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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.

The procedpres—tsed—to—develop—th CHeRt—at ose—intendedforitsfurthermaintenanee are
described i1} the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may'be’the subj¢ct of
patent rightk. ISO shall not be held responsible for identifying any or all such patent rights. Details gf any
patent rightjs identified during the development of the document will be in the Introduction and/pr on
the ISO list ¢f patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)as well as information about ISO’s adherence to the W.FO principles in the Technical Barjriers
to Trade (TBT) see the following URL: Foreword - Supplementavy information

The committee responsible for this document is ISO/TC 190; Soil quality, Subcommittee SC 7, Soil and site
assessment.
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Introduction

One of the main objectives of ISO 17402 is to define a conceptual framework of the bioavailability of

contaminants in soils and soil materials, and to provide a guidance for the selection of met

hods able to

be standardized for the measurement of bioavailability. Bioavailability was thus defined according to

three successive steps:

a) ‘“environmental availability”;
b) “environmental bioavailability”;
c) ‘toxicological bioavailability”.

The environmental bioavailability is consequently a prerequisite to the assessmentef.the t
bioayailability and is directly related to the impact of pollutants on major functions o
ecosystem and more particularly to habitat and retention functions.

Envifonmental bioavailability can be estimated with either chemical or biological methodg
of trace elements, chemical methods are usually the cheapest, easy to perform, and some
alreddy standardized at national or international level (e.g. ISO 19730). However, chemi
which, strictly speaking, measure the environmental availability insoils have to be corti
biological measurements before being used as indicators of enwironmental bioavailabilit
chenjical methods are employed, none are designed per se to address the diversity of respons
among different plant species or cultivars which can be attributed to a) the uptake behavi
(i.e. sensitive, tolerant, accumulator, or hyper-accumulater of trace elements) and/or b) t
plants to alter the biological, physical and physical-chemrical properties of their “bio-influen
the spil-rootinterface, i.e. the so-called rhizosphere. Itcould alternatively, be suggested to ap
metHods directly to the rhizosphere but the samplihg of the rhizosphere is definitely too t
applied routinely.

For b
on s(
desig
root
trace
non-
bioay
Thus
toin
elem|

iological methods, four standardized biotests account for rhizosphere processes as th
il-grown plants (ISO 11269-1, ISO 11269-2, ISO 17126, and ISO 22030). However, thef
ned to predict trace element pliytotoxicity, i.e. the toxicological bioavailability. In th

grow directly in the soil, therefore requiring a tedious washing procedure to relia
elements accumulated in the\roots. Indeed, the amount of trace elements accumulated
hccumulator plant specjes.is not sufficiently sensitive to be used for assessing the en
railability of trace elements compared to the amount accumulated in the whole plant, ro
,thereisstillaneedtodevelop biological methodsaccounting for rhizosphere processes:
‘lude the root compartmentin order to properly estimate the environmental bioavailah
ents to plants:

oxicological
[ soil in the

. In the case
of them are
ral methods
elated with
y. Whatever
es observed
ur of plants
he ability of
ced zone” at
ply chemical
edious to be

by are based
e were only
bse biotests,
bly measure
in shoots of
yironmental
bts included.
ind enabling
ility of trace

equently,thepresent International Standard introduces a biotest based on the growi
ct with'the soil but without penetrating it. Although this experimental design is partl
es a fair comparison of the bioavailability of trace elements between tested soils. In

g of roots in
artificial, it
ddition, the
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Soil quality — Plant-based test to assess the environmental
bioavailability of trace elements to plants

1 Scope

This International Standard specifies the plant-based test, hereafter called the biotest. It enables

estin
conc
biotd
grow
net
proc

This
mor¢

1
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samyj

NOTH
prong

NOTH
contd
and s

2

The
indig
refen

ISO 3

Tation of tie envirommerntat bioavaitabitity of trace etenments to prants eitirer basically as the

entration in shoots and roots or in a more integrative way as the net uptake flux'in|
st procedure includes two successive steps: (i) a pre-growth of plants in hydreponi
th of plants in contact with soil samples. The concentration in shoots and-ro6ts as
ptake flux of trace elements in plants are determined at the end of the second step o
bdure.

biotest is applicable to the assessment of environmental bioavailability of trace eleme
particularly to agricultural plants, in soils or soil materials underoxic conditions, cons

hree plantspecies (cabbage, Brassica oleracea; tall fescue, Festuca arundinacea; tomato, |
sculentum; 7.1) are suggested in the standardized biotest procedure, but additional
pecies can also be used (see 7.1, Annex A), and

he standardized biotest procedure is validated for“a range of trace elements inclu
As), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), lead (Pb), nickel (Ni), and z

jdditional trace elements can also be accounted for (see Annex A).

plants. The
cs and (ii) a
well as the
If the biotest

ts to plants,
idering that

Lycopersicon
target-plant

ling arsenic
inc (Zn), but

biotest can be applied to soils and soil materials, including soils amended before or after field

ling with composts, sludges, wastewaters, and other (waste) materials.

1  This biotest is not designed to.dssess the environmental bioavailability of trace elem
b to volatilisation or resulting from@ptake occurring in plant leaves following, e.g. atmospheri

2 This biotest is not designed to assess the environmental bioavailability to plant
minants. A similar experimental procedure could be used but the physical separation betwed
pil using a polyamide mesh needs to be adapted to avoid organic contaminant sorption on the

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

696, Water for analytical laboratory use — Specification and test methods

ents that are
c fallout.

s of organic
n plant roots
mesh.

ent and are
For undated
es.

ISO 10390, Soil quality — Determination of pH

ISO 10694, Soil quality — Determination of organic and total carbon after dry combustion (elementary
analysis)

ISO 11269-2, Soil quality — Determination of the effects of pollutants on soil flora — Part 2: Effects of
contaminated soil on the emergence and early growth of higher plants

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

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

meth
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3 Terms and definitions

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

31
contaminant
substance or agent present in the soil as a result of human activity

[SOURCE: ISO 11074:2005, 3.5.1]

Note 1 to entry: There is no assumption in this definition that harm results from the presence of the contaminant

3.2
environmental availability
fraction of fontaminant physico-chemically driven by desorption processes potentially @vailable to
organisms

[SOURCE: IS0 17402:2008, 3.4]

3.3
environmental bioavailability
fraction of the environmentally available compound which an organism takes,up through physiologically
driven processes

[SOURCE: IS0 17402:2008, 3.5]

3.4
habitat fungtion
ability of sojl/soil materials to serve as a habitat for micre-organisms, plants, soil-living animals, and
their interagtions (biocenosis)

[SOURCE: IS0 11074:2005, 3.4.3]

3.5
trace elemgnt
chemical elgment in soil occurring at concentration generally less than 100 mg kg-1

Note 1 to entfy: Given according to Reference [16].

3.6
retention fiinction
ability of solll/soil materials\te adsorb pollutants in such a way that they cannot be mobilized vip the
water pathway and translecated into the terrestrial food chain

[SOURCE: ISO 110742005, 3.4.13]

3.7
rhizospherp
volume of soil around living roots that is influenced by root activities

Note 1 to entry: Given according to Reference [17].

3.8

soil

upper layer of the earth’s crust transformed by weathering and physical/chemical and biological

processes. Itis composed of mineral particles, organic matter, water, air, and living organisms organized
in genetic soil horizons

[SOURCE: ISO 11074:2005, 2.1.8]

2 © IS0 2015 - All rights reserved
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soil material
material coming from soil and displaced and/or modified by human activity, including excavated soil,
dredged materials, manufactured soils, and treated soils and fill materials

[SOU
3.10

RCE: ISO 17402:2008, 3.16]

toxicological bioavailability

inter

[SOU

nal concentration of pollutant accumulated and/or related to a toxic effect

RCE:- IS0 17402:2008 318]

4 1

This
by R
Figu}
14 d
culty
samy

Principle

International Standard describes the experimental procedure of the biotest develo
eferences [18], [19], and [20]. This biotest consists of two successive steps of plant

e 1). During the first step (i.e. preculture period), plant seedlings are grown in hyd
Lo achieve an adequate plant biomass and a dense, planar root mat¢During the second §
re period), the root mat of pre-grown plants is put in contact for8'd with a 6 mm-thick
le sieved to 2 mm.

pbed initially
srowth (see
roponics for
tep (i.e. test
layer of soil
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Key
a seed gérmination (7 d) 8 air diffuser
b seedlirlg pre-growth (7 d) 9 30-pm mesh
1 preculture period in hydhoponics - 14 d 10 air
2 test culture periodssoil-plant contact - 8 d 11 root mat
3 aluminium foil 12 nutrient solution 2
4 floating platform 13 shoots
5 seeds 14 soil layer (6 mm thick)
6 plant pot 15 nutrient solution 3
7 nutrient solution 1 16 filter paper wicks

Figure 1 — The two-step procedure of the biotest

A set of control plants is harvested at the end of the preculture period in hydroponics to determine the
pools of trace elements in plant shoots and roots before exposure to soil. Whole plants (shoots and roots)
are then harvested at the end of the test culture period. Biomasses and trace element concentrations in
shoots and roots are determined. The end points of the biotest are a) the concentration of trace elements
in shoots and roots at the end of the test culture period and b) the net uptake flux of trace elements in
the whole plants during the test culture period. If these end points are usually correlated,[21] the uptake
flux is expected to be more representative of the trace element bioavailability to plants during the test

4 © IS0 2015 - All rights reserved
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culture period (i.e. the exposure to tested soils) as, conversely to concentrations, the uptake flux does
not include the portion of trace elements taken up during the preculture period (11.1).

