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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

Among the more than 150 ISO standards on soil quality that have been developed, less than 40 address
living organisms, and among them only five address higher plants. This is despite the importance of

monitoring the adverse effects of soil quality on living organisms.

One of these five standards addresses genotoxicitylll, and four of them address emergence and/or
growth inhibition[2-2], It therefore appears that these International Standards are focused either on a
very specific effect (genotoxicity), or on effects great enough to induce developmental (and, therefore,

visible) phenotypes (emergence or growth inhibition of young seedlings) in soils sampled
Hengemere-sensttivefearher-bio-indteaters-ef-theadverse—effectseof poHutantsonplants

“Omega-3 index”, are needed.

The jassessment of soil contaminant effects by the Omega-3 index is based on.thé leg
composition of angiosperm species grown in sites of concern. The use of the Omega*3 inde>
to bg appropriate for highlighting the presence of metallic and organic contaminants (her
in the soils. With this aim, physical and chemical properties (pH, N/P/K confent) of soils sh
determined because plant fatty acid composition may vary as a function(ofj nutrient conter
may finfluence chemical compound bioavailability. It should be noted thabt this bio-indicatos
to bg more sensitive (i.e. responding to lower doses of contaminants)‘than the biometric pg
rate pf germination and biomasslel[14]. Hence, this makes it possibleto gain evidence of ady
of so}ls on plants that could not be highlighted by the rate of gerimihation or biomass. Additi
situ assessment purposes, it can be difficult to observe evident effects on the rate of germ
or bipmass of plants.

It shpuld be noted that from a practical point of view,‘eéspecially with plant species harvy
field)and in comparison with other bio-indicators, the’Omega-3 index presents several adv

— Tor fatty acid analysis, only 20 mg to 50 mg,of fresh leaf tissues per sample are needed
ils not destructive for plants, and there,is not a problem with getting enough tissues of
from a given area.

— $amples of plant tissues can be §tored in methanol for several days at room temperat
gnalyses.

— It is not necessary to find'aparticular species at a site, and that a priori any species (d
dmong the most representative) can be sampled (Clause 6).

The results of a ring test-performed by six individual laboratories to assess the reproducib
repegtability of the'method are shown in Annex A. The results obtained by the same inves
the spme sample@hd’the same measuring instrument over a short period of time are showr

in the field.
such as the

f fatty acid
k has proven
bicides, etc.)
ould also be
tl12] and pH
" has proved
rameters of
verse effects
bnally, for in
nation and/

ested in the
hntages.

. Hence, this
one species
ure prior to

ften chosen

ility and the
tigator with
in Annex B.
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Soil quality — Determination of the effects of pollutants on
soil flora — Leaf fatty acid composition of plants used to
assess soil quality

WARNING — Contaminated soils can contain unknown mixtures of toxic, mutagenic, or
0therw1se harmful chemlcals or 1nfect10us micro- organlsms Occupatlonal health risks can
i B-d 8 ava d a m a m h ls from the

This|document describes a method to compare the quality of soils by determining thie fatty acid
composition of the leaves of plant species grown in these soils.

This|method does not make it possible to determine an optimal (valde of the Omega-3 index and,
ther¢fore, cannot be used to determine the intrinsic quality of a soihfrom a specific area (regarded as
homggeneous). The method can only be used to compare the quality of soils between variopis areas.

Thismethod is applicable to:

— goils from contaminated sites;

— amended soils;

— goils after remediation;

— goil with waste products (e.g. slurry,.nanure, sludge or composts).

Alternatively, the quality of soils can’bg assessed by determining the Omega-3 index of Ldctuca sativa
seed|ings grown in these soils under controlled conditions (i.e. phytotronic chamber) and by comparing
thes¢ values to those obtained ffrem control soils (see Annex B).

2 Normative references

Therk are no normative references in this document.

3 Terms,definitions and abbreviated terms

3.1 | Ferms and definitions

For the purposes of this document, the following terms and definitions apply.
ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1.1
Omega-3 index
% C18:3/(%C18:0 + % C18:1 + % C18:2)

Note 1 to entry: The Omega-3 index has no unit.

© IS0 2019 - All rights reserved 1
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3.2 Abbreviated terms

For the purposes of this document, the following abbreviated term applies.

