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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

This International Standard describes the miniaturized solid contact assay with Arthrobacter globiformis
that allows the preliminary assessment of solid material (i.e. soil and waste materials) within 6 h. The
principle of the assay relies on dehydrogenase activity inhibition of an added test organism, caused by
bioavailable toxic substances in soil and waste samples. This is an ecologically relevant assay as far as
it uses a ubiquitous soil bacteria species with high affinity to surfaces[161[6] which dehydrogenases are
involved in different biological mechanisms withstanding bacteria integrity (e.g. respiratory chains).
Moreover, it has been noticed that this parameter (dehydrogenase activity inhibition) is quite sensitive
to different toxic substances.[19][10][14][15]

Over
impr
thein

The miniaturized solid contact assay is based on the solid contact assay established by Refé

This

The
wast

all, this assay is non-labour-intensive, rapid, cost-effective and sensitive, providing
ove the physical and chemical assessment of natural samples while allowing a quick i
biological effects.

[nternational Standard is also based on Reference [23].

results of an interlaboratory trial towards the evaluation of testvariability to assg
e and soil samples, as well as chemicals, are presented in AnnexA.

results that
ndication of

rence [7].

ss different
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INTERNATIONAL STANDARD

ISO 18187:2016(E)

Soil quality — Contact test for solid samples using the
dehydrogenase activity of Arthrobacter globiformis

1 Scope

This International Standard specifies a rapid method for assessing solid samples in an aerobic

susp
the 1

It is
cont
and (

ETTSTOTT, by determmiming tie hibition of detydrogenase activity of Arthrobacter giobi]
edox dye resazurin.

applicable for assessing the effect of water-soluble and solid matter bounded
hminants of natural samples, such as soils and waste materials. The test yields a resu
an therefore be used for screening potentially contaminated material.

2 Normative references

The
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refern

ISO §
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ISO ]
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CEN
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EN1
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For t

31
cont
expo|

3.2

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

667-15, Water quality — Sampling — Part 15: Guidanee on the preservation and handl
ediment samples

0381-6, Soil quality — Sampling — Part 6: Guidance on the collection, handling and st
I aerobic conditions for the assessment of \microbiological processes, biomass and div
atory

TR 15310-1, Characterization of .waste — Sampling of waste materials — Part 1:
tion and application of criteria for sampling under various conditions

1735, Characterization of waste — Preparation of waste samples for ecotoxicity tests

erms and definitions

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

act time
sure period of the bacteria to a suspension of solid matter

ormis using

non-volatile
t within 6 h

1ent and are
For undated
es.

ng of sludge

orage of soil
ersity in the

Guidance on

neg

£I370 o~ d 1
v e CoOnTtror

sample of a control substrate (3.6) with a mixture of known solutions [distilled water, medium B or
inoculum (3.12)].

Note

3.3

1 to entry: It is used to standardize the analysis.

positive control
sample of a control substrate (3.6) with a mixture of known solutions [distilled water, medium B or
inoculum (3.12)] and a reference substance

Note

© ISO

1 to entry: It is used to check the sensitivity of the test organism.
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3.4
blank A

:2016(E)

blank, which sets the own fluorescence of the substrate after being deactivated

Note 1 to entry: Blank is not added with bacteria.

3.5
blank B

blank, which sets the natural fluorescence of the substrate without being deactivated

Note 1 to entry: Blank is not added with bacteria.

3.6

control sub
reference
dilution/corj

EXAMPLE

3.7

strate
r standard substrate used as a control and as medium (3.13) for")prep
centration series with test substrates (3.7) or a reference substance

Quartz sand or LUFA standard soil type 2.2.

test substrate

natural or a

Note 1 to ent
diluted with

3.8
test materi
original sanj

39

Ftificial substrate that is naturally contaminated or spiked with-atest chemical

ry: The test substrate is the test material (3.8) after being prepared for testing (e.g. sieved) a
h control substrate (3.6).

al
Iple of soil or waste material without any changes'(e.g. sieving)

dehydrogenase activity

activity of
metabolic p

Note 1 to ent
Note 2 to ent

3.10
effect concg
ECx
concentrati
endpoint wi

EXAMPLE
population oy

hydrogen-abstracting enzymes which~are involved in many energy and biosynt
rocesses (e.g. the respiratory chain)‘and which require cell integrity to be produced

Fy: These enzymes can reduce resazurin into resorufin in the extracellular environment.[6]

"y: See Reference [21].

pntration for x % effect

n (mass fractieh) of a test substance or sample that causes x % of an effect on a §
thin a givefivexposure period when compared with a control

hring

hd/or

hesis

riven

An EE50 is a concentration estimated to cause an effect on a test end point in 50 % of an exposed

rer & défined exposure period.

Note 1 to ent

Tl A nal H a 4 £ 1l 4 4 FRpaa | | £ a1l oz
_y. T'TIT LUA 1S CAlJl cSSCU dSs d }JCI LCllLdsC Ul' SUIT U WdSLlT LTSLTU PCI u1_y IIIdaSS UT SUIT ITITATUI' T,

Nhen

chemicals are tested, the ECx is expressed as mass of the test substance per dry mass of soil, in milligrams per

kilogram.

3.11

freeze-dried bacteria
bacterial culture preserved through the water removing of a frozen cell suspension by sublimation
under reduced vacuum pressure

Note 1 to entry: The preserved cultures can be stored at (-20 * 2) °C. The bacteria are active after being
reconstituted with sterilized distilled water [20 min to 30 min at (6 + 2) °C] and ready to be used in the test, see

7.3.4b).

© ISO 2016 - All rights reserved
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3.12
inoculum
suspension of bacteria used to inoculate a nutrient solution

3.13
medium
aqueous nutritive solution required for bacterial growth

3.14
optical density of bacterial inoculum
measurement of the attenuation of a light beam passing through a bacterial suspension at 600 nm (used

. H 4 - H 4
t L. 11 A | 1)
0 LUTIIIIIIC LITT LTI CUUILIU TTIUTT CLLI_)’J

Note [l to entry: In a bacterial test, the absorbance is usually measured as FAU (formazine attenudtion units) at
600 1im (see Reference [3]).

3.15
test start
moment when the substrates, reagents and the bacterial inoculum (3.12) are prepared immediately
before the incubation and reaction period

Note [L to entry: Here is when preparing the test and control substrates (3.6) for incubation (i.e. Table 1, day 0).

3.16
reaction time
time|it takes for the enzyme to react (from the addition.efithe resazurin solution until thie end of the
reaction)

3.17
slope
quotjent of the relative fluorescence (3.18) variation along the reaction time (3.16) between 15 min
and 45 min

Note [l to entry: The slope (expressed asmiin1) results from fitting a linear regression model to the|fluorescence
readings over time.