As plant growth during the pre-culture period is usually sufficient to prevent the occurrence of
phytotoxic symptoms induced by adverse soil chemical properties or excessive accumulation of trace
elements in plant, the biotest enables a fair comparison of trace element bioavailability over a broad
range of soils, including heavily contaminated soils.

5 Laboratory apparatus

The

“n”nun'ng nnlnipmonf shall be used All nnlnipmnnf that comes into contact with the c’lmple (SOilS,

plant
5.1
5.2
5.3
5.4
5.5
5.6
5.7

5.8

6 1

6.1

Use 1
Co, C
ISO 3

6.2
with

s, or reagents) shall not adsorb substantially trace elements and shall not contaminatg
Sieving equipment, nominal screen size 2 mm.

Crushing equipment, jaw crusher and cutting device.

Balance, with an accuracy of at least 100 mg.

Balance, with an accuracy of at least 1 mg.

Growth chamber, suitable for maintaining specific clitmatic conditions as specified in
Ventilated oven, suitable for drying soil or soilumaterial at 25 °C and shoots and roots|
Scissors, with blades made of zirconium oxide.

Grinder and marbles, made of zireconium oxide.

Reagents

General

eagents of analyticaljgrade purity with a concentration of investigated trace elements
I, Cu, Ni, Pb, and Zn) lower or equal to 5 mg kg-1. Water used shall comply with grade 3
696.

Waterdistilled or demineralized with a specific conductivity of at most 5 uS cm-1 at 25
n thexange 5,0 to 7,5.

the sample.

/.4

at 50 °C.

(e. g. As, Cd,
hccording to

°Cand a pH

6.3

6.4

6.5

6.6

6.7

6.8

© ISO
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T
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4:04+gmel-13-

Calcium chloride dihydrate (CaClz-2H20, 147,07 g mol-1).
Boric acid (H3B03, 61,83 g mol-1).

Calcium nitrate tetrahydrate (Ca(NO3)2-4H;0, 236,15 g mol-1).
Potassium nitrate (KNO3, 101,1 g mol-1).

Magnesium sulfate heptahydrate (MgS04:7H30, 246,48 g mol-1).

2015 - All rights reserved
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6.9 Potassium phosphate (KH2P04, 136,09 g mol-1).

6.10 Ethylenediaminetetraacetic acid iron(III) sodium (NaFe(II[)EDTA, 367,05 g mol-1).

6.11 Copper chloride dihydrate (CuClz-2H20, 170,48 g mol-1).

6.12 Manganese chloride tetrahydrate (MnClz-4H20, 197,91 g mol-1).

6.13 Zincs

6.14 Sodiu

7 Biolog

ulfate heptahydrate (ZnS04-7H0, 287,54 g mol-1).

Im molybdate dihydrate (Na;Mo04:2H20, 241,95 g mol-1).

ical and growing apparatus

7.1 Plant species

The three f
esculentum)
accumulatol
of trace elel
of physical-
following cy

pllowing species, i.e. cabbage (B. oleracea), tall fescue (F. arundinacea), and tomaf
are used during the biotest deployment. These three plant specieswere selected among
[, common agricultural species for their ability to collectivelydnaximize the phytoavaila
ments (more specifically that of As, Cd, Cu, Pb, and Zn)-n soils exhibiting a broad 1
chemical properties and origin of trace element.[21]\For each of the three specieq
Itivars are recommended: castelard for B. oleraceagcalina for F. arundinacea, and flin

o (L.
non-
bility
ange
, the
e for

L. esculentuin. However, in the only case where recommended cultivars are not commercially available

other cultiv
during the |
selecting dif
experiment

Additional 1
ecological, 4
assessment,
the biotest |
biotest, but
report the r

NOTE 1
much as posg

NOTE2 If
measuremen

7.2 Biote

hrs may be used provided that they exhibit an adequate growth and homogeneous roo
piotest procedure for the different soils tested. Specify in the test report the reason
ferent cultivars than those recommended. Fof a given cultivar, seeds used for a single
shall come from the same batch.

pecies can be selected, e.g. speciesswith specific physiological characteristics or
gricultural or economic significance in certain regions of the world or for specifi

pbrocedure for the differentssoils tested. A list of plant species adapted to be grown i
bnly partly validated forthe'standardized procedure, is given in Annex A. Specify in th
basons for selecting additional species.

The biotest procedure should be used with untreated seeds (i.e. not treated with any pesticic

ible. If not feasible;specify it in the test report.

other cultivars than those recommended are used, it is to note that this can alter the b
L in a similay'extent than if different species were used.

st apparatus

[ mat
s for
bet of

with
site

provided that these species exhibit an adequate growth and homogeneous root mat diiring

h the
b test

le) as

otest

The following apparatus shall be used. Apparatus that comes into contact with the sample (soils, plants

or reagents)

shall not adsorb the component of interest and shall not contaminate the sample.

The plant-receiving pot (i.e. plant pot) is designed to contain the whole plants from the beginning of the
preculture period to the end of the test culture period. The plant pot enables plants to develop a planar
and dense root mat while maintaining a physical separation with the tested soil sample. The plant pot
consists in a cylinder fitted to an upper plate at the top and closed at the bottom with a polyamide mesh
(30 um pore size) using an adjustable clamp (see Figure 2). The mesh shall be well tightened.

© ISO 2015 - All rights reserved
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B wWw N R

The ¢
and

a clo
a pel
the f]
bubb
divin
hom
also

ipper plate

Cylinder

hdjustable clamp

B0 um polyamide mesh

Figure 2 — Plant-receiving.pet assembly

issembly used for the first step, i.e. the pre-cultute period, is designed to enable seeds {

ke contact between seeds or seedling roots-and the nutrient solution. This assembly
forated platform floating over a tank-containing nutrient solution. Perforations pasg
loating platform enable to lodge plant pots. The nutrient solution is continuously ael
ling system composed of an air-pump, capillary tubes connected with derivations a
g into the nutrient solution (seé _Figure 3). The floatability of the platform is critical
pgeneous contact of all the plant pots in a tank with the aerated nutrient solution. TH
imits the exposure of the autrient solution to light radiations, thereby avoiding algal d

0 germinate

for seedlings to develop a dense and planar-mat of roots in hydroponics. This assenpbly enables

I consists in
ing through
rated with a
nd diffusers
to ensure a
is assembly
evelopment.
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Key

1 tank

2

3

4 airdiffu
5 air

6  tube

7  air-pum

The assemb

perforatpd floating platform
nutrient|solution 1 or 2

er

Figure 3 — Assembly used for the preculture period

y used for the second step, i.e. the test culture periéd, is designed to enable a close co

between thg root mat and the soil layer. It is made of two parts and three filter paper wicks sandw

in between:
b)a 0,5 dm3

root matto |

a) a contact assembly that firmly press the.plant pot over the soil layer using fastening
screw-top jar filled with the nutrient solution 3 (see Figure 4). This assembly enables (

wicks to remain fully moistened during the entiré-duration of the test culture period.

ntact
ched
5 and
) the

be maintained in contact with the wholesurface area of the soil layer, and (ii) the filter paper

Key

1 wingnut 6  soil-receiving plate
2 plant pot 7  screw-top

3 soil layer (6 mm thick) 8 filter paper wicks
4  screw 9  screw-top jar

5 screw nut 10 nutrient solution 3

Figure 4 — Soil-plant contact assembly used for the test culture period

© ISO 2015 - All rights reserved
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Except for the adjustable clamp, the filter paper wicks and the polyamide mesh, all the components
of the plant-based test are reusable provided that they are subjected to a two-step washing, firstly, in
hot water to remove adhering mucilage and microbial biofilms then secondly, in a volume fraction of
10 % HNO3, followed by a thorough rinsing with distilled or demineralized water. A thorough list of
the components along with specification is given in Table 1 for information and technical drawings
are given in Annex B. Home-made apparatus may be built provided that the size of the different parts
remains proportional and that component specification is similar.