FAME(s)

Fatty Acid Methyl Ester(s); C16:0: palmitic acid methyl ester; C16:1: palmitoleic methyl
ester; C18:0: stearic acid methyl ester; C18:1: oleic acid methyl ester; C18:2: linoleic acid

methyl ester; C18:3: linolenic acid methyl ester.

4 Principle

The method[isused to assess the quality of soils by determining the fatty acid composition of the.lq
of angiospefm species (see Annex C and [9-14][18]) grown on these soils. After sampling leaf.tis
their fatty acid composition is determined. For this, transesterification is carried out on\the
tissues and [the fatty acid methyl esters obtained are analysed by gas chromatography. After ana
the % C18:3 / (% C18:0 + % C18:1 + % C18:2) ratio is calculated. The lower this ratig,'\the highe
adverse effécts on plants induced by soils is [6][9-14][18].

5 Apparptus and reagents

5.1 Apparatus

In addition {
5.1.1 Scis

5.1.2 Grag
mixture intd
of FAMEs.

5.1.3 Glad
tubes were
Tubes were

5.1.4 Syst

5.1.5 Ben
phase from

5.1.6 Gas

o the standard laboratory equipment, the following apparatus are required.
Kors to cut leaves.

luated glass pipette, to add sulfuric acid.{H,5S0,) to methanol, pipettes to dispens
glass culture tubes (1 ml/tube), and Pasteur pipettes for recovering hexane after extra

s culture tubes (e.g. 1,3 x 10 cm).with polytetrafluoroethylene seal screw caps. These cu
humbered on adhesive tape {and not directly on the glass, to prevent any risk of eraj
checked to ensure they weremnot chipped (in order to guarantee their leak-tight seal).

em (e.g. heating block))for heating the tubes to 80 °C.

chtop centrifuge-for centrifuging the tubes to 200 g to 300 g and separating the aqy
nexane.

chromatograph vials with inserts and screws caps with a polytetrafluoroethylene sep

aves
sues,
foliar
lysis,
r the

b the
ction

Iture

ing).

eous

fum.

5.1.7 Gas

chromatograph equipped with a Flame Ionisation Detector (FID) and a capillary colunj

n for

separating and quantifying methyl esters of fatty acids with 12 carbon atoms to 22 carbon atoms, and for
each aliphatic chain length to separate the saturated, mono-, di- and tri-unsaturated esters.

Note 1 Most of the time, the studies that led to the preparation of this document were carried out using a gas
chromatograph (Hewlett Packard 5890 series Il or Hewlett Packard 7890A) on a Carbowax 1,2 micron, 0,53 mm
diameter, 15 m long capillary column (Altech, Deerfield, IL., USA) or on a DB-WAX 1 micron, 0,53 mm diameter,
15 m long capillary column (Agilent, Santa Clara, CA., USA), helium being the carrier gasl).

1) This information is given for the convenience of users of this standard and does not constitute an endorsement
by ISO of these products.
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5.2 Reagents

5.2.1 Methanol (99 %) and sulfuric acid (H,S0,), components of the transesterification solution.

5.2.2 Distilled water and hexane (99 %) for extracting the FAMEs.

6 Sampling strategies

Because plant fatty acid composition can vary as a function of climatic conditions, the compared areas
shou . o T . o

resu
of the site are first prospected, and species to sample are ¢hgsen among the most rej
exanjples, common to all areas to the extent possible. One leaf\(or a piece of a leaf when whole leaves are
tool
spec
of co

Whe
the (
samyj
samy

Note|

only
leaf)

7

The
analy

N

q

q

ight). By using only one species, it is possible to serendipitously-sample a highly 1

3s the tramsesterification response involves obtaining fatty acid methyl esters fro

ba-3 index is an early indicator, its measurement is not relevant when a strong visu
1ly reduced biomass, high leaf chlorosis, etc.) is detected for plants having growmin o
etected in another area.

nding on the aim of the study, one or several angiosperm species can be sampled fro
ferest. For most of the studies, even if only one species can be used forythe assessme
a metallurgic landfill soil for example), it is recommended to use seyeral species (if pa

tive) species. In addition, the larger the number of species sanipled, the more repres|
ts will be of a “soil quality” for the overall phytocoenosis. Hence, in this case, the v

rge to be entirely immerged in 1 ml of methanol/H,SQy;see 8.2) from four to eight ind
es should be sampled per area. Some plant species previously successfully used to ass
htaminated sites (by organic compounds and/orumetals) are indicated in Annex C.