3.18
relative fluorescence
fluorescence measured foreach treatment (control and test) after subtracting the fluoresicence of the
respective blank A (3.4)

3.19
stock culture
bact¢rial culture obtained from a pure strain culture acquired from a certified laboratory

Note [l toentry: This stock culture provides an inoculum (3.12) for the pre-culture in the test procedlure.

3.20
lowest ineffective dilution

LID-value

lowest value of the dilution factor (LID) for which the test does not give an ecotoxicological relevant
reduction

Note 1 to entry: The LID is expressed as the reciprocal value of dilution.

EXAMPLE An often used dilution series is 1/2/4/8/16 [= 100 %/50 %/25 %/12,5 %/6,25 % test substrate
(3.7) to control substrate (3.6)]. A LID 8 corresponds to a dilution of soil or waste of 1: 8.

© IS0 2016 - All rights reserved 3
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4 Principle

The bacteria Arthrobacter globiformis is added to the solid material and incubated at (30 + 1) °C for
2 h. After this contact time, the non-toxic redox dye resazurin is added. Due to the dehydrogenase
activity, resazurin is transformed into resorufin, in the extracellular environment.[6] Resorufin can be
detected fluorometrically (excitation at 535 nm, emission at 590 nm) in the presence of solid matter.
The increase of resorufin is determined by measuring the fluorescence every 15 min for a period of
1 h. In order to determine the inhibition of the dehydrogenase activity, the rate of resorufin increase
in the sample is compared with the rate of resorufin increase in the control. In the presence of toxic
substances, an inhibition of dehydrogenase activity is expected. This is reflected by the reduction of

resorufin production and subsequent lowering of fluorescence emission.

5 Reage

nts and material

5.1 Test ¢organisms

The test or§
ATCC 8010)
are mostly d
limiting oxy
characterist
phase. Alth

panism is Arthrobacter globiformis (Conn 1982) Conn and Dimmick~1947 (strain nu
which is common in soils. Arthrobacter species belong to the Microccocaceae family.
bligate aerobic organisms, although some species may exhibit anaerobic metabolism 4
rgen conditions.[2] Arthrobacter spp. are chemoheterotrophi¢, and present pleomo
ics, since they show a rod-to-coccus morphology change-as they enter in the statid
pugh Arthrobacter is gram-positive, it can stain gram-negative during the log-p

Variations in the cell wall thickness along the bacteria growth can lead to gram variability by differg

staining of
between as{
Arthrobacte

The bacteri:
or from cult
ARS Culturd
freshly prep
culturing arj

5.2 Conty

the granules.[22] However, this characteristic does\not induce a differential sensit
ays, as far as an inoculum in exponential growthéphase is used during the reaction
" globiformis is classified in the risk group I — non-pathogenic organism.

\ strain can be achieved from commercially available freeze-dried or liquid-dried reag
collection NCAUR.D The bacterial-suspensions used for toxicity measurements sh3

ared from stock cultures or directly-ised from a ready-to-use freeze-dried batch. The
d freeze drying process of the bacteria is described in Annex B.

ol substrates

5.2.1 Genleral

The control
(addition of
controls. Th
days before

substrates selected from the options presented below are to prepare both the neg
distilled watér see 5.2.2, 5.2.3) and positive (addition of the reference substance, se¢
e moistening of the control substrates (soil or waste material) shall be made one of
the test'start (see Table 1). Store the substrate(s) at (4 + 2) °C until the test start.

mber
They
nder
"phic
nary
hase.
ntial
ivity
fime.

ents,

ure collections, e.g. Deutsche Sammlung)fir Mikroorganismen und Zellkulturen GmbH, or

11 be
btock

ative
 7.2)
two

5.2.2 Conltrol for soils

There are three possibilities for the choice of the control soil (see also Reference [4]). The reference soil
a) is preferred, but if such a soil is not available, either a standard natural soil or a standard artificial
soil may be used. In any case, the water content of the control soil should be adjusted to 20 %.

a)

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

propert

ies cannot be ruled out, standard control soils b) or c) should be preferred.

1) Deutsche Sammlung fiir Mikroorganismen und Zellkulturen (DSMZ) GmbH, Mascheroder Weg 10, D-38124
Braunschweig, Germany; or ARS (Agricultural Research Service) Culture collection (also known as NRRL) belonging
to the National Center for Agricultural Utilization Research (NCAUR), 1815 N, University Street, Peoria, Illinois
61604, USA are examples of firms that sell this bacteria. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of these firms.

4 © IS0 2016 - All rights reserved
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Standard natural soil with the following characteristics: Corg < (1,7 to 2,6) %; sand (particle size
0,063 mm to 2 mm) content of 50 % to 75 %; <20 % of particles less than 0,02 mm; pH 5 to 7,5.

EXAMPLE LUFA standard soil type 2.2.2)

Standard artificial soil or quartz sand (with 50 % to 75 % of sand with particle size between
0,063 mm and 2 mm).

The substrate called artificial soil[1Z] has the following composition:

(particle size <1 mm) 5%
— Kaolinite clay containing not less than 30 % kaolinite 200%
— Industrial quartz sand (dominant fine sand with 50 % to 75 % of par-

ticlelsize 0,063 mm to 2 mm) 74 %
— (alcium carbonate 1%

Yphagnum peat finely ground and with no visible plant remains

Percentage expressed on
dry mass basis

Artifficial soil prepared with modified peat and quartz sand particle size should be analylsed more in
deta]l. The presence of low density particles (e.g. peat) in this artificial substrate that are lfkely to float

can ipfluence the fluorescence readings.

5.2.3 Control for waste material

Quaiftz sand, see 5.2.2 c). The quartz sand should have.&water content of 20 %.

5.3

Test substrates

The gamples (soil or waste material) should:Be'tested as soon as possible after sampling. Collect samples

as specified

or soil in ISO 10381-6, or
or waste materials in ISO 5667-15, EN 14735 and CEN/TR 15310-1.

Stor¢ them in the dark at (4'#’2) °C for not more than two weeks. For long-term storage, the samples

may

be frozen at (-20 + 2)\°C.

Soil and waste samples'shall be passed through a sieve of 2 mm square mesh. Waste raw material (e.g.
construction wasfe-material) should be grounded before testing (refer to EN 14735). The pcreening of
metdls and organic contaminants in the samples is strongly advised as it provides helpful information

for dpta interpretation.

For iptefpretation of test results, the following characteristics should be determined for each sample:

a)

b)
‘)
d)
e)

pH 1n accordance with [SO 10390 for soil samples, EN 15933 for biowaste samples and 1SO 10390
for other solid wastes;

texture (sand, loam, silt) in accordance with ISO 11277;
water content in accordance with ISO 11465 for soil samples and EN 15934 for biowaste samples;
water holding capacity according to ISO 11268-2;

cation exchange capacity in accordance with ISO 11260;

2) LUFA Standard soil type 2.2 is the trade name of a product supplied by LUFA Speyer. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of the
product named. Equivalent products may be used if they can be shown to lead to the same results.