Table 1 — Components of the biotest (informative)

Component No.2 Quantityb Specification
1 L [RG bhdensity fah mpers
Plant pot Upper plate 2 1 HDPE for food contacg
Polyamide mesh / 1 100 x 100 mm, 30 um|pore size
Adjustable clamp / 1 180 mur'x 2,4 mm
12.dm3, 400 mmx294 mm
Tanke 3 1 x“165 mm, Opaque HIDPE for food
contact
Perforate(fioi;lr(;lating plat- 4 1 Extruded polystyreng platform
Preculture
period Two outputs Air-pump / 1 Ségllow 100 - 200 dm3 h-1 out-
Capillary tube / 2 PVC, int. diam. ca. 4 mjm
Derivation / If necessary
Air-diffuser / 2 Ceramic diffuser, 100{x 10 mm
Screwtop jar 5 1 Cch)rigéi: and white PP|for food
Filter paper wick / 3 Hardened ashless filtgr paper
Tekt culture Soil-receivipdpiite 6 1 HDPE for food contacf, 6 mm
beriod thickness
Screw / 4d HDPE
Sgrew nut / 8d HDPE
Wing nut / 4d HDPE
a2 (jJomponent number as referenced in the technical drawings depicted in Annex B.
b Hor one item)of each of the three biotest components (i.e. plant pot and apparatus for preculture and test culture
periods).
¢ Adapted for 12 plant pots per tank filled with 6 dm3 of nutrient solution.
d  (nlytwo screws can he used to reduce time-fitting with only fonr screw nuts and two wing nuts

7.3 Composition of the nutrient solutions

Three different nutrient solutions shall be prepared for the deployment of the biotest for (i) seed
germination, (ii) seedling pre-growth in hydroponics [steps (i) and (ii) are included in the preculture
period], and (iii) plant growth during the test culture period.

During seed germination (preculture period), the nutrient solution 1 shall be composed of 600 pmol-dm-3
CaCl; (6.4) and 2 pmol-dm-3 H3BO3 (6.5).

During seedling growth in hydroponics (preculture period), the nutrient solution 2 shall be prepared
by adding the nutrients in the following order and concentration: 500 pmol-dm-3 KHPO4 (6.9);
2 000 pmol-dm-3 KNO3 (6.7); 2 000 pmol-dm-3 Ca(NO3)2 (6.6); 1 000 pmol-dm-3 MgS0O4 (6.8);

© IS0 2015 - All rights reserved 9
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0,2 pmol-dm-3 CuCly (6.11); 10 pmol-dm-3 H3BO3 (6.5); 2 pmol-dm-3 MnCl; (6.12); 1 pmol-dm-3
ZnS04 (6.13); 0,05 umol-dm-3 NapMoO4 (6.14); and 100 umol-dm-3 NaFe(III)EDTA (6.10).

During plant growth in the test culture period, the nutrient solution 3 shall be prepared by adding
the nutrients in the following order and concentration: 50 umol-dm-3 KH2P04 (6.9); 2 000 pmol-dm-3
KNO3 (6.7); 2 000 pmol-dm-3 Ca(NO3)3 (6.6); and 1 000 umol-dm-3 MgS04 (6.8).

Nutrient solutions shall be prepared with distilled or demineralized water (6.2).

7.4 Climatic conditions in the growth chamber

Plantscanb i ” ; i i i itions
comply witH those listed in Table 2. Monitor and record the temperature and the relative humidityin the
growth chamber in short intervals (<1 h). Measure and record the illumination at least at the'begix
and at the end of the biotest procedure.

Table 2 — Climatic conditions for the deployment of the biotest (normative)

Climatic conditions Day Night
Photoperiod|in h 16 8
PAR3, in umgql photons m-2 s-1,at 400-700 nm 200 - 400D /
Temperaturg, in °C 25+3 202
Relative humidity, in % 75%5 70+5
a  Photosynfhetically active radiation.

b At the carjopy level.

8 Pre-treatment and analysis of soil or seil material sample

8.1 Sample size and particle size reduction

The test poftion shall be prepared to have a grain size less than or equal to 2 mm. The material|shall
not be finely ground, which would likely~alter the bioavailability. Material >2 mm of natural origin (e.g.
stones, pebbles, twigs) shall be separated and discarded from the sample. If the laboratory sample
cannot be cfushed or sieved because of its water content, it is allowed, in this case only, to reducg the
water contept until the laboratery sample can be sieved. The drying temperature shall not exceed 25 °C.

NOTE Drying, even beléw) 25 °C, of samples collected from volcanic soil exhibiting allophanic propérties
should be avgided. This kind of soil sample should be stored moist at 4 °C.

8.2 Analyses

Determine the-following physical-chemical properties of soil or soil material:

— initial water content according to ISO 11465;

— water holding capacity according to ISO 11269-2;

— texture according to ISO 11277;

— pHin H30 or CaCl; according to ISO 10390;

— organic carbon concentration according to ISO 10694.

NOTE The determination of texture, pH and organic carbon concentration is necessary for the interpretation
of the results.
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9 Experimental and analytical procedure

9.1

Overview of the procedure

Figure 5 introduces the different steps of the procedure described hereafter.

NOTH

NOTH

9.2

Seled
shap

Storg

Seed selection Preculture Test culture Plant TE analysis
and preparation —»| period i period = Harvest in plants
(9.2) (9.3) (9.5) (9.6) (9.7 &9.8)
I I
Soit preparation : :
and incubation | |
(9.4) I I
| ! !
Day 0 Day 14 Day 22 D >

1  Dark boxes stand for the two steps of the biotest procedure.
2 TE means trace element.

Figure 5 — Sequential steps of the experimental and analytical procedure
Selection and preparation of seeds

t the seeds to be used in the biotest (AnneX’C). Reject empty husks, damaged seeds,
ed or sized seeds.

selected seeds in darkness and in.dryconditions, ideally at 4 °C, to preserve germinat

Preculture period: Germination and pre-growth in hydroponics

e germination, sterilize-the surface of the seeds by immersion for 10 min in a volum
1,07, then rinse the seeds three times with distilled or demineralized water.

put the requirednumber of seeds at the surface of the polyamide mesh in the plant pot,
llowing density: 50, 80, and 40 seeds per plant pot for B. Oleracea, F. arundinacea, and L
bctively. Additionhal seed density for a range of species tested with the standardized e
pdure is given in Annex C.

are fox,each soil or soil material tested a minimum of five replicates (i.e. plant pots) per

or unevenly

on capacity.

e fraction of

hccording to
esculentum,
Kperimental

antspecies.

obtain enough plant pots with a homogeneous plant biomass to serve as controls and for the test culture
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period, multiply the number of initial plant pots to grow by a security factor of 1,2 at least. Calculate the
total number of plant pots to prepare per plant species using Formula (1):

np

:[(ns

where:
Np
ng
nr
ne

f

After sowin
placed at thd
days in darK
(green pigm
then grown
need tober

After the fij
nutrient sol
position in
floating plaf
of 10 % HN(

During thes

is tlfe mumber of Tepiicates (Minimum 5)J;
is the number of plant pots which serve as control of the preculture period (minimum\5),

is the security factor (minimum 1,2).

xnp)+n.]x f

is the total number of plant pots to prepare per plant species;

is the number of soil or soil material tested;

M

b, plant pots are passed through the floating platform (12 plant potsper floating platform)

top surface of 6 dm3 of the nutrient solution 1 in the tank. Germinatethe seeds for two td
ness by covering the tank with an aluminium foil. When functjonal photosynthetic o
entation on cotyledons or leaves) appear, the aluminium foil’can'be removed. Seedling
up to the end of the first week over the same nutrient solution. Nutrient solution 1 doe
Pnewed.

st week, seedlings are grown for one additional wéek at the top surface of 6 dm3 g
ition 2. The nutrient solution 2 shall be renewed-every third day. Randomize the plan
he floating platform at each renewal. At each rehrewal, the preculture apparatus (tanl
form) shall be replaced and thoroughly washed in hot water and then in a volume fra
3 followed by a thorough rinsing with distilled or demineralized water.

e two weeks in hydroponics, nutrientsolutions shall be aerated with a bubbling systen

four
gans
S are
s not

f the
t pot
k and
ction

=4

9.4 Preparation and incubation of soil'or soil material

In parallel yith the preculture periad)tested samples of soil or soil material are incubated for two
weeks in dafkness in similar climaticiconditions as the plants (7.4). This incubation step should ehable
to reach chemical equilibrium in(samples following the microbial flush due to moistening. After putting
the adequatie mass (as dry matter) of each sample in an adequate container, samples are packed to a
soil density [of ca. 1,2 g cm-3;then moistened at 70 % of their water holding capacity with the nuffrient
solution 3. Determine the water holding capacity with a soil or soil material packed to a soil depsity
similar to that of the soilHaid in the soil-receiving plate (i. e. ca. 1,2 g cm-3). An opening in each contfiner
should allow equilibtivm with the ambient atmosphere. Moisture content shall be checked regularly and
adjusted if ecessaty with the addition of the nutrient solution 3.