h it is not possible to sample the same spegjes in all the areas, it remains possible t
mega-3 index but, in this case: (i) all the.species sampled in a given area should be
led on at least one other area and (ii)@ll pairs of areas should share at least one s
led.

that for the assessment of agricultural practices, the only plant species to sample is
one of interest, namely the cultivated crop. When only one species is sampled, the leaf
of 6 to 12 individuals per,area is harvested.

bampling of leaf tissues

following recommendations should be followed to sample leaf tissues suitable for
ysis:

lvater on the biological samples must be avoided. Hence, if leaves are wet, before s3

amplesyand the presence of water leads to hydrolysis of the esters formed, the presence

because the
phenotype
ne area, and

m each area
ht of a given
ssible three
esistant (or
entative the
irious areas
bresentative

ividuals per
ess the soils

b determine
present and
pecies to be

usually the
or a piece of

subsequent

n biological
of external
mpling, it is

ecessary to remaove water from their surface by the use of an ahsorbhent paper;

do not sample leaves under hydric (drought) or biotic (pathogens) stress. Only green leaves should
be harvested;

harvest leaves on plants of similar size. Consequently, harvest of leaves from small plants in one
area and leaves from tall plants in another should not be undertaken to measure the Omega-3 index
(see Annex D and [12]);

as a precautionary measure, we recommend harvesting only mature leaves and to disregard
developing ones (see Annex D);

when only a part of the leaves from a given species is sampled, harvest the same part of the leaves
(the distal part for example) for all individuals;

© IS0 2019 - All rights reserved
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— asaprecautionary measure,itisrecommended to harvestall the plantswithin2hto 3 h (see AnnexD).

8 Obtaining, extraction and analyses of FAMES

8.1 Contamination control

To prevent contamination, itis necessary to avoid any contact between the solutions with plastic, parafilm
or glue, etc. To ensure the absence of contaminations (e.g. protocol errors, contaminated solutions, etc.),
a test should be performed before each series of analyses by following the same protocol described in 8.2
and 8.3, but without biological tissues in the culture tubes. After GC analyses, with the exception of the

peak corresponding to hexane, the profile of the gas chromatogram should not display peaks.

Avoid any contact of the solutions with plastic: this recommendation does not apply to thepipette
used for collecting the solution of methanol/H,S0, (40/1) or hexane.

8.2 Obtaining and extraction of FAMES from plant leaves

Introduce the foliar tissues (approximately 1 cm x 1 cm) into the culture tubes-+(see 5.1.3) conta

1 ml of a s
polytetrafly
of 1 atmosp
the tubes. I
check (every

for the durdtion of the heating. If during the heating the contents’of the tube boil, lower the tubg

the ice to cd
1 ml by addji
and transfe
where the s
analysed.

After 1 h of
then 1,5 ml
Centrifuge t
transfer 20

using a screy
be avoided i

Note that fd
foliar tissue

8.3 Analy

Carry out th|

olution of methanol/H,S0, (40/1). Seal the tubes using a seréew cap equipped w|
oroethylene seal. Heat them for 1 h at 80 °C. With the methanol boiling at 72 °C at a pres
here, it is mandatory to avoid any evaporation so as to causesaturation vapour pressy
[ is, therefore, important that they are perfectly pluggéd.\t is also necessary to vis
/ 5 min for 20 min, then every 10 min) that the solution of methanol/H,SO, does no

ol it then completely unscrew and retighten the,cap. Readjust the volume, if necessa
ng methanol. If the contents are still boiling afterwards, take another tube and anothe
into it the contents of the defective tube. Thefatty acid composition of tissues in the

heating at 80 °C, cool the tubes.(é.g. put them on ice). First add 750 pul of 99 % he

he tubes at 200 g to 300 g forn> min to 10 min to obtain two phases. Using a Pasteur pij
ul to 400 pl of hexane (upper phase) into a CG vial equipped with an insert. Close thg

v-opening cap equippedwith a silicone septum. Collecting the lower phase should absol
ecause the water irreversibly damages the column used for the gas chromatography.

llowing this pretacol, the leaf fatty acid composition does not depend on the amou
5 put in the tube)(See Annex E).

