC-, was between 0,15 mg-kg—! and 1,7 mg-kg~" for cadmium (Cd) and

befween 2 mg-kg="' and 10 mg-kg™"' for benlate. An example of results obtained with Cd is given in, Table C.1.
Table C.1 — Example of a table of results on spore germination with increasing concentratiTns of Cd
Concentration of Cd Replicate Number of spores Number of Germinakion rate
mg-kg™ recovered germinated spores 9
Control 1 26 25 96,2
2 28 26 92,9
3 31 24 774
4 26 22 84,6
5 30 25 83,3
6 27 21 77,8
Mean 85,4
Standard deviation T
Percent inhibition
0,1 1 28 15 53,6
2 30 17 56|, 7
3 30 17 56| 7
4 29 19 65,5
5 31 19 61,3
6 30 19 63,3
Mean 59,5
Standard deviation 46
Percent inhibition 30,3
0,2 1 27 17 63,0
2 22 17 77,3
3 28 18 64,3
4 27 18 66,7
5 28 20 71,4
6 30 21 70,0
Mean 68,8
Standard deviation 53
Percent inhibition 19,4

© 1SO 2009 - All rights reserved
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Table C.1 (continued)

Concentration of Cd Replicate Number of spores Number of Germination rate
mg-kg™ recovered germinated spores %
0,5 1 27 14 51,9
2 27 14 51,9
3 28 12 42,9
4 28 12 42,9
5 36 % 4677
6 25 13 52,0
Mean 48,0
Standard deviation 4.5
Percent inhibition 77,8
1 1 29 14 48,3
2 30 14 46,7
3 30 16 53,3
4 28 15 53,6
5 24 10 41,7
6 27 14 51,9
Mean 49,2
Standard deviation 4.6
Percent inhibition 73,4
2 1 26 6 23,1
2 27 9 33,3
3 29 6 20,7
4 26 8 30,8
5 30 12 40,0
6 30 14 46,7
Mean 32,4
Standard deviation 9,9

14
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