One day befor® the beginning of the test culture period, a fresh equivalent of 9 g of dry soil of soil
material are laid down on each soil-receiving plate to obtain a soil layer of ca. 6 mm thickness and ca.
1,2 g cm3 soil density. If a soil cannot be packed to a density of 1,2 g cm~3, adjust the mass of soil to
obtain in any case a soil layer thickness of ca. 6 mm and report this deviation in the test report (see
Clause 13). Soil-receiving plates are then individually put over 0,5-dm3 screwtop jars containing the
nutrient solution 3 in which the filter paper wick is dipping. The water holding capacity of samples is
subsequently increased up to 100 %. Soil-receiving plates shall be covered up to the beginning of the test
culture period to maintain the soil samples in darkness and to limit evaporation.

9.5 Test culture period: Plant growth in contact with soil or soil material

Atthe end of the preculture period, visually select the replicates of plant pots showing homogenous plant
biomasses, and discard the others. Thoroughly rinse the selected plant pots under a flow of distilled or
demineralized water. Finally, put each plant pot in contact with a soil-receiving plate for 8 days using
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the contact system. Nutrient solution 3 should be renewed every second day, excepted on the last day
of the test culture period. Randomize soil-plant contact assembly at each renewal. At each renewal,
replace over 0,5-dm3 screw-top jars and thoroughly wash them in hot water, then in a volume fraction
of 10 % HNO3 followed by a thorough rinsing with distilled or demineralized water. During renewal, soil
receiving systems should be handled cautiously to avoid any alteration of the wicks. The wicks should
continuously be kept wet to ensure an adequate and continuous supply of water and nutrients to the
roots. Any altered wick shall be reinforced by opening the soil receiving system and inserting a new
wick.

9.6 Plant harvests

At the end of the preculture period, select visually and harvest the replicates of plant ppfs serving as
contfol for each plant species. At the end of the test culture period, separate the plant pots from the soil
receiving systems and harvest the plants.

Remgve the polyamide mesh from the bottom of plant pots and rinse the plants\(both shoots and roots)
thorpughly under a flow of distilled or demineralized water. Thoroughly rinse the surface of the root mat

that
soil
pots

Depd
and

in sh
Alter
plant
throy
nor t

Put
then
samyj

was previously in contact with soil or soil material, to avoid significant contaminatio
articles (i.e. smaller than the pore diameter of polyamide mesh). Then remove the pla

nding on the scope of the investigation, two end points, i.e.frace elements concentrati

oots and roots are considered as end points, shoots have to be separated from root:
natively, if the flux of trace elements to plants is cénsidered as the unique end point
s can be kept intact (i.e. shoots and roots pooledZtogether). Seed husks should be r
vn out or pooled with roots for easiness provided they significantly modify neither {
he trace element stock in root compartment,

he plant samples (i.e. shoots, roots or shoots, and roots pooled together) in adequate
oven-dry at max. 50 °C. When steady, biomass is achieved (usually after ca. 3 d), remd

by <30 pm
nts from the

on in shoots

roots and/or uptake flux in the whole plant, can be determined. If trace element cofcentrations

by cutting.
of interest,
emoved and
he biomass,

containers,
ve the plant

les from the oven and weigh with-afi;accuracy of +1 mg for biomass determination. Then conserve

plant samples under dry conditions ifi their container until grinding.

To prevent any contamination, handle plant samples with laboratory gloves and separate shoots from
root$ with scissors made of zirconium oxide (5.7).

9.7 | Grinding and digestion of shoots and roots

Grindling step is only 1iécessary if a subsample is going to be digested. In that event, grind plant samples
(i.e. shoots and_r@ots individually or pooled together) with a grinder made of zirconium|oxide (5.8).
Alternatively,if‘digestion concerns the whole sample, cut the plant sample in small fragments with
scissprs made. of zirconium oxide blades (5.7).

Use an-adequate procedure to digest plant samples. The chosen procedure shall enable tq thoroughly
digestplant-tissuesincluding silicon-dioxide{i-e—phytoliths)and-ether peerlyselubleminerals. In case

concentration of volatile trace elements (e.g. arsenic or selenium) has to be determined, adapt the
procedure to avoid any loss of trace element by volatilisation during the digestion. An example of a
digestion procedure is provided in Annex D.1.

Insert several blank samples during the digestion and the analytical procedures (9.8) to check that no
contamination occurs and to account for background concentration of the matrix. Insert at least one
standard reference plant material(s) to check the accuracy of the digestion and the analytical procedures
(9.8). Select the adequate standard reference plant material(s) as regards to the list of trace elements
investigated and the expected ranges of concentration.
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9.8 Analytical determination

To determine the trace element concentration in plant samples, analyse the plant digests with a
sufficiently sensitive analytical method capable to determine concentrations in the ng to mg g-1 (dry
biomass) region. Use atomic absorption methods described in ISO 11047 and ISO 20280, inductively
coupled plasma atomic emission spectrometry described in ISO 22036,or inductively coupled plasma
mass spectrometry described in ISO 17294-2, or any other relevant technique. An example of the usual
range of trace element concentration in the plant digests of a biotest experiment is given in Annex D.2.

10 Validity criteria

Meet all the

— Thesee
period.

— The seq
plant pq

— The se¢
period.

— Thesho
dessicaf
culture

— The shd
the end

— The filt4
— The soil

following performance criteria during the test, otherwise discard the related plant pot.

s germinate homogeneously and do not exhibit mould during the first week of theprecullture

dlings exhibit a healthy root mat that covers the whole surface area gof‘the bottom df the

t at the end of the preculture period.

dlings exhibit homogeneous biomasses for a given species at¢the end of the preculture
pts do not exhibit pest, disease, nutritional disorders, or phytotoxic symptoms (e.g. chlofosis,
ion, etiolation, scorching, necrosis, staining, or wilting) during the preculture and thg¢ test
periods.

ot and root biomasses significantly increase betWeen the end of the preculture period and
of the test culture period (12.2).

br paper wicks are still fully moistened and-are not torn at the end of the test culture pegriod.
layer are still fully moistened at the\énd of the test culture period.

— The contact between the plant pot and thessoil layer is maintained under steady pressure during the

test cult

11 Assess

11.1 Detel

Following tH

pot at the ¢
Formula (2)

ure period.

ment of the results

‘mination of trace element concentrations and uptake flux in plants

szcd

where

Va7 mg

e measurement of trace element concentration in plant digests, determine the trace element
concentratign in the{plant sample (i. e. shoots and roots individually or pooled together) of each plant

nd of the preculture period (control plant pots) and the test culture period accordipg to

(2)

Cp  isthe trace element concentration in the plant sample, in micrograms per gram, pug g-1 (dry biomass);

Cq isthe trace element concentration in the plant digest, in micrograms per cubic decimetre, pg dm-3;

Vq  isthe volume of the plant digest, in cubic decimetres, dm3;

mq is the dry mass of ground plant sample used for digestion, in grams, g.

14

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=7791641c70cdd13140f46b86a87219fe

ISO 16198:2015(E)

The flux of trace element taken up in plants during the test culture period can be calculated according
to Formulae (3) and (4) if shoots and roots are treated separately or Formula (5) if shoots and roots are
pooled together:

F, =Q, /(Axt) (3)

Qp = [(Cf,s Xmg g — Cc,s X mc,s) + (Cf,r X mg _CC.I' XmC;F)] x1000 (4)
or

Qp = (Cf‘p xmg, —Ce X mc'p) x 1000 (5
where

Fp isthe flux of trace element to the plants during the test culture period, in nanogrgms per
square meter per second (ng m-2 s-1);

Qp is the quantity of trace element accumulated by plants during the test culture perjod, in
nanograms (ng);

4 isthe surface area of the root mat in contact with soil which is equal to 12,6 cmZ, jn square
meters (m?2);

i is the duration of the test culture period (which is equal to 8 days), in seconds (s);

{ts isthe trace element concentration in shoots at the end of the test culture period, ih micro-
grams per gram (ug g-1) (dry biomass};

mes is the dry biomass of shoots at the end of the test culture period, in grams (g);

(cs isthe mean trace element concentration in shoots of control plant pots at the end of the pre
culture period, in micrograms per gram (ug g-1) (dry biomass);

Mc,s is the mean dry bighass of shoots of control plant pots at the end of the preculturge period, in
grams (g);

{rr is the trace €lément concentration in roots at the end of the test culture period, injmicro-
grams pef gram (ug g-1) (dry biomass);

mer is thexdry biomass of roots at the end of the test culture period, in grams (g);

(. r . ithe mean trace element concentration in roots of control plant pots at the end of the pre-
culture period, in micrograms per gram (ug g-1) (dry biomass);

mcr is the mean dry biomass of roots of control plant pots at the end of the preculture period, in
grams (g);

Crp is the trace element concentration in the plant (shoots and roots) at the end of the test culture
period, in micrograms per gram (pug g-1) (dry biomass);

mgp is the dry biomass of plants (shoots and roots) at the end of the test culture period, in grams

(8);
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Ccp isthe mean trace element concentration in the plants (shoots and roots) of control plant pots

att

he end of the pre culture period, in micrograms per gram (ug g-1) (dry biomass);

mcp is the mean dry biomass of the plants (shoots and roots) of control plant pots at the end of the
preculture period, in grams (g).