© IS0 2016 - All rights reserved 5
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f) organic carbon in accordance with ISO 10694 for soil samples and EN 15936 for biowaste samples.

Only samples with a pH between 5 and 9 will be appropriately assessed by this contact test (see 7.4).
The water content shall be adjusted to 20 % (soil, waste material; see 5.2.2 and 5.2.3). This adjustment
shall be calculated according to the original water content of samples, which should be determined
before the preparation of the test. The moistening of samples shall be done one or two days before the
test start (see Table 1). Store the samples at (4 + 2) °C until the test start.

When using

natural samples, dilutions may also be prepared (see 7.1).

In case of testing a chemical substance in soil, a different procedure should be followed (see Annex C).

Waste mat

ials consisting of sewage sludge with high organic matter (OM) or total organiccca

(TOC) contgnt should be added with more water (e.g. water content adjusted to 33 %). Morg. test
being devel¢ped as to define the appropriate percentage of water content according to thelevel g
or TOC in thfis type of samples.

5.4 Chemnicals

Unless othefwise specified, only analytical-grade reagents shall be used.

5.4.1 Water, sterilized and non-sterilized, deionized, distilled, or of equivalent p
(conductivity < 10 uS-cm-1).

5.4.2 Dimiethyl sulfoxide solution (DMSO0), C;H¢0S, volume fraction of 4 % in distilled water.

Sterilize thq solution by filtration through a polyamide membrane filter having a pore size of 0,
and using a pyringe.

5.4.3 Sodjum hydroxide solution, NaOH of, e.g. 1 mol-I-1.

NOTE Far the adjustment of the media pH, it can'be necessary to use bases of lower or higher concentr
5.4.4 Hydrochloric acid, HCI of, e.g. 1 mol-I-1.

NOTE Fqr the adjustment of the media)pH, it can be necessary to use acids of lower or higher concentrg

5.4.5 Medium A, for A. globiformis stock culture (pH 7,2 to 7,4).

Dissolve

— 10 g cadein peptone;

— 5 gyeadt extract,

— 5gD(#)

rbon
S are
f OM

urity

D um

ation.

tion.

-glucose, and

— 5gNaCl

in water (5.4.1), make up to 1 000 ml with water and autoclave for 20 min at (121 * 3) °C. If stored
sterilized (never opened) at (4 + 2) °C in the dark, the solution is stable up to 12 months.

5.4.6 Medium B, for preparing the lyophilizates and the test solution.

Dilute 333,3 ml of medium A (5.4.5) in 666,6 ml of sterilized water. Or, dissolve

— 3,33 g casein peptone,

— 1,67 g yeast extract,

— 1,67 g of D(+)-glucose, and

© ISO 2016 - All rights reserved
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— 1,67 g NaCl

in water (5.4.1) and make the volume up to 1 000 ml with water. Autoclave the medium for 20 min at
(121 * 3) °C. If stored sterilized (never opened) at (4 = 2) °C in the dark, the solution is stable up to
12 months.

5.4.7 Agar (casein-peptone soymeal-peptone) slant, for a dense cell suspension of A. globiformis.

Dissolve 40 g of tryptic soy agar in water (5.4.1) and make up to 1 000 ml with water. After being
dissolved, distribute 7 ml of this medium into culture tubes (6.15). The tubes should be filled until
allowing the agar to flow just 50 mm below the neck, when the neck is laid over a horizontal 10 ml glass
pipefte. Seal them with caps and then autoclave for 20 min at (121 £ 3] °C. After cooling, the tubes are
ready for use.

5.4.8 Protective medium, for freeze-drying bacteria.
Dissolve

— 20 g skim milk, and

— % g myo-inositol

in water (5.4.1), make up to 100 ml with water and autoclave fox10'min at (121 * 3) °C. Afterjautoclaving
and ¢ooling down to (80 * 2) °C, place the medium immediately in an ice bath to avoid cararpelization. If
stordd sterilized (never opened) at (4 * 2) °C in the dark, the'solution is stable up to 12 months.

5.4.9 Phosphate buffer.
Dissglve

— 1,2 g KH2P04-H30,

— 13,24 g K;HPO4-H0,

— 2 gsodium acetate, C2H3NaOg, and
— 2 gD(+)-glucose

in water (5.4.1) and makeé.up to 1 000 ml with water. Adjust the pH value of the buffer to 7{0 * 0,2 with
dilutpd hydrochloric acid{5.4.4) or sodium hydroxide solution (5.4.3). Autoclave the mediuin for 20 min
at (121 £ 3) °C. If stored at (4 + 2) °C in the dark, the solution is stable for up to 12 months.

5.4.10 Resazurin dye solution.

Diss¢lve, (45" 1) mg of resazurin in 1 000 ml of phosphate buffer (5.4.9). If stored at (4 %/ 2) °C in the
dark{ theblue-coloured solution is stable up to one week.

5.4.11 Benzyldimethylhexadecylammonium chloride, reference substance [also called cetalkonium
chloride (C16-BAC)], CH3(CH2)15N(Cl)(CH3)2CH2CeHs (CAS no.: 122-18-9).

It is a quaternary ammonium salt often used as an anti-microbial agent. C16-BAC is a homologue of
BAC (benzalkonium chloride, a C12 homologue) which is made of a mixture of alkylbenzyldimethyl-
ammonium chlorides, composed mainly of cetalkonium chloride. C16-BAC is moderately soluble in water
(between 2 g1-1 and 85 g 1-1), and whenever needed, the solution can be sonicated to be homogenized.
If stored at (4 = 2) °C in the dark, the solution is stable for up to one week. Its mode of action targets
mainly Gram-negative bacteria by affecting the permeability of their cytoplasmic membrane and
leading to cytolysis.[19]

© IS0 2016 - All rights reserved 7
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5.4.12 Copper sulfate (II) pentahydrate, additional reference substance (CAS no. 7758-99-8).

Prepare a stock solution in water (5.4.1) before spiking the quartz sand with its appropriate volume as
to have a final concentration of 500 mg Cu kg-1 soil dry mass.

5.4.13 3,5-dichlorophenol (3,5-DCP), additional reference substance (CAS no. 591-35-5).

Prepare a stock solution in water (5.4.1) before spiking the quartz sand with its appropriate volume as
to have a final concentration of 100 mg 3,5-DCP kg-1 soil dry mass.

5.4.14 Zinc sulfate heptahydrate, additional reference substance (CAS no. 7446-20-0).

Prepare a sfock solution in water (5.4.1) before spiking the quartz sand with its appropriate volutpe as
to have a final concentration of 100 mg Zn kg-1 soil dry mass.

6 Apparptus

Use laboratgry equipment and the following.