rsis of FAMES

e gds chromatography analysis with a capillary column for separating and quantifying

P tips

ning
ith a
sure
re in
ually
E boil
into
"y, to
I cap
ubes

lution of methanol/H,S0, has (almost) totally evaporated during the heating should njot be

Kane,

of H,0. Shake vigorously by hand for 20 sec. The use of a vortex should be avoided.

ette,
b vial

utely

nt of

fatty

acid methyl

ésters with 14 carbon atoms to 22 carbon atoms, and for each aliphatic chain lengt

h for

separating the saturated, mono-, di- and tri-unsaturated esters. The FAMEs are identified by comparing
retention times with standard of C16:0; C16:1; C16:3 C18:0; C18:1; C18:2 and C18:3 methyl esters.

After the gas chromatography analysis (see Annex F), consider the surface of the peaks of the
chromatograph corresponding to C16:0, C16:1, C16:3 (when present), C18:0, C18:1, C18:2 and C18:3.
Express the results as a percentage for each FAME F,. The percentage is calculated by dividing the

© ISO 2019 - All rights reserved
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surface S; of the peak for the FAME F; by the sum of the surfaces of the peaks corresponding to C16:0,
C16:1, C16:3 (when present), C18:0, C18:1, C18:2 and C18:3, i.e.

% F; =100 x S;/(Sc16:0 + Sc16:1 + Sci6:3 + Scis:0 + Scas:a + Scig:2 + Scis:3)

@)

The results of the analyses for which a contamination is suspected should be discarded. For example,
when the fatty acid composition deviates too far from the standard fatty acid composition for green
leaf tissues of angiosperms (see Annexes B, E, F and [6][9-14][18]).

%C18:0, %C16:1 and %C18:1 should each be lower than 10 %;

q

Simi
C1é:
surfa

One

all pl
for
nor

resu
stati

Whe
indej
on tH

included.

The

spec
ratio|
p an

given site, all areas included.

Whe
signi
of al
indiy
areas

3, C18:0, C16:1, C18:1, C18:2 or C18:3 appear(s) in significant propértions, e.g. peak(s)

fa

the v

[ficant differences are observed between the means of the X /X

.16:0 and C16:2 each between 5 % and 30 %;
[16:3 between 0 % and 30 %; and

[18:3 higher than 40 % of the sum (%C16:0 +%C16:1 + %C16:3 + %C18:044+9%C18:1
©C18:3).

arly do not consider results when (an) additional peak(s) that do(es) not correspo

ce S higher than 0,15 x (S¢16.0 + Sc16:1 + Sc16:3 + Scis:0 + Sciga + Scas:2 + Scis:3)-

pr several plant species can be sampled per area. When only.éne plant species is analy]

alysis of results. The parametric analyses (e.g. t-test) for such data assume that t
lly distributed, that the treatments are independent-and that the variance is homoge
arious treatments. These assumptions should .bé‘tested. If the data satisfy these a
ts analysis may proceed. Otherwise, nonparametric tests should be used. Solely
stically significant differences between areas;a rating is attributed to the soil of each §

h only one species is analysed, and if significant differences between the means of 4
x by area are observed, the rating of an“area should be defined as the mean of the Onj
is area divided by the highest medw of the Omega-3 index measured on the whole s

Dmega-3 index values may-@depend upon the plant species analysed. Therefore, when
es are analysed together,'standardised values of the Omega-3 index should be used.
is therefore calculated, where X_ represents the Omega-3 index measured for the indi

I X .« represents the-highest Omega-3 index obtained for the individuals of the same

h several plant-Species are analysed and all plant species were found in all sampling
max Tatio by area (all

speciesuincluded), the rating of an area is defined as the mean of the X,/X ., on t
idualsef all species included) divided by the highest mean of X /X, measured atag
5 included.

+ %C18:2 +

hd to C16:0,
displaying a

sed or when

ant species are found in all sampling areas, standard statistical procedures generally are sufficient

he data are
nous among
ssumptions,
in cases of
rea.

he Omega-3
lega-3 index
te, all areas

everal plant
The X /X ax
Vlduali] plant
species at a

hreas, and if
individuals
his area (all
iven site, all

Note that it remains possible to rate and to rank areas when not all plant species under study were
found in all sampling areas when (i) all species sampled on a given area were present and sampled on
at least one other area, and (ii) all pairs of areas shared at least one of the same sampled species. The
method to calculate ratings of the areas in this case is fully described in [10] and explained in Annex G.