11.2 Data

presentation

Present the data per replicate in tabular form, recording the biomasses (shoots and roots individually
or pooled together), the quantity of trace elements accumulated in the whole plants (shoots + roots),

the concent

flux

of trace elen
the end of th

11.3 Exprq

The data sh|
of biomass

side-by-side]
When shoot

biomasses apove the x-axis and the root biomasses below the x-axis.

The mean v4
standard de
including th
shoot conce

The mean Y
presented a
species. A si

The results

12 Statistical analysis

12.1 Gene

Significant ¢
ex situ trea
assessed w
comparison

it consequently assumes that data are normally distributed, that the treatments are independent

that the var
data satisfyj

ration of trace elements in shoots and roots if determined inr]ivirhm]]y and the npfql(c

nents in plants for plant pots harvested at the end of the preculture period (controlj-a
e test culture period. Insert the results of statistical analysis in each table (see Clause

pssion of the results

ould be also presented in graphical form, for example as a bar chart'ef the mean v
i.e. shoots and roots individually or pooled together) including standard deviation. D
the results for a given species including control plant pots and ‘€ach soil material te
5 and roots were handled separately, a single graphic should be presented by depicting {

lues of trace element concentrations in shoots and roots (if measured individually) incly

e different plant species. A single graphic per trace element should be presented by depi
htrations above the x-axis and root concentration$'below the x-axis.

ralues of trace element uptake fluxes in.plants including standard deviation shou
s bar charts. Depict side-by-side the results for a given soil including the different
Ingle graphic per trace element should be-presented.

bf statistical analysis (12) should be'inserted in each figure.

ral

lifferences in thé-bioavailability of each trace element between several field-collected

th an adeguate statistical test (e.g. analysis of variance (ANOVA), involving mu
5 of endpoint data, P < 0,05). If the statistical approach is based on parametric anal

ianCe is homogenous among the different treatments. First, test these assumptions.

nd at
12).

hlues
epict
sted.
hoot

1ding

viation should be presented as bar charts. Depict side-by-side the results for a given soil

cting

d be
plant

s5oils,

fments of soils\(e.g. addition of organic wastes) or different plant species are comnjonly

tiple
yses,
and
f the
psted

theése assumptions, analysis may proceed. If not, data may be transformed and t§

again. As parametric tests are reasonably robust in the face of moderate deviations from normality and
equality of variance, proceed with parametric analysis, even if moderate nonconformity continues after
transformation. Otherwise, if large nonconformity continues after transformation, use non parametric
methods to perform analysis.

12.2 Plant biomasses

The validity of the biotest notably depends on a significant increase in shoot and root biomasses between
the end of the preculture period and the end of the test culture period. Test the significance of this
increase in biomass for each plant species.

The biotest is designed to avoid any phytotoxic effect, thereby enabling a fair comparison of the effect of
the different treatments on trace element bioavailability. Test for each plant species the occurrence of a
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significant difference in shoot and root biomasses between the different soils or soil treatments at the
end of the test culture period.

12.3 Bioavailability end points

If shoots and roots were treated individually, test for each plant species and trace element the occurrence
of a significant difference in trace element concentration in each plant compartment between the
different soils or soil treatments at the end of the test culture period.

Regardless whether shoots and roots were treated individually or pooled together, calculate the
uptake flux of trace elements in plants (11.1). The quality of flux calculation is strongly related to the

hom¢pgeneity of biomasses and trace element concentrations in control plants harvested att
prechlture period. If the determination of biomass is hardly an issue, the determination of t1
concentration is more prone to analytical artefacts and more particularly to sample’ cor
If, in[spite of particular cautions taken during this analytical step, sample contamination
in cqntrol plants, a Grubbs’ test (i.e. extreme Studentised Deviate Test) should:be perfot
tracq element quantity accumulated in the five replicates of plant pots to detectoutliers. Cor
guidance to the Grubbs’ test is given in Reference [22]. Report any deletioen of replicate cd
outlipr in the test report with adequate justifications (see Clause 13). Onceflux calculation i
satis

13 Testreport

The test report shall include the following informatien:

a)
b)

f)

g)

a reference to this International Standard (i.e»ISO 16198);

information about the test plant species{Linnaean classification, cultivar, and source);

he end of the
ace element
tamination.
s suspected
med on the
nprehensive
nsidered as
s performed

factorily, test for each plant species and trace element the occurrence of a significant difference in
tracq element uptake flux in plants between the different soils or s6il treatments at the en
cultyre period.

d of the test

escription of the biotest apparatus,-€specially if it differs from that introduced in Table 1

escription of the climatic conditions monitored in the growth chamber (7.4);
escription of the test soils.and the soil treatments:
1) sampling protocol and location;

1) protocol usedfor the addition ex situ of any material (e.g. organic wastes) to the test
starting the.experimental procedure;

3) physical-chemical properties of soils and soil materials (8.2);

dble'to have affected the results, notably including the following:

soils before

occurrence

$escription of all operating details not specified in this International Standard and any

1) visual damage (photographs are acceptable);

2) values of biomass and trace element quantity in plants at the end of the preculture period (i.e.
control plant pots) that are outside the range depicted in Annex E (presentation of the data and

explanatory statement necessary);

presentation of the experimental data, expression of the results and description of the statistical

analysis:
1) tables (11.2);
2) figures (11.3);
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3) statistical methods used for the analysis of biomass (12.2) and bioavailability end points (12.3);

h) discussion of the results.
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Plant species adapted to the biotest procedure

A range of plant species has been grown with this biotest but with experimental procedures more or
less altered in comparison with the experimental procedure depicted in this International Standard.

Table A.1 — Plant species adapted to the biotest procedure
Spedies Cultivars | Trace elements Experimental Observations Suitability® | Ref.
procedurea
[21]
As, Cd, Cu, Pb, Zn 2
Brasfica Duo Cu Shoots ar€fragile . (23]
napus Goéland when manipulating [24]
137Cs, 63Ni 4 *
(28]
Brasgica oler- Castelard | As, Cd, Cu, Pb, Zn 1 o+ [21]
acea
Bromus mollis| Samson 137Cs 4 ++ [25]
Z?Sa ca arun- Calina As, Cd, Cu, Pb, Zn 1 ++ [21]
inageac
[24]
Festyca ovina | Spartan 137Cs, 63Ni 4 ++
[25]
Festyca rubra| Bastide 63Nj 4 ++ [24]
Campanile | As, Cd, Cu, Rb) Zn 2 [21]
Holrdeum Root mat too thick +
vulggre Vertige 137Cs 4 [25]
Lactyea Carmen | Ag, ¢d, Cu, Pb, Zn 2 Shoots are fragile [21]
sativgg capt- ; when manipulatin *
tata Sucrine 137Cs 4 p g [25]
[21]
Oustal As, Cd, Cu, Pb, Zn 2
Lolium perene ++ [24]
Aubisque 137Cs, 63Ni 4
[25]
a  Difference with the standardized experimental procedure:
— Ekp=Proc. 1: Fully similar;
— ExprProc-2-Soittayerthickmessof tmmmto 2 mmr (e 3 gdry soiamd stightty different biotestapparatus;

— Exp. Proc. 3: Three-week preculture period, soil layer thickness of 1-2 mm (i.e. 3 g dry soil) and slightly different biotest
apparatus;

— Exp. Proc. 4: Sixteen-day preculture period, 7 d test culture period, soil layer thickness of 3 mm and slightly different
biotest apparatus;

— Exp. Proc. 5: Four-week preculture period (2 weeks in nutrient gel, then 2 weeks in hydroponics), soil layer thickness of
1 mm (i.e. 2 g dry soil) and slightly different biotest apparatus.

b Adaptation to the biotest procedure and apparatus.

¢ The three species selected in the standardized procedure.

d  Three genotypes were used, either neutrally or genetically transformed (see Reference [27] for rationale).
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Table A.1 (continued)
Species Cultivars | Trace elements Experimental Observations Suitability? | Ref.
procedurea
Fline As, Cd, Cu, Pb, Zn 1 [21]
Lycopersicon Saint Pierre Cu 3 ++ [26]
esculentume
Saint Pierre 137Cs 4 [25]
Medicago Prunelle |As, Cd, Cu, Pb, Zn 2 Difficulties with ger- [21]
sativa mination and growth +/-
Maya 137Cs 4 of the root system [25]
Nicotiana SR1 d 7n 5 ++ 7]
tabacum
Raphanus 63N Difficulties with shoot P
sativus Flamboyant Ni 4 and root growth fl24]
Sorghum . Problem of lodging
bicolour Arkanciel | As, Cd, Cu, Pb, Zn 2 and root mat too thick * 211
o 24
Trifolium Miskawi 137(s, 63Ni 4 ++ I
pratense [25]
Premio
A As, Cd, Cu, Pb, Zn 2 [l21]
iti ] roona
Triticum aes Cu Rootumat too thick + 28]
tivum Songlen
137Cs 4 [l25]
Tremie
Tr_‘ztlcum tur Acalou Cu 3 Root mat too thick + [[20]
gidum durum

a  Differenc
— Exp. Proc.
— Exp. Proc.