6.1 Autodlave.

6.2 Ultragonic bath.

6.3 Sterile bench.

6.4 Freezpr, -20 °C and -80 °C for storing lyophilizates afid the stock cultures.

6.5 Conicpl flask, with cellulose stopper as a(culture vessel, nominal capacity of 100 ml| (e.g.
Reference [1]).

6.6 Temperature controlled incubator; capable of being maintained at (30 + 1) °C.
6.7 Horizpntal shaker.
6.8 Photgmeter, suitable for-measuring the optical density at 600 nm.

6.9 Fluorjmeter for microplates, emission at 590 nm, excitation at 535 nm.

NOTE Ag an example, the fluorimeter can have the following features: sensitivity around 5 pM of fluordscein
(top and botfom reading), dynamic range of five decades, filter-dependent bandpass, tungsten quartz hallogen
lamp with a ghotemultiplier (PMT) detection system.

6.10 pH-meter.

6.11 Multipette or micropipettes, 10 000 pl, 1 000 pl, 200 pl, and 20 pl.
6.12 Tips or combitips, (suitable for 10 ml) autoclavable.

6.13 Microplates, 24 well with lid, transparent and flat bottom.

6.14 Round-bottom glass bottle and adaptable top filter, with 0,22 pm pore, if necessary for the
lyophilizer.

6.15 Glass culture tubes with caps, 16 mm x 160 mm, for agar slant.
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Screw-cap vials, resistant to -80 °C, nominal capacity of 1,5 ml or 2 ml.
Membrane polyamide filter, pore size 0,2 pum, diameter 25 mm, and syringe.
Water bath.

Lyophilizer.

Sieve, pore size 2 mm.
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7.2
A po

C16-
LUFA

For
(see

stan
hom
to sij
befol
subs

Besig
subs

NOTH
contd
(see 4
5.4.13

Procedure

Preparation of dilutions

y toxic samples are being tested, a geometric dilution series may be prepdred by mix
prtions of sample (soil or waste material, see 5.3) with the respective control substrg
ure ratios of 100 %, 50 %, 25 %, 12,5 %, 6,25 % and 0 % of samplé-dry mass are sugg
hdjust the water content as stated in 5.2 and 5.3.

Reference substance and positive control preparation
bitive control should be performed every time a contacttest is run.

BAC (see 5.4.11) is recommended as a reference substance. In a round robin test (see Re
| standard soil type 2.2 [see 5.2.2, b)] was spiked with C16-BAC at a concentration of

The Inean value of the calculated inhibition was 58,2 % (BAC).[14]
r

eparation of the positive control, spike LUFA standard soil type 2.2 (see 5.2.2) w

2) mg of C16-BAC (see 5.4.11)in 100 ml of distilled water. Afterwards, spike 1
lard soil type 2.2 with 1 ml of the stock solution (6 mg ml-1). Mix the soil until the
pgeneously distributed. If stored at -20 °C, the prepared positive control substrate is §
k months. If using a freshly made positive control substrate, it should be prepared one
e the test start for allowing soil-chemical equilibrium (see Table 1). Adjust the water c
frate (see 5.2).

[rate selectedsaccording to the type of sample being tested (see 5.2).

If another reference substance is needed depending on laboratory resources or on
minants-in’ the solid sample (if known) or testing chemicals, and in accordance with the rin
Annex\A), it is suggested to use copper (1) sulfate pentahydrate (see 5.4.12; at 500 mg Cu kg-1)

;@t. 100 mg 3,5-DCP kg-1) or zinc sulfate heptahydrate (see 5.4.14; at 100 mg Zn kg-1) as additio

les using LUFA standard soil type 2.2, the positive control should also be prepared for

ng different
te (see 5.2).
psted. At the

ference [7]),
h00 mg kg-1.

th C16-BAC

5.4.11) in a concentration of 600 mgikg-1 (soil dry mass). Prepare a stock solution by dissolving
(600

D g of LUFA
substance is
table for up
or two days
bntent of the

the control

the type of
o test results
3,5-DCP (see
nal reference

subsf

ances cnll(nd into gquartz sand anl(n this control soil one or two rinvc before the test start (cp

Table 1). As

a guidance, the concentratlons mentloned cause an average inhibition ofA globiformis dehydrogenase activity
between 40 % and 100 % for copper sulfate, and between 50 % and 80 % for 3,5-DCP and zinc sulfate.

7.3

Contact test procedure

7.3.1 General

One or two days (day -2 or day -1, see Table 1) before the test start, weigh (600 * 6) mg of the pre-
moistened controls (negative and positive) (see 5.2) and test substrates (see 5.3) into the wells of a
24-well microplate. Use at least four replicates per treatment. Weigh the same amount of each substrate
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(controls and test) to prepare two (preferably three) replicates for each blank A and B (see 3.4, 3.5,
Table 1).

— Blank A — This blank sets the remaining dehydrogenase activity measured (as fluorescence) in
the different treatments after deactivation, or the own fluorescence of the substrate material (e.g.
organic matter type). The fluorescence of the blank A (controls and test samples) shall be subtracted
from the fluorescence of the respective treatments exposed to the bacteria (see 8.1.1).

— Blank B — This blank indicates the activity level of dehydrogenase in natural samples and the
efficiency of the deactivation step by comparing with blank A. Hence, blank Bis a useful measurement
for data interpretation.

The blank B|shall be performed in separate microplates. Store the microplates closed with the lid-ip the
dark at (4 £ ) °C until further testing.

Table 1 — Overview of the test procedure

Negative | Positive

Test day Step Blank B | Blank A control control Test sample
-2 or-1 |Prgparation of dilutions — — — — If needed
Maoistening of the substrates X X X X X
Spiking of the substrates X
— — — X (if chemicals pre
tested)
Uncontaminated material
(cqntrol) 6006 6006 600 £ 6 — —
(mlg wet mass)
Coptaminated or spiked 6006 | 60046 — 600+ 6 600 £ 6

supstrate (mg wet mass)

Store mil‘é?plates in the dark at 4 °C until the test start (day ()

-1 Aefration of samples — — — if anaerobif
0 Water (ml) 0,6 0,6 0,6 0,6 0,6
— Pasteurization/ Deactivation of Blank A and Test platesa
Ingculum (ml) — — 0,4 0,4 0,4
Mgdium B (ml) 0,4 0,4 — — —
Two hours of incubation at (30 + 1) °C in the dark
Refsazurin solutiop-(in) 0,8 0,8 08 | o8 | 0,8

Measurement of the kinetic (every 15 min) during 1 h

a  Test platgs are the 243well microplates containing the negative and positive controls, and the test samples, whidh are
all added with) A. globifermis inoculum. The Blank A and B plates are not added with the inoculum, but only with medifim B.
The blank B p|atesareiot subjected to the pasteurization/deactivation step.

7.3.2 Aeration

In case of anaerobic soils and waste materials, aerate them one day before the test start (day -1, see
Table 1), by shaking the mixtures (600 mg + 6 mg of sample wet mass plus 0,6 ml of sterile distilled
water) up to 24 h on a horizontal shaker at a suitable frequency, e.g. 150 min-1, in order to achieve the
first validity criterion (see Clause 9). The water shall not be removed after aeration, if no more water is
added for the incubation (see 7.3.3).