It should be noted that ratings are relative: for a given site, the area with the “best soil quality” is given
a rating of 1, other areas are given a lower rating. In view of our previous experiencel6l[2-14][18]  we
usually distinguish the different adverse effects of soil on plants as follows: little or no effect (rating
20,93), medium (0,93> rating =0,85), high (0,85> rating =0,7) and very high adverse effect (0,7> rating),
relative to soil of the area with a reference rating of 1.
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9 Testreport

The testrep

ort should include the following information:

9.1 Areference to this document, i.e. ISO 21479

9.2 Description of the site and areas analysed

When available, a detailed map of the given site is joined to the test report. Mention area by area whether
few or many plant species were present, and the most abundant ones. Note that detailed information on

h i 1 chaxnaioa]l o Ao fiacic Lol f adnbara ot o4 o o raculic [ aniradii ot oo
p y51ca angefemcar pProptratsTsiCIprar ror Tt TrreCr protatronT Ot TS are S (SCtTrer ot ot

9.3 Leafs

— Areaby
number

— The paf
oldest 14

— Any spd

etc.) andl when appropriate description of visual damage (photographs are recommended).

9.4 Fatty
— Whena

— The fatt
% C18:4

— When s
ratio, itJ

9.5 Conc]

Conclusions
described i1

2l fos £ o afat £+l cule caal

fampling

area, the plant species sampled (when possible: Linnaean classification, variety, source
of individuals from each of these species and when appropriate, missingrindividual(s)

t of the leaves sampled (distal, proximal), and the leaves sampled((the mature leave
af, etc.); and

cific particularity of the status of the sampled individual (developmental stage, age,

acid composition

bpropriate, missing data (broken tubes, contaminated sample, etc.);

) ratio, its mean and standard deviation; and

everal species are analysed, the standardised % C18:3 / (% C18:0 + % C18:1 + % C
mean and standard deviation spegi€es by species.

usion

on the relative soil quality of the various areas are drawn following analysis of resu

8.2 and 8.3.

y acid composition of each sample and thegvalue of the % C18:3 / (% C18:0 + % C1B:

,the

, the

size,

18:2)

ts as
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Results of the ring test
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9:2019(E)

Six 14
Unitg

The
(27 1
3m

diffe
beca
and

whel

Ever
de B

More
own

Only
radid
harv

Aftel
area

sampling campaign was carried out on May 31, 2017 for all participants?\The site
n x 19 m) was located at Léognan, near Bordeaux (France). It was divided into seve

Fent areas: Area 2, Area 7 and Area 20. These areas displayed varigus.metal content (s¢
ise Areas 2 and 7 had received municipal digested and dehydrated sewage sludge bg
993 (10 t per hectare every year for Area 2 and 100 t per hectare every second year
eas Area 20 did not receive any sewage sludge.

y laboratory, A, B, C, D, E and E, synthesised, extracted and analysed FAMEs in the
iogenése Membranaire (LBM, Bordeaux). The results obtained by the various invg
Bordeaux are indicated with letters A1, B1, C1, D1, E1 and F1, respectively.

laboratories; the corkesponding results are indicated with A2, B2, C2 and D2, respecti

ata and Medicago sativa. For each series (Al to F1 and A2 to D2), laboratories in
ested five pieces of leaf from five individuals for each species (Figures A.1 and A.2).

6 m) with each area separated by 1 m. Leaf tissues were harvested from plants grow

Table A.1 — Total content of metal trace elements (mg/kg)

Area Total Metal Content (mg/kg)
Cd Cr Cu Ni Pb Zn
2 6,01 21,9 85,8 23,6 179 977
7 10,3 33,8 135 39 307 1790
20 (Control) 0,62 10,9 34,2 4,03 48,6 55,5

over, laboratories A, B,'C/ and D additionally synthesised, extracted and analysed FA

three plant species were found in all the areas and analysed: Plantago lanceolata,

fatty acid analyses, the mean of the standardised Omega-3 index values was calculs

all¥species included.

hboratories (noted A, B, C, D, E and F) from three European countries (France, Port\llgal and the
bd Kingdom) were involved in the ring test.

inder study
ral areas (of
ing on three
be Table A.1)
tween 1974
for Area 7),

Laboratoire
stigators in

MEs in their
vely.