— Exp. Proc.
apparatus;

— Exp. Proc
biotest appar{

— Exp. Proc.
Imm(ie2g

b Adaptatiq
¢ The thred
d  Three gef

1: Fully similar;

tus;

e with the standardized experimental procedure:

n to the biotestprocedure and apparatus.

species selected in the standardized procedure.

2: Soil layer thickness of 1 mm to 2 mm-~(1e: 3 g dry soil) and slightly different biotest apparatus;
3: Three-week preculture period, soil layer thickness of 1-2 mm (i.e. 3 g dry soil) and slightly different b

5: Four-week precultuteperiod (2 weeks in nutrient gel, then 2 weeks in hydroponics), soil layer thickn
Hry soil) and slightly different biotest apparatus.

otypesaere used, either neutrally or genetically transformed (see Reference [27] for rationale).

otest

4: Sixteen-day preculture peried, 7 d test culture period, soil layer thickness of 3 mm and slightly diffferent

bss of

20
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Annex B
(informative)

Technical drawings of the different components of the biotest

B.1 Plant-receiving pot

Dimensieiis Jn millimetres
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Figure B.1 == Component 1: Cylinder

Dimensions in millimetres
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Figure B.2 — Component 2: Upper plate
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B.2 Preculture period

22

Dimensions in millimetres
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Figure B.3 — Component3<Tank
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Figure B.4 — Component 4: Perforated floating platform
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B.3 Test culture period

Dimensions in millimetres

53

Figure B.5 — Component-5: Screwtop jar (only screwtop depicted)

Dimensions in millimetres
@5,5 4 x 45°

T =
9405 6

53

66

Figure B.6 — Component 6: Soil-receiving plate
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Seed selection and seed density in plant pot for a range of species
tested with the standardized experimental procedure

When the mass—ef-a—se iy :

(i.e. 210 mg), a set of ca. 100 seeds are weighted one by one to draw a frequency chart and to se
mass range for acceptable seeds (see e.g. Figure C.1). Accordingly, the required number of se€ds can be
selected by eight.

Y nw-o U+ o
18

16
14

12 1 N\

10

2 N
~ ~

p—

0 II_I-’I‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\I‘I

30 35 40 45 50 55 60 65 70 75 80
X

Key

L=>57mg; o F 8 mg; n =250
X frequency,Aumber of seeds
Y seed individual mass, mg

———— |ekperimental data

- Gauss curve

Figure C.1 — Distribution of the mass of durum wheat (cv. Acalou) seeds

Acceptable seeds for biotest deployment can be selected in the interval (i - o; p + o) for example.

For seeds <10 mg per seed that cannot be manipulated and weighed one by one accurately, the
specified number of seeds per plant pot integrate a significant part of the inherent mass variability
(Table C.1). A seed counter can be used for easiness. Alternatively, primarily determine the mass of
seeds that corresponds to the specified number of seeds per plant pot for each species. Then weigh the
corresponding mass of seeds and put it in plant pots.
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In any case, if the dimensions of the plant pot are modified in such way that the bottom section area
changes, the number or mass of seeds shall be changed proportionally.

Table C.1 — Seed density per plant pot

Speciesa Cultivars Seed number per plant pot

Brassica napus Duo 25
Brassica oleracea Castelard 50
Festuca arundinacea Calina 80
Herdewmitgere Campatie 5
Lactuca sativa capitata Carmen 50
Lolium perenne Oustal 40
Lycopersicon esculentum Fline 40
Medicago sativa Prunelle 60
Sorghum bicolour Arkanciel 5
Triticum aestivum Premio 2

a  Seed density has been tested with an experimental procedure analog to that of this

International Standard, i.e. with a 2-week preculture period,[24]
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Annex D
(informative)

Digestion and analysis of plant samples

D.1 Example of procedure for the digestion of plant samples

The fOllOWiIllg digestion procedure was used during the different validation steps of the standar(llized

biotest and
determinati
during this
volatile trac
concentrati

Step 1: Wei
introduce tH

Step 2: Afte
6 mol-dm-3

before filter
the filter ov

Step 3: Putf
the residual
HF on the as
silica dioxid

Step 4: Add
finally rinsq
volume with

D.2 Rang

Trace eleme
samples haf
culture peri

Tal

is suitable for the digestion of a broad range of plant samples as well as for the‘analy
pn of Cd, Co, Cr, Cu, Ni, Pb, and Zn at least. Small but significant volatilisation af-As can ¢
digestion procedure. Consequently, the method only gives an estimation fot As and
e elements. Choose an alternative digestion procedure for an accurate détermination ¢
n of volatile trace elements.

bh 500 mg of plant sample previously oven-dried and ground (or.eut in small pieces]
e sample in a platinum cup. Burn off the sample in an oven at 500 °C for 2 h.

I cooling, moisten the ashes with a few drops of ultra-purewater (18,2 M -cm), add 2
HCI, then boil on a hot plate until evaporation. Add 2 ml of 6 mol-dm-3 HCI and wait 1(
ing using an ashless filter paper into a 50 ml volumetrigflask. Wash the digestion resid
er the volumetric flask with ca. 25 ml of warm ultra-pure water.

he filter-containing residue in a platinum cup.and burn off it at 500 °C for 30 min to rel
organic matter and the filter. Add a few drops of ultra-pure water and 2 ml of concent
hes and boil the solution on a hot plate until evaporation. This step enables the remoy
e by dissolution and SiFg volatilisation:

1 ml of 6 mol dm-3 HCI to the residug, filtrate the solution using an ashless filter pape
the filter with ultra-pure water-over the volumetric flask used in the step 2. Bring
ultra-pure water. The plant digest is then ready for analytical determination.

e of trace element concentrations in plant digests

ht concentrationsih plant digests were determined during the ring-test experiment on
vested at the‘end of the preculture period (control plant pots) and at the end of the
pd. Details.about the experimental procedure of the ring test are provided in Annex E.]

ble D,.1I°— Trace element concentrations in plant digests (ug-g-1 dry biomass)

rtical
ccur
bther
f the

and

m] of
min
le on

move
rated
Fal of

- and
Ip to

plant
test

Speq

ies As Ccd Co Cr Cu Ni Pb Z

n

Brassica oler
cea

Shoots | 0,007 to 0ato 212

0,3

0,02to61 | 0,02to

1,5

0,2 to
13,4

2,2 to
33,2

0,4to 11
a-

18 to 348

0,09to 29| 0,01to 37 to 512 43

275

0,14 to
21,8

1,6 to 21 2to57 0ato

10 100

Roots

1336

to

Festuca arun
dinacea

Shoots | 0,003 to 0ato 141

0,4

0,01to30| 0,01to

1,6

0,19 to
4,5

2,8to22 | 0,45to

14,3

11,5to
247

0,015 to 32

288

1,5to
15,6

7 to 345 0ato

7608

Roots 0,04 to 20 0,1to9 2,1to0 96

2060

to

a

Some of the lowest Pb concentrations measured in plant digests were smaller than the mean Pb concentration in blanks.
Lead concentration was therefore considered equal to zero in these samples.
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Species As Cd Co Cr Cu Ni Pb Zn
Shoots | 0,001to | 0,004to | 0,009to | 0,15 to 0,65 to 0,17to |0ato651| 2,5to
Lycopersicon 1,2 38 1,2 11,3 17,6 22 280
esculentum Roots 0,15 to 0,05 to 0,13to | 1,4to22| 9,2to 2,4 to 0ato 5to
21,7 500 20 367 105 9 885 2270

a  Some of the lowest Pb concentrations measured in plant digests were smaller than the mean Pb concentration in blanks.
Lead concentration was therefore considered equal to zero in these samples.
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Annex E
(informative)

Range of biomasses and trace element quantities in control plant
pots

experiment s harvested at the end of the preculture period (i. e. control plant pots). Detailsgbout

the experi

the apparatfis described in the present standard (7.2 and Annex B). Modifications of some-compomnents
in size can ipfluence the measurements.