7.3.3 Deactivation

At the test start (day 0, see Table 1) add 0,6 ml of sterilized distilled water in all replicates and proceed
with the deactivation step.
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The natural dehydrogenase activity of the substrates should be suppressed as far as possible by pre-
treating the samples. This is made by heating the closed microplates (except the ones for blank B)
with the test and control (positive and negative) substrates in a water bath at (85 * 2) °C for 10 min.
Afterwards, cool them down to room temperature for about 15 min in iced water bath. The heating-
cooling process should be repeated once more.

NOTE This step, together with the incubation at (30 + 1) °C (see 7Z.3.5), makes the contact assay inappropriate
to test the effect of volatile compounds in natural contaminated or spiked substrates, since they can easily
evaporate atroom temperature (21 °C + 3 °C). Moreover, heating the sample as proposed can cause the degradation
of other contaminants. An additional blank (e.g. blank C) that does not undergo deactivation and is exposed to the

test organism can be performed to improve data interpretation. However, further testing is needed.

7.3.4
The i

a)

q

b)

I
\
1
f

7.3.5

Add

0,4 n
150

soluf]
direq
shall
at (3
dehy]

The
react

7.4
The

Preparation of the inoculum

noculum can be prepared a) from a stock culture or b) from the freeze-dried bacteria

The inoculum preparation shall start one day prior to the test start. A 1*ml aliquot

ulture of bacteria prepared according to A.2 shall be grown in 50 ml of'medium B (s

16 hat (30 + 1) °C and 150 min-1. After that, transfer 1 ml to 50 ml of fresh medium B 4
3 hat (30 +1)°Cand 150 min'! in a horizontal shaker. Adjust the‘gptical density of t
inoculum in log-growth phase to 0,4 + 0,1.

f using freeze-dried bacteria (see A.3) reconstitute a vialhwith 0,5 ml of sterilize
vater (see 5.4.1) and place the vial for approximately 20, min to 30 min at (6 * 2) °C.

uspension into 20 ml of sterilized medium B (see 5.4.6)previously warmed up to (30 *
he inoculum ready to use for the contact test. The preparation of the inoculum by re
reeze-dried bacteria is less time-consuming.

Incubation and fluorescence measurement

D,4 ml of inoculum (see 7.3.4) to all replicdtes, except for the blanks A and B in which sh
1l of medium B instead of the inoculum. Incubate the plates on a horizontal shaker 3
min-1 and a temperature of (30,£31) °C for 2 h in the dark. Afterwards, add 0,8 ml
ion (see 5.4.10) and measure immediately the fluorescence of the formed produ
tly in the microplate [excitation at (535 * 20) nm, emission at (590 * 20) nm]. This m
be repeated every 15 mih for a period of 1 h. In the interval, the plates shall be incu
D + 1) °C on the horizontal shaker. The increasing of the resorufin product is propor
drogenase activity of the test organism.

pH of the samplesishall be measured at least in one replicate of each treatment at th|
ion time, in erder to confirm pH stability during the contact reaction (see 7.4).

Interferences

est is hot applicable to assess samples/substrates with pH-values (measured in CaCly)

acid

batch.

of the stock
ee 5.4.6) for
nd incubate
he prepared

ed iced cold
[ransfer the
1) °C to have
constituting

all be added
t a speed of
bf resazurin
ct resorufin
easurement
bated again
fional to the

e end of the

below 5 (e.g.

orest soil) and higher than 9

Anaerobic samples can cause inhibition and shall be aerated up to 24 h before testing. Aerobic samples
do not need to be aerated (see 7.3.2).

The natural community of microorganisms in the solid samples can show dehydrogenase activity. To
inactivate these microorganisms, the samples are heated at least twice to (85 * 2) °C for 10 min (see 7.3.3).

The type and amount of organic matter in the samples can affect the outcome of the test because of
fluorescent light-emitting or light quenching effects. Moreover, the resazurin dye can adsorb to the
solid particles or be reduced by the contaminants in the samples, what may also decrease or increase
the fluorescence intensities.[€] In fact, resazurin is quite dependent on the redox status of the sample.
This can be overcome by subtracting the blank A from the respective treatment (see 8.1.1).
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8 Calculation and expression of results

8.1 Calculation

8.1.1 Relative fluorescence

For all measurement periods, the average fluorescence value obtained for each blank A shall be
subtracted from the fluorescence value of the respective treatment (controls and samples) exposed
to the test organism inoculum. This allows calculating the relative fluorescence of each treatment by
rejecting the own fluorescence of the substrates tested.

8.1.2 Detprmining the percentage of inhibition
Calculate thg slope of the relative fluorescence for each replicate and treatment (controlsiand samples)
using Formula (1):
s_| LS 1] W
Lt
where
S s ti:: slope of the relative fluorescence (f1 and f3) of resorufin‘in the treatment between
15 min (¢1) and 45 min (t2), in min-1. Consider only the slope values, which R2 > 0,95, at legst in
the negative and positive controls.
Calculate thfe inhibitory effect, I (as a percentage), for individual replicates of the positive contro|] and
samples, using Formula (2):
S
[ =100|—|—==x 100 (2)
S
C
where
Ss is the slope of the relative fluerescence of resorufin in the sample replicate between 15 mjn
and| 45 min;
Sc is tmf average slope of\the relative fluorescence of resorufin in the negative control betwegn
15 1in and 45 min:
8.2 Expression of results
Plot the averfage (£SD) relative fluorescence of the treatments for each measuring period (0 min, 15(min,
30 min, 45 mif;and 60 min) (see Figure 1).

12
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fionally, plot the average (xSD) percentage of dehydrogenase activity inhibition (upd
sorufin fluorescence) for the\positive control and treatments tested, including the
entrations (if chemicals are tested according to Annex B) evaluated. If dose-respons
ned indicate the LOEC or LID calculated (see Clause 10).

Jalidity of thé-test
est is validiif

he abselute value of the average relative fluorescence of the negative control increase
f mornethan 5 from the measuring time 0 min to 60 min,

1

ha‘vrafaranca cuhct

ure 1 — Example of a measurement of the relative fluorescence versus time in control soil

h C16-BAC

n inhibition
dilutions or
b curves are

s by a factor

a
rre—TrercroccoTao ottt

C16-BAC/Lufa standard soil type 2.2 soil dry mass, and

neainducac Aan Auarag
heethadees—ah o

veray

500 mg kg1

— the coefficient of variation for the average slope of relative fluorescence in the negative control
replicates is less than 15 %.

10 Statistical analysis

For performing the statistical analysis either use % inhibition data or slope values expressed as a
percentage of the control slopes.