Hypochaeris
Hependently

ited area by
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c) With Me(@ago sativa
o5
¥

P indicateq the parts of the leaf sampled by investigators performing analyses solely at the LBM

Key

<

Figure A.1 — Plant species hﬁ@sted and protocol of leaf sampling for the analyses only
@P ormed at the LBM (one sample)
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T

C)O c) With Medicago sativa
Key O )

P1and P2 represe \parts of the leaf sampled by investigators who carried out analyses both at the LBM (with
parts P é}ld at their own laboratory (with parts P2)

Figure A. lant species harvested and protocol of leaf sampling for the analyses
&v at the LBM and in the other laboratories (two samples)

o)

A.2 Results obtained in Bordeaux by six laboratories

performed

Figure A.3 shows that in Areas 20 and 7, all laboratories found similar mean of standardised Omega-3

index values of the: 0,781 * 0,016 (Kruskal-Wallis test: p = 0,883) in Area 20, and 0,786 * 0,037
(Kruskal-Wallis test: p = 0,269) on Area 7. Green dots represent outliers.
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Figure A.3 — Standardised-Omega-3 Index obtained for Areas 20 and 7 for all laboratories

in the LBM

By contrast] in Area 2;>a higher Omega-3 index, slightly but significantly higher than others,| was

determined

10

for laboratory B (see Figure A.4).
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Figure A.4 — Standardised Omega-3 Index obtained for Area 2 for all laboratories i

To symmarise, except for one investigator in one area (slightly higher Omega-3 index values 1
on efch area, all laboratories obtained the same standardised Omega-3 index values. Be(
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the K
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C

7 areas, whereas one area randomly displayed a slightly greater highest value.
Results obtained by the same investigator in different laboratories:

pir own laboratories. Unfortunately, the laboratory D did not use a suitable GC colum

[-MS by laboratagy C, but they cannot be directly compared to the results obtained in
[D analyses.

5) values'associated with the same individual (all species included) in Bordeaux
atories; with the exception of one value (blue box). In addition, both of the laborator

very close, it remains possible that among the 18 areas analysed (three areas x six 14
ighest and lowest values of the standardised Omega-3 index were uniformly distrib

entioned, laboratories A, B;-E:and D synthesised, extracted and analysed FAMEs from th

s not possible to take-these results into consideration. In addition, laboratory C analys
composition by GCéMS and not by GC-FID in its laboratory. We discuss below the resullts obtained

A.2 showstthat in each area, each laboratory found the lowest (orange boxes) and hig

1 Similar standardised Omega-3 index values in Bordeaux (LBM) and in their own labg

n the LBM

han others),
ause values
boratories),
uted among

ese samples
h; therefore,
ed the fatty

Bordeaux by

rhest (green
ind in their
es, A and B,
ratories: all

spec

3 11 : .11 .1 b A4 /A l1n4 /Do EINaVaVe Mo WaVaYals 40 J4025+0079
S dIU dIT dI'Tds HILIUUTU, LUIT TdaltIUS A1/ AL dIIUD1LI/ D4 WEITT L,UU0 T U, U0O (II'=%FJ] dlIU 1, v,

(n = 45) for the samples analysed by the laboratories A and B respectively. This evidence shows the
low variability of the measurements when the same sample (i.e. the same leaves) was analysed in two
different locations (by the same investigator).

Table A.2 — Comparisons of standardised Omega-3 Index values measured on the same leaf at

LBM and the other laboratories and p-value of Kruskal-Wallis tests

Area 20 7 2
Laboratory A B A B A B
Sample N° Al A2 B1 B2 Al A2 B1 B2 Al A2 B1 B2
1 0,58 0,51 0,88 0,82 0,84 0,82 0,99 0,800 0,78 0,71 0,99 1,00
2 0,73 0,62 0,92 0,88 1,00 1,00 0,82 0,77 0,83 0,89 0,97 0,89
© IS0 2019 - All rights reserved 11
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Table A.2 (continued)