Table E.1 — Range of biomasses in control plant pots

Range of biomasses in conttol plant pots
Specief, number (n) of samples mg
Shoots Roots Whole plantp
Brassica oldracea, n = 35 69 to 441 16to 112 120 to 553
Festuca arundinacea, n = 40 56 to 214 32 to 207 137 to 403
Lycopersicqn esculentum, n = 40 79 to 558 14 to 106 120 to 639

Table E.p — Range of trace element quantities accumulated in control plant pots (shoots|+
roots). The number of data poinbis detailed between brackets

Trace element
Species Hg
As Cd Co Cr Cu Ni Pb Zn
0,00%7.to 0,03 to 3,5to 0,5 to 9,84 to
Brassica olern. | 0,01t 0,09 Sors 0as” [0st010| 550 | 0P80 Jooztos,se| Y
cea
(33) 31) 27) (34) 35 | 395 (29) 29)
0,004to | 0,02to | 048to | 20to | 05t0 | 002to | 6 to
Festuca arundi- | 0,006 t0 0,069 7 374 013 0,95 8,3 17 12,12 247
nacea (35)
(34) (34) (34) 35 | 395 (28) 35)
0,02 to 2,5to 0,4 to 9,4 to
Lyw;,ers,-con 001t00,11 | 00110043 | "2 ° 05t011| 22 450 0020903 14
esculentum
(36) (38) (35) (B8 | 35 | @7 (34) &D
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Annex F
(informative)

Ring-test

Material and methodology of the ring-test experiment

A ri1|\g—test was carried out from February to May 2012 and involved the participat

laboi
Fran
plant
Expd
(vii)
natu
carry
and

recelil
test 4

The 1
grow
four
for 9
(Tabl
Cu, B
Soil

repe
soil d
in th
atmgd

Tab

atories among which, six had never used the biotest before: (i) CIRAD, UPR Reeycla
ce; (ii) INERIS, France; (iii) INRA, UMR Eco&Sols, France; (iv) Institute for @cologicq

analysis and stored product protection, Germany; (v) Eurofins IPL Est,l-aboratoir
rtises, Unité Ecotoxicologie, France; (vi) Free university of Bolzano, University of
University of Liege-Gembloux Agro-Bio Tech, Unité de Science du sol,.Belgium; (viii) {
ral resources and life sciences, Rhizosphere Ecology and Biogeochemistry Group, Au
ing out the ring-test experiment, each laboratory took a 3-daydraining course on thg
practical aspects of the biotest apparatus and experimental(procedure. Then, eacl
ved the same biotest apparatus along with seeds and soil satnples necessary to perfo
pxperiment.

ing-test experiment, performed independently and cencomitantly by each laboratory;,
ing the three recommended plant species, namely B; oleracea, F. arundinacea, and L. es
different soil samples as described in ISO 16198.The four-soil samples exhibit a fairly]
everal physical-chemical properties and substantial contaminations in several tra
e F.1). Soil 1 was collected in the upper layerof a calcareous, agricultural soil contaming
b, and Zn by the repetitive application of,wastewater from Paris (France) during sevg
P was collected in the upper layer of a“mildly acidic vineyard soil contaminated wit
fitive application of Cu fungicides.Soil 3 was collected in the upper layer of an acidic
ontaminated with Cd, Pb, and Znd by atmospheric fallouts from a smelting plant. Soil 4 w
e upper layer of soil highly eontaminated with As, Cd, Cr, Cu, Ni, Zn, and Pb more paj
spheric fallouts from a battery recycling plant.

e F.1 — Main physical-chemical properties of soil samples used in the ring-test ¢

on of eight
be et risque,
| chemistry,
bs Etudes et
Jdine, Italy;
Iniversity of
ttria. Before
theoretical
laboratory
rm the ring-

consisted in
fulentum, on
large range
ce elements
ted with Cd,
ral decades.
h Cu by the
agricultural
ras collected
ticularly by

xperiment

Sand | Silt ~Clay | pH | CaCO3 | Corg | As Cd Cr Cu Ni

Zn

Soil

740 | 402v| 158 | 7,7 66 13 14 1,7 90 98 32

432

Soil

5611322 | 117 | 6,2 n.d. 13 24 0,5 33 453 14

74

Soil

1
2
3| &50°|337| 113 |59 n.d. 25 10 4,2 38 24 12

429

Soil

4-|\527 | 311 | 162 | 6,7 6 41 203 100 109 | 388 | 131 |131

1172

Sand,

pH: p
CaCo

Corg:

Siit, Chay: Concentrations of sand, siitand ciay In Soils, g Kg T (dTy Mass), according to AF NOR NF 31=10
H measured in H20, according to ISO 10390.
3: Total carbonate concentration, g kg-1 (dry mass), according to ISO 10693.

Total organic carbon concentration, g kg-1 (dry mass), according to ISO 10694.

As, Cd, Cr, Cu, Ni, Pb, Zn: Total concentration of As, Cd, Cr, Cu, Ni, Pb, and Zn in soils, mg kg-1 (dry mass), according to
ISO 14869-1.

n.d.: Not determined.

During the ring-test experiment, a growing accident occurred in one laboratory, which was subsequently
not able to provide the samples for B. oleracea. Consequently, the interlaboratory comparison was
performed on seven laboratories for B. oleracea and on eight laboratories for F. arundinacea and
L. esculentum.
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Each laboratory oven-dried the plant samples (shoots and roots separately) by themselves before

sending the
digestion of
subsequentl

samples to the CIRAD at Montpellier (France) for performing biomass determination and
plant samples according to Annex D. Trace element concentrations in plant digests were
y determined by ICP-MS.

F.2 Ring-testresults and interpretation

Asshootsan

drootswere harvested distinctly, the statistical analyses of repeatability and reproducibility

were performed on shoot concentrations, root concentrations and uptake fluxes determined according

to Formulae

(2) and (3) (see 11.1). The general mean, X, as well as the repeatability and reproducibility

variances, {-

species, soil

Over the 3
5%, 10 %, 3
percentage
roots. In add
These result
few and not

The mean cd
between 22
of variation
measureme
digests wer}¢

Finally, the
fluxes of thd
the soils in
This result ¢
between the

+ and sk, were computed according to ISO 5725-2 for each level, i.e. each triplet of plant

and trace element. All the data are summarized in Tables F.2 to F.10.

h80 values obtained for each bioavailability end point, the percentage of outliers redches
nd 10 % for uptake fluxes, shoot concentrations and root concentrations, respectively} The
pf outliers is twice lower for the uptake fluxes than for the concentrations in shoot§ and
lition, these outliers are not strictly related to a particular laboratory;soil or trace element.
s concomitantly indicate that the repeatability and the reproducibility are rather good|with
recurrent outliers.

efficients of variation for shoot concentrations, root concentrations, and uptake fluxes ffange
% to 32 % for repeatability and 47 % to 61 % for reprodueibility. The highest coeffidients
were mainly observed for only one trace element, namely Pb. The higher variability pf Pb
hts is likely related to an analytical issue as some ofthe lowest Pb concentrations in plant
e lower than those in blanks (Annex D.2).

lassification of the four soils was determinedfor each laboratory by integrating the uptake
eight trace elements in the three species (résults not shown). Seven laboratories clasgified
the same order: soil 4 > soil 3 > soil 1 >soil 2. One laboratory inverted the soils 1 ahd 2.
exemplifies the ability of the biotest.to discriminate trace element bioavailability to plants
different soils tested.

Table F.2 — Repeatability and reproducibility of trace element concentration in the shoots of
Brassica oleracea

Element 1 n ng Nop X Sr Cyr SR Cyr

Soil 1
As 7 35 * 0,12 0,04 37 0,06 50
Cd 6 35 5 14 0,5 0,1 19 0,3 6B
Co 5 35 10 29 0,06 0,02 32 0,02 49
Cr 6 35 5 14 0,5 0,1 21 0,2 36
Cu 7 35 8;6 26 33 356 45
Ni 7 35 1,3 0,5 34 0,8 61
Pb 6 35 5 14 19 0,9 44 2,1 109
Zn 6 35 5 14 36 4 11 8 22

Soil 2
As 7 35 0,04 0,01 28 0,03 61
Cd 6 35 5 14 0,14 0,03 23 0,05 35
Co 6 35 5 14 0,4 0,2 52 0,2 62
Cr 6 35 5 14 0,47 0,09 20 0,13 27
Cu 7 35 23 3 14 8 33
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Element 1 n ne Nop X Sr Cyr SR Cyr
Ni 5 35 10 29 1,0 0,2 19 0,2 22
Pb 6 35 5 14 1,0 0,7 71 1,0 97
Zn 7 35 44 7 17 18 42

Soil 3
As 6 35 5 14 0,04 0,01 25 0,02 49

7 35 21 03 15 0.7 34

o 6 35 5 14 0,8 0,1 16 0,4 49
dr 6 35 5 14 0,7 0,2 22 0,6 81
Cu 7 35 51 1,1 22 2,3 45
Ni 6 35 5 14 1,0 0,2 23 0,6 58
Pb 7 35 1,1 1,3 114 1,4 129
Zn 7 35 243 28 11 72 30

Soil
As 7 35 0,06 0,02 66 0,05 88
Cd 6 35 14 40 6 14 10 24
Co 6 35 5 14 0,28 0,05 18 0,07 24
dr 7 35 0,7 0,2 23 0,5 71
Cu 6 35 5 14 8 2 19 2 21
Ni 7 35 7 1 20 2 25
Pb 7 35 111 40 36 56 50
Zn 7 35 100 17 18 25 25

1 number of laboratories after elimination of outliers

n number of single analysis data before elimination of outliers

no number of outliers

Nop percentage of outliéry

X general mean yalig, in micrograms per gram (pg-g-1)