If the test substrate differs from the control substrate only in contamination, then it can be applied
a linear (e.g. probit analysis, quantal data, or preferably logit, continuous data) for the determination
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of the ECx (where x can be 10 %, 20 % or 50 %) point estimates and their respective 95 %-confidence
intervals (see Reference [5]). These models apply to a dose-response curve.

If the test substrate differs from the control substrate in contamination and also in its intrinsic
properties, then a threshold value can be more appropriate to avoid masking effects of substrate
properties over contamination impacts. Hence, test substrates that induce an inhibition of the
dehydrogenase activity higher than 30 % relatively to the negative control (e.g. Reference [14]) can be
considered as toxic for the metabolic functions of the test organism.

In both situations, a one-way analysis of variance (ANOVA) followed by the Tukey or Dunnett’s (against

the control) multiple comparison tests may be used to ascertain significant differences between the

different trgatments—ThisanatysisatHows-the-determinationrofthe FoECvaltefrethetowestobsqrved
y T

effect conceptration) only for the dose-response curves.

NOTE1  Mpre work is being performed in order to derive a more feasible threshold value to different types of
contaminateI substrates (see e.g. Reference [12]).

NOTE 2 Tle test could also be designed and evaluated according to a LID (lowest,ineffective dilution).
However, detpils of this evaluation approach are still under discussion.

11 Test report
The test report shall include the following information:
a) areference to this International Standard, i.e. ISO 18187;

b) theidentification of the samples, as well as information entheir contamination type (when kngwn),
and physical and chemical properties;

c) the desgription of control substrate characteristics;

d) the detgils on the storage temperature and period of the samples;

e) theidentification of the test substance ifa,chemical is evaluated;

f) the date of test performance;

g) the des¢ription of the pre-treatiment of samples;

h) the preparation of chemical'solutions and concentrations, and test substrate dilutions;

i) the detpiled description~of the followed contact test procedure (e.g. water content, pH value,
bacterial inoculum)jifamendments to the procedure are done;

j) a refergnce to ‘the origin and nature of the test organism, batch number, culture and stgrage
procedures, §pecies purity control;

k) the datg ofpreparation of the bacteria;

1) anindication of possible changes in pH values at the end of the contact test;
m) the inclusion of relevant preliminary results;

n) the testresults as the inhibitory effect of the sample material on the dehydrogenase activity of the
test organism relatively to the activity in the negative control;

0) the evaluation of the inhibitory response in relation to the threshold value (see 10) and/or through
the statistical calculation of the point-estimates (e.g. ECx and 95 % confidence limits, LOEC) for the
analysed endpoint; indicate the statistical methods followed;

p) the concentration-response or dilution-response curves (whenever possible) for inhibition and
relative fluorescence data determined to the different treatments.
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Annex A
(informative)

Results on the ring test

Aim

Evallllate the variability of the method described in this International Standard to assess‘tl

soil g

A2

The

Nine
Envi
Wiir

Germany; e) Central Institute for Supervising and Testing in/Agriculture (CISTA), Czech

Rese|
of Ay

Spain; i) CSIRO Land and Water, Australia.

The
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fram|

A3

The |
sand
testi

The
betwf
werg

Upor
wate

participangs, using the respective control substrates (see 5.2). Regarding the chemicals

Tabld

nd waste samples, as well as the toxicity of chemicals (metals and organic chemieals).

Background

ring test on this International Standard started in June 2013 _and finished in |

fonement, INRA, France; c) LUBW Landesanstalt fiir Umwelt, Méssungen und Natursd
temberg, Referat Medieniibergreifende Umweltbeobachtung, Germany; d) ECT-Oekd

arch Centre for Toxic Compounds in the Environment, (RECETOX), Czech Republic; g
eiro and Centre of Environmental and Marine Studie$y(CESAM), Portugal; h) Universj

participants had to select among two testing\frameworks (Basics and Extended, se
th of them, depending on their availability?)At the end, nine laboratories performe
ework and five finished the Extended one:

Test materials and methodelogy

barticipants were provided with four soil and four waste samples, three control substr
QS [see 5.2.2, c)], LUFA standard soil type 2.2 soil [see 5.2.2, b)], OECD artificial soil [s
ng chemicals, resazurin{apnd vials containing lyophilized bacteria (4. globiformis).

selection of the samples was made according to previous studies that allowed dif
een non-contaminated (or low-contaminated) and contaminated samples. Waste and
processed ac¢ording to 5.3.

arrival he participants were asked to keep the samples at 4 °C in the dark, and
r content before starting the assays (see 5.3). A series of five dilutions had to be prej

e quality of

larch 2014.

laboratories participated in the interlaboratorial test: a) INERIS, France; b) Welience Agro-

hutz Baden-
toxikologie,
Republic; f)
) University
ty of Alcala,

e Table A.1)
1 the Basics

ates (quartz
ee5.2.2,¢)],

criminating
50il samples

adjust their
ared by the
tested (see
ificial OECD

Ad), also five concentrations were prepared for each one, using quartz sand or art

soil d

A RN
S SUDSLIALTS.

The A. globiformis batches were cultured and lyophilised under the same conditions (see Annex B) before
sending to the participants in individual vials. After reception, the participants were recommended to
store them at -20 °C and proceed with the reconstitution of bacteria [see 7.3.4 b)] whenever a test was
started. The performance and sensitivity of lyophilised bacteria was previously tested at the University
of Aveiro by running negative and positive controls with different vials. The validity criteria (see
Clause 9) were always met, being the R2 of slope values >0,95.
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Table A.1 — Substrates and chemicals tested in each framework

Test substrate/chemical Control . Framework Dilution conce_ntration
substrate? Basics Extended (-/mgkg1)
Waste no. W1, W2, W3, W4 |QS X — G2/G4/G8/G16/G32
G1/G2/G4/G8/G16b
Soil no. S1 Lufa, OECDd X — G1
Soils No. S2, S3, S4 Lufa, OECDd G1/G2/G4/G8/G16¢e
Cu (as CuSO4 - 5H20)c Qs X — 500, 100, 50, 10, 5
3,5-DCP Qs X — 300, 200, 100, 50, 25
OECD — X
Boric acid Qs — X 1000, 750, 500,250, 125
OECD — X
Diclofenac s¢dium salt QS — X 300, 200, 100, 50, 25
OECD — X
Zinc (as ZnSQP4-7H20)c QS — X 1.000, 500, 100, 50, 10
OECD — X
C16-BAC (pagsitive control) |Lufa, OECDd X X 600

QS — quartz g
a  Eitherus

b Two labo

c Concentr

d Inthisca

The dilut

e

h

htions in mg Cu or Zn kg-1 substrate; not in mg CuSQ45H20 or ZnS04 - 7H20 kg1 substrate.

be, the OECD artificial soil will be only used as a negative control.

and; OECD — artificial soil; Lufa — standard soil type 2.2.
d as negative controls for preparing dilutions, or as control substrate to be spiked with chemicals.

atories performed this range of concentrations, though thefirst range was the suggested one.

ons of S2, S3 and S4 were prepared with Lufa 2:2 soil.