Area 20 7 2
Laboratory A B A B B
Sample N° Al A2 B1 B2 Al A2 B1 B2 Al A2 B1 B2
3 0,79 0,73 0,79 0,73 0,92 0,89 0,87 0,91 0,82 0,78 0,96 0,94
4 091 0,81 0,69 0,69 0,81 0,80 1,00 1,00 0,88 0,92 0,86 0,74
5 0,70 0,64 0,93 0,94 0,86 0,90 0,82 0,72 0,75 0,79 0,96 0,93
6 1,00 1,00 0,73 0,78 0,85 0,92 0,85 0,87 0,67 0,80 0,68 0,62
7 0,87 091 0,70 0,86 0,85 0,98 0,77 0,82 0,58 0,56 0,84 0,84
8 0,76 0,81 0,82 0,77 0,61 0,61 0,98 0,95 0,73 0,76 0,98 {0y1,00
9 0,74 0,78 0,82 091 0,59 0,60 0,96 0,92 0,77 0,79 0,88 ,92
10 0,80 0,82 0,76 0,80 0,63 0,66 1,00 1,00 0,67 0,72 0,97 ,98
11 0,83 0,74 0,89 0,74 0,73 0,70 0,78 0,77 1,00 1,00, 'f,OO 92
12 0,79 0,77 0,82 0,81 0,81 0,83 0,65 0,69 0,89 0,91 0,86 ,81
13 0,70 0,81 0,82 0,73 0,74 0,73 0,69 0,70 0,85 0,80 097 ,96
14 0,74 0,71 0,71 0,85 0,90 0,58 0,57 0,89 0,93 0,78 0,67
15 0,78 0,86 0,68 0,67 0,88 0,82 0,73 0,79 @4 0,67 0,99 1,00
Mean 0,780 | 0,773 | 0,798 | 0,789 | 0,798 | 0,811 | 0,832 | 0,819 0,783 | 0,802 | 0,913 | 0(882
SD 0,099 | 0,123 | 0,083 | 0,081 | 0,116 | 0,124 | 0,131 | 024 | 0,113 | 0,115 | 0,094 | 0121
Cy 0,126 | 0,159 | 0,104 | 0,103 | 0,146 | 0,152 | 0,157..[}0,151 | 0,144 | 0,143 | 0,103 | 0}137
p-value 0,884 0,724 0,836 0,724 0,561 0,494
A.4 Outcpme

Overall, resy
between ard

not for thos
compared, yj
areas either]

Looking at {
were obsery
poorly extrd
i.e. close to ¥
contaminat

Additionally

h1ts obtained following GC-FID analysés-show that laboratories did not find any diffeq
as, regardless of where the analyses;were performed (except for laboratory B who foyind a
slight, yet significant, difference between Area? and Area 20 for analyses conducted in Bordeau}
e conducted in their laboratory). Results obtained by GC-FID and GC-MS cannot be dif
et, it should be noted that GE-MS analyses (C2) did not show significant differences bet
(Table A.3).

he total soil metal content of the various areas, it could be surprising that no differg
red in the Omega-3values. Nevertheless, it should be noted that metals in these area
ctable, for example 0,062, 0,187 and 0,209 mg/kg for Cd in Areas 20, 2 and 7 respect
ralues observedin uncontaminated sitesl1Z] Hence, Areas 2 and 7 can be regarded as p
bd, while inaddition the harvested plant species are known to not be highly sensiti
metalslZ8.1¢]

, for.any given area, the standard deviation of the normalised Omega-3 index value
species inclydéd, obtained following GC-FID analyses by all the investigators in all the laboratories|

very low. This highlights a high reproducibility and repeatability of the results (Table A.3).

ectly
veen

ence

but

nces
S are
jvely,
borly
ve to

s, all

was

Table A.3 — Comparisons of the standardised Omega-3 Index values obtained for each area and

for each laboratory and p-value of Kruskal-Wallis tests

p-value
Series Area 20 Area 7 Area 2
(Kruskal-Wallis)
Al 0,78+0,1 0,80 £ 0,12 0,78+0,11 0,735
B1 0,80 £ 0,082 0,83 +0,133b 0,91 + 0,09 0,014
Cc1 0,78+0,12 0,77 £ 0,10 0,84+ 0,15 0,284
D1 0,75+0,12 0,73+0,13 0,75+0,15 0,856

12
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p-value
Series Area 20 Area 7 Area 2
(Kruskal-Wallis)