Sr standard dewiation of the repeatability, in micrograms per gram (pug-g-1)

Cyr variatien/coefficient of the repeatability, in percent (%)

SR stafidard deviation of the reproducibility, in micrograms per gram (pg-g-1)

Cyr variation coefficient of the reproducibility, in percent (%)

*

Table F.3 — Repeatability and reproducibility of trace element concentration in the roots of

Brassica oleracea

Element 1 n ne Nop X Sr Cyr SR Cvr
Soil 1
As 7 35 * 5 1 23 1 27
cd 6 35 5 14 1,4 0,3 19 0,7 51
Co 6 35 14 0,8 0,2 22 0,2 22
Cr 7 35 9 3 39 3 40

© ISO 2015 - All rights reserved
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Table F.3 (continued)

Element 1 n no Nop X Sr Cyr SR Cvr
Cu 7 35 117 38 32 58 49
Ni 7 35 7 2 29 2 32
Pb 7 35 31 11 36 20 65
Zn 7 35 112 26 24 32 29

Soil 2
As N 35 10 29 ')’7 n’f. 17 ﬂ,|: 1
cd 6 35 5 | 14 0,56 0,08 15 018 | 13}
Co 7 35 4 2 40 3 Y sp
cr 6 35 5 | 14 4,2 08 19 1890 | 4B
Cu 6 35 14 237 32 13 @1 3h
Ni 7 35 6 1 19 |y 2 3p
Pb 7 35 14 7 46 7 48
Zn 7 35 83 21 26" 26 3p

Soil 3 o)
As 7 35 3,0 05 ~f 15 1,5 4h
cd 7 35 12 2607 | 19 5 4f)
Co 7 35 9 o 17 5 5h
Cr 7 35 8 1 18 2B
Cu 5 35 | 10 | 29 255 A et 24 383 150
Ni 7 35 5,749 08 14 31 5h
Pb 7 35 R 9 32 11 4D
Zn 7 35 e 110 15 256 3

Soil 4 R
As 7 35 > 11 4 39 6 55
cd 6 35 5 () 14 156 32 21 52 3B
Co 6 35 |57 | 14 3,4 0,5 14 09 2p
cr 7 35 D 6 2 M 3 5
Cu 6 | 35~ 14 101 15 15 22 2p
Ni 6 |<N35 14 41 6 15 9 21
Pb 74N 35 6805 1538 23 2150 3p

2
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Element 1 n ne Nop X Sr Cyr SR Cyr
Zn 6 35 5 14 386 48 12 72 19

1 number of laboratories after elimination of outliers

n number of single analysis data before elimination of outliers

no number of outliers

Nop percentage of outliers

X seneralmean-valueR-ricroaramsper-gram-{pea=1)

Sr standard deviation of the repeatability, in micrograms per gram (ug-g-1) ?\%

Cyr variation coefficient of the repeatability, in percent (%) (],Q

SR standard deviation of the reproducibility, in micrograms per gram (pg-g-1) qcb )

Cyr variation coefficient of the reproducibility, in percent (%) ,\Q)'\

* empty cell means value equal to zero ,-O

\7
Table F.4 — Repeatability and reproducibility of trace ele t uptake fluxes in Brassica
oleracea
2

Elermhent 1 n ne Nop X ) \\\%, Cyr SR Cvr

Soil [t 2
As 6 35 5 | 14 09 5 o2 27 04 M
ad 7 35 * 06 01 21 0,2 39
do 5 35 10 29 A ,\16 0,06 35 0,08 49
dr 7 35 S 15 09 61 1,2 75
Cu 7 35 AN 14 5 36 8 57
Ni 7 35 o 1,5 0,6 43 0,8 57
Pb 5 35 (\s\ 5 2 39 5 95
Zn 7 35 |O 32 12 37 17 52

Soil 2 R
As 7 |, G5 0,6 0,2 36 0,2 42
Cd 6 ~<2y35 5 14 0,14 0,04 26 0,06 39
@ | 2] 35 1,1 0,5 43 0,8 70
ar oo 35 0,5 0,3 52 0,3 64
duet 6 35 5 | 14 41 6 16 11 27
NT 6 35 5 14 11 0,4 31 0,5 47
Pb 5 35 2 1 71 2 104
Zn 7 35 26 8 32 11 43

Soil 3
As 5 35 5 14 0,59 0,08 14 0,10 17
Cd 7 35 3,6 0,4 11 09 26
Co 7 35 2,1 0,5 23 1,0 47
Cr 7 35 1,1 0,4 32 0,6 52
Cu 6 35 5 14 7 2 26 4 59
Ni 7 35 1,1 0,3 25 0,4 36
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Table F.4 (continued)
Element 1 n no Nop X Sr Cyr SR Cvr
Pb 5 35 4 2 48 4 114
Zn 7 35 305 43 14 99 32
Soil 4
As 35 2 43 2 64
cd 6 35 5 14 60 9 15 20 32
Co 7z 35 09 02 17 0.3 3
Cr 7 35 0,8 0,4 55 0,5 68
Cu 7 35 16 3 21 6 4P
Ni 6 35 5 14 13 2 15 5 35
Pb 5 35 1178 331 28 1040 88
Zn 6 35 5 14 127 18 14 45 35
1 number of laboratories after elimination of outliers
n number of single analysis data before elimination of outliers
No numpber of outliers
Nop perdentage of outliers
X gengral mean value, in nanograms per square meter per second{ng-m-2-s-1)
Sr standard deviation of the repeatability, in nanograms peirsquare meter per second (ng-m-2-s-1)
Cyr variption coefficient of the repeatability, in percent (%)
SR standard deviation of the reproducibility, in nanograms per square meter per second (ng-m-2-s-1)
Cyr variption coefficient of the reproducibility, in percent (%)
* emplty cell means value equal to zero
Table F.5 — Repeatability and reproducibility of trace element concentration in the shoots of
Festuca arundinacea
Element 1 n ne Nop X Sr Cyr SR Cyr
Soil 1
As 8 40 * 0,13 0,03 22 0,03 26
Ccd 8 20 0,3 0,1 30 0,2 58
Co 7 40 5 13 0,05 0,02 33 0,02 49
Cr 8 40 09 0,2 20 0,5 59
Cu 7 40 5 13 10,2 0,6 6 34 3
Ni 6 40 10 25 1,6 0,2 12 09 57
Pb 7 40 5 13 1,2 1,1 95 1,4 118
Zn 8 40 60 6 9 22 37
Soil 2
As 6 40 10 25 0,07 0,01 18 0,03 42
Cd 6 40 10 25 0,2 0,1 41 0,1 62
Co 6 40 10 25 0,4 0,1 35 0,2 51
Cr 6 40 10 25 1,0 0,2 21 0,7 64
Cu 7 40 5 13 13 1 10 5 35
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Table F.5 (continued)

Element 1 n ne Nop X Sr Cyr SR Cyr
Ni 8 40 19 0,6 30 1,3 65
Pb 5 40 15 38 0,8 0,4 52 0,5 61
Zn 8 40 49 12 25 25 51

Soil 3
As 6 40 10 25 0,07 0,01 17 0,02 33

8 40 12 02 15 07 57

o 8 40 0,7 0,2 27 0,4 58
dr 8 40 09 0,2 17 0,5 57
Cu 7 40 5 13 9 1 12 3 40
Ni 8 40 1,5 0,3 18 0,8 53
Pb 6 40 5 13 1,4 2,1 153 2,3 169
Zn 8 40 161 19 12 57 35

Soil #t
As 7 40 5 13 0,07 0,03 35 0,03 44
ad 7 40 13 14 1 9 5 34
o 6 40 10 25 0,23 0,03 14 0,11 46
dr 7 40 5 13 1,0 0,2 16 0,5 51
Cu 8 40 11,2 0,8 7 2,4 21
Ni 6 40 10 25 5,8 0,6 10 2,6 45
Pb 7 40 5 13 60 10 17 13 22
Zn 8 40 108 10 9 26 24

1 number of laboratories after elimination of outliers

n number of single analysis data before elimination of outliers

no number of outliers

Nop percentage of outliéry

X general mean yalig, in micrograms per gram (pg-g-1)

Sr standard dewiation of the repeatability, in micrograms per gram (pug-g-1)

Cyr variatien/coefficient of the repeatability, in percent (%)

SR stafidard deviation of the reproducibility, in micrograms per gram (pg-g-1)

Cyr variation coefficient of the reproducibility, in percent (%)

*

Table F.6 — Repeatability and reproducibility of trace element concentration in the roots of

Festuca arundinacea

Element 1 n ne Nop X Sr Cyr SR Cvr
Soil 1
As 8 40 * 2,5 0,6 22 0,7 26
Ccd 7 40 5 13 2,2 0,4 20 0,6 28
Co 8 40 0,5 0,2 29 0,2 34
Cr 8 40 8 2 26 2 32
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