A.4 Data

The dataset]
one validityj
deviations f

The within
control sub;
of variation|
globiformis
for the aven
between (C

s received from the laboratories were thoroughly checked and only accepted if: a) at

Fom the protocol were reported.

analysis
criterion defined in this/International Standard was met (see Clause 9); b) no signif]

laboratory variation (i.e. assay repeatability) of A. globiformis response to the neg
trates (QS, LUFA standard soil type 2.2 and OECD soils) was analysed by the coeffi
(CVy) of the-slope values obtained for each substrate. Accordingly, the variability
responseto the reference substance C16-BAC was determined through the CV calcu
age %.inhibition of dehydrogenase activity (DHA), either within (CV}, repeatability]
/R, €stimation of reproducibility) laboratories.

16

least
icant
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cient
of A.
lated
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For the assays performed with test substrates and chemicals, the slope values obtained were expressed
as a percentage of the negative control slope, as to conduct further statistical analysis. A one-way
ANOVA followed by the Dunnett’s test was used to determine the LID (see 3.20) or LOEC values for
each test substrate/chemical analysed (p < 0,05). If the one-way ANOVA assumptions were not met,
even after data transformation, a non-parametric ANOVA followed by the Dunn’s test was used to
determine treatments significantly different from the control (p < 0,05). The minimum detected
difference (MDD) was computed for the standard deviation of the average response (i.e. % inhibition or
slope) corresponding to the LID/LOEC values obtained in each treatment and expressed as a percentage
of the respective negative control. The EC20 and EC50 values and respective 95 % confidence limits
were derived by fitting the least-squares regression model to the data. The tests in which the ECx or
LID/LOEC could not be derived were not considered in the statistical analysis.

The yariability of the datasets generated for test substrates and chemicals by each laberatory were
analysed according to Reference [2]. However, some adaptations had to be made, sinee this procedure
does|not take into consideration the testing of concentrations. Besides, it was not\poSsible|to calculate
the nepeatability of the assay by the method in Reference [2] since most laboratories reported only
one test result for each substrate/chemical (and concentration ranges); otherwise, it would become too
labotious. Thereby, in order to estimate the repeatability of the assay, the logarithmic within-laboratory
standlard deviation (WLSD) was computed, using the log-transformed-95 %-confidence limits of the
ECx [see 3.10).[13] The reproducibility of the contact test was analyséd by the standayd deviation
(SDR) of the logarithmic ECx values determined for each test substpate and chemical in fhe different
laboratories.[8] The CVR calculated from the arithmetic averagednd standard deviation of ECx values
was used as well to evaluate the reproducibility of the assag Similarly, the warning limijts approach
(8) and the min-max factor (obtained from the minimum and maximum values of the ECk) were also
detefmined to complement the statistical evaluation.

A.5 | Evaluation of the results

At lepst one validity criterion was fulfilled through all the assays performed, but more than 56 % of
laboratories could meet two or three criteria{(see Table A.4). The first, second and third validity criteria
(accdrding to their order in Clause 9) wereaccomplished in 88 %, 72 % and 93 % of the inteflaboratorial
tests performed, respectively. The participants had generally carried out the tests in compliance with
the gtandard procedures, although‘one laboratory (L9) did not measure the fluorescence pt 30 min of
reaction time in the soil samples:S3 and S4.

The CV,’s for the slopes of negative control substrates were generally <30 % (see Table A.2), thereby
strerjgthening the low variability of DHA within laboratories.

Table A.2 — Within-laboratory variability (CVy) calculated for slope values obtaine to three
control substrates in nine laboratories (L1 to L9)

CVy|of slope Participant laboratories %

values L1 L2 L3 L4 L5 L6 L7 L8 L9
Qs 10 10 3 25 13 98 12 18
No. of tests 9 7 3 8 2 7 4 6 3
LUFA 11 10 12 3 19 92 11 12 23
No. of tests 5 2 2 2 2 2 2 2 2
OECD 12 19 19 13 17 38 12 24 25
No. of tests 6 6 2 5 2 5 2 6 2
QS — quartz sand (see 5.2.3); OECD — artificial soil [see 5.2.2 c)]; LUFA standard soil type 2.2 [see 5.2.2 b)].

Except for L6, all laboratories attained inhibitions of A. globiformis DHA 230 % and <80 % for the reference
substance (C16-BAC) (see Table A.3), thereby validating or reinforcing the inhibition range established
in this International Standard (see Clause 9). Although in laboratory L3, the CV; was >30 %, the overall
repeatability (CVy) and reproducibility (CVR) of the contact assay regarding C16-BAC was good.
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Table A.3 — Variability calculated for the percentage of dehydrogenase activity inhibition

under the reference substance C16-BAC in nine laboratories (L1 to L9)

L1 L2 L3 L4 L5 L6 L7 L8 L9
Mean % inhibition| 50,2 30,0 30,5 65,7 53,9 <0,0 57,0 50,0 43,3 |CVR (%)
No. of tests 5 1 3 2 2 2 2 2 2 26
CVr (%) 8 22 36 8 13 n.a. 23 22a 29

variation (est

CV; — within-laboratory coefficient of variation (estimation of repeatability); CVrR — between-laboratory coefficient of

imation of reproducibility); n.a. — not applicable.

At least eig

between fiv
test results
and 6,8 % f
always with
(should be <

vere

tvalid datasets were obtained for waste and soil camp]nc, whilst for rhnmir‘a]c’ there

e and nine test results (see Table A.4). Only 5 % of outliers were identified in the whalg
(seven in 130 tests), thereby indicating data consistency. The MDD varied between 1
r wastes, while for soils, it was between 3,8 % and 7,1 %. The EC20 and EC50.values
in the respective warning limits calculated for each test, as well as the min-max fa
4,0) and WLSD were generally acceptable.[12] The latter measure provides an estimati

test repeatability, which in this case can be considered acceptable (see Table A.5).

In what con|
presented 3

cerns the variability between laboratories estimated from EC20 faean values, seven
CVR < 30 % (limit recommended by Reference [21]), five had 31 % < CVR < 65 %

two were alpove 65 % variation. For the EC50 mean values, seven testsshad CVR < 30 %, and fiv{

31 % < CVR
deviation (S

Therefore, t
the quality d
however, th|
for tests wif
artificial soi
fluorescencg
the average
as to inforn
of control s
contact test
the possibil
quartz sand|

Table

< 65 % (see Table A.5). An equivalent trend was obtained(for the reproducibility stan
DRr), thereby indicating a satisfactory variability betweehdaboratories.

he outcome of the ring test allows concluding that this’solid contact assay is valid to a
f'soils and wastes with good repeatability and reproducibility. For the tests with chem
e higher variability between laboratories (particularly the EC20 mean values) obsg
h Cu, 3,5-DCP and Zn is mainly associated gith one of the control substrates used
[l (OECD). This could in part be due to the influence of its constituents (e. g. peat particld
e readings. Besides, the use of this substpate had substantially and consistently decrg
toxicity of the chemical compounds tésted. A note was added to this International Stan
1 about the effect of this artificiaksoil on test outcomes; hence helping with the sele
hbstrate according to the objectives of each study, which might integrate the use g
The tests performed with spikéd quartz sand evidenced higher reproducibility. More
ty of including copper sulfate, 3,5-DCP or zinc sulfate as reference substances spiked
in this International Standard seems to be applicable.