E1l 0,79 £ 0,10 0,78 +0,15 0,74 £ 0,09 0,563
F1 0,79 +0,13 0,81+0,11 0,83+0,13 0,792
A2 0,77 +0,12 0,81+0,12 0,80 +£0,11 0,650
B2 0,79 + 0,08 0,82+0,12 0,88+0,12 0,051
All FID 0,781 £ 0,014 0,793 £ 0,034 0,818 £ 0,06 0,277
2-(MS) 6,637 +0;167 6;674+0;13% 6,715 +6;173 454

Valugs of the Omega-3 index could also be analysed species by species. Since no significanf
observed between areas (expect for B1 on Area 2), we carried out this analysis specie
eas included. The given coefficients of variation (Cy), in a range of 0,10 --0,20, indic
terogeneity among the populations sampled. This heterogeneity was of/the same
atories. For all the three species, the C}, values relative to the mean of the means obt
us laboratories were lower than 10 % (Table A.4).

were
all ai
of hd
laboi
varig

Table A.4 — Comparisons of the Omega-3 Index values for thevarious species detel

the six investigators in the LBM

differences

5 by species,
hte the level

rder for all

hined by the

mined by

Plant species Laboratory A B C\\Y D E F Mean SD Cy
Plantago lanceolata mean 3,04 3,15 3§29 3,29 3,11 3,40 3,21 0,13 0,04
SD 0,38 0,31~040 0,54 047 0,55
¢, 012 010" 0,12 0,16 0,15 0,16
Medjcago sativa mean 3,75.43,69 3,63 3,85 3,54 3,62 3,68 0,11 0,03
Sb 042 0,60 0,53 0,60 0,57 0,51
G011 016 015 015 0,16 0,14
Hypochaeris radicata mean 3,24 3,73 3,53 3,11 3,18 3,07 3,31 0,26 0,08
SD 0,52 048 0,63 0,62 042 045
¢, 016 013 018 0,20 0,13 0,15
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Annex B
(informative)

Assessment of soil quality by determining the Omega-3 index of
Lactuca sativa seedlings grown ex situ under controlled conditions

The measur

cton

the early gr
aring test, 4

Briefly:

Cover the b
assessed up|
volume of sq

Place fifteen L. sativa seeds per pot, distributed over the entire surface, then cover them with 4

layer of soil,
The pots coj

Lettuce see
of 21 + 2 °C
darkness cyj

Check the w
water from

One week a
total of five
of the plantj

Thirteen to
seedlings/p

Place the old
the distal er
methanol/H
(circular sh3

The leaf fatt
acid compo

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
pwth of lettuce seedling as described in ISO 11269-2[3]. Following various experiment
\FNOR X 31-233l¢], a standard corresponding to this method was published.

hse of the pots with filter paper to perform the tests. Fill the pots with. the soil(s)
to approximately 0,5 cm to 1 cm below the edge. All of the pots sheuld contain the
il not compressed and moistened to 70 % of its water-holding capagcity.

responding to the same treatment group should be positioned randomly in the culture

llings grow at a temperature of 18 + 2 °C during the dark phase and at a temper;
during the illuminance phase, with 5 000 Ix to 10000 1x of illuminance and a 16/8 h 1
cle.

ater evaporation by regularly weighing the pots two to three times a week. Dechloriry
h bubbling system is added, if necessary;until the initial weight of the pot is obtained.

'ter 50 % of the control seedlingsihave emerged, reduce the number of seedlings to g
specimens whose biomass and developmental stage (number of leaves) are represent
present in the pot.

15 days after 50 % of"the control seedlings have emerged, select three out of thsg
bts representative ofzal]l of the seedlings of the pot.

estleaf (i.e. the largest) of each selected seedling or, if it is too large (larger than 2 to 3
d of the oldestTeaf (approximately 1 cm?2) in a culture tube containing 1 ml of a soluti
,S0, (40/1).Note that the first green tissues that appear after emergence are the cotyle

y acideompositions are then determined as described in Clause 8. Table B.1 shows the
bition of a L. sativa leaf grown in control soil and determined following five consec

5 and

o be

pame

fine

area.

iture
ight/

1ated

ive a
ative

five

'm?2),
on of
dons

ipe) and should under no circumstances be mistaken for leaves (oblong shape) and samjpled.

fatty
utive

ment

analyses of

14

hefscame saomnle hv using the scamoe GC.EID cauin
Ae-Same-Sampre by Husihig