A.4 — Summary efthe ring test results on waste and soil samples, and chemical
compounds — Test validity, acceptance and sensitivity (MDD)

ring
2 %
were
ctors
on of

tests
and
» had
dard

Esess
icals,
rved
- the
s) on
ased
dard
ction
f the
over,
into

Test
material/
chemical

Mean
MDD

No. of tests
for MDD
calculation

No. of
accepted
tests

22
validity
criteria

met (%)a

No. of tests
with
outliersb

Total
no. of
tests

Control
substrate

w1

QS 89 1.2

w2

Qs 89 5,4

3,92

w3

QS 78 2,9

2,08

W4

QS 78 6,8

8,88

S1

LUFA 89 n.d. n.

d.

S2

o|lo|lo|v|v|l
ol|lo|lo|r|r |k
o|lo|wv|w|w||lo
a|o|on|ui|u|e

LUFA 89 3,8

1,78

a

b

n.d. Notdetermined.

QS — quartz sand; LUFA standard soil type 2.2; OECD — artificial soil;

3,5-DCP — 3,5-dichlorophenol; MDD — minimum detected difference (%); SD — standard deviation.
Percentage of valid tests for which at least two validity criteria were met.

Computed in accordance with ISO 5725-2.
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Table A.4 (continued)
Test Control 22 Total | No. of tests No. of No. of tests | Mean SD
material/ | substrate | validity | no. of with accepted for MDD MDD
chemical criteria | tests outliersb tests calculation
met (%)2
S3 LUFA 78 9 1 8 6 6,5 3,87
S4 LUFA 89 9 1 8 4 7,1 1,23
Copper Qs 100 9 1 8 7 3,5 1,79
sulfate OECD 80 5 0 5 5 13,7 13,85
S 89 9 T 8 8 2,2 0,99
3,5-]1)CP <
OECD 80 5 0 5 5 6,3 3,64
. . QS 80 5 0 5 3 6,8 2,54
Bori¢ acid
OECD 80 5 0 5 0 n.d. n.d.
. QS 80 5 0 5 4 6,6 4,92
Zinc|sulfate
OECD 80 5 0 5 3 9,5 4,80
Diclgfenac QS 80 5 0 5 4 3,2 1,80
sodifim salt OECD 80 5 0 5 3 3,5 0,18
n.d. |Not determined.
QS —{ quartz sand; LUFA standard soil type 2.2; OECD — artificial soil;
3,5-0CP — 3,5-dichlorophenol; MDD — minimum detected difference {(%); SD — standard deviation.
a  Percentage of valid tests for which at least two validity criteriawere met.
b (omputed in accordance with ISO 5725-2.
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Annex B
(informative)

Preparation of test organisms

B.1 General

The {
steri

ollowing steps shall be done under aseptic conditions in a sterile bench using a burii]
ized material and reagents.

B.2

The §oil bacteria A. globiformis (strain number ATCC 8010) can be obtainéd)from the Germa
of Microrganisms and Cell Cultures [Deutsche Sammlung fiir Mikrgorganismen und
(DSMZ; No. 20124 at http://www.dsmz.de/catalogues/)] or from thetAmerican ARS Cultur
NCAUR.3) It shall be reconstituted according to the instructions provided by DSMZ or 4
other culture collections supplier. Afterwards, the bacteria is-grown in 50 ml of medium |
and incubated for 8 h at (30 + 1) °C on a horizontal shaker (fréquency: 150 min-1). Transfer
cultyre into 50 ml of fresh medium A (see 5.4.5) and ingcubate for 16 h at (30 = 1) °C an
Determine the turbidity of the culture at 600 nm and adjust to an optical density of (0,4 4
by irfcreasing the incubation period or diluting the siispension with medium A). Store the
cultyre in 1 ml aliquots with DMSO (4 % volume fraction) and freeze them at -80 °C.

Stock culturing

B.3 | Freeze-drying of bacteria

Freere-drying is a convenient method\for preservation and long-term storage of microor
Reconstituted freeze-dried bacteria are immediately active and ready for use, allowing re
6 h In this test procedure. In erder to protect the cells against freezing and drying in
protéctive agents like skim milkjand myo-inositol are used.[Z][11]

In th first step, freeze-dryythe sterile protective medium (see 5.4.8): add 0,5 ml of protect
eral sterile 1 ml vials and deep-freeze them at -80 °C for at least 15 min. After, in
vials in a sterilized apparatus [e.g. glass bottle (see 6.14) with a screwed neck adapte
top flilter of 0,22-im pore diameter] that allows water sublimation under sterile condif
the lyophilisatign.~Take the whole set to -80 °C during 15 min to ensure that the protectiv|
completely fr'ezen and then place the apparatus with the vials in the lyophiliser for 24 h (d
the type of equipment and functioning options) at a temperature of (-60 to -80) °C. At the e
vials|ant store the aliquots of freeze-dried protective medium at -80 °C until further use.

g flame and

n Collection
Vellkulturen
e Collection,
iccording to
\ (see 5.4.5)
1 ml of this
1 100 min-1.
0,1) (either
sterile stock

panisms.[18]
sults within
uries, some

ive medium
troduce the
1 to a sterile
ions during
e medium is
epending on
hd, close the

For the second step of Iyophilisation, prepare an overnight culture by taking T mI of the un

rozen stock

culture and adding 250 pul to 50 ml of medium B (see 5.4.6). Incubate the suspension for 14 h to 16 h
at (30 + 1) °C on a horizontal shaker (frequency: 150 min-1). Determine the turbidity of the culture at
600 nm and adjust to an optical density of 0,2 (either by increasing the incubation period or diluting the
suspension with medium B). Incubate for two more hours until the density is 0,4.

Inoculate the agar slants (see 5.4.7) (e.g. 10 tubes) with the fresh culture prepared and incubate the
agar slant for 24 h at (30 + 1) °C. Afterwards, prepare a thick cell suspension (at least 108 cells per ml or

3) Deutsche Sammlung fiir Mikroorganismen und Zellkulturen (DSMZ) GmbH, Mascheroder Weg 10, D-38124
Braunschweig, Germany; or ARS (Agricultural Research Service) Culture collection (also known as NRRL) belonging
to the National Center for Agricultural Utilization Research (NCAUR), 1815 N, University Street, Peoria, Illinois
61604, USA are examples of firms that sell this bacteria. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of these firms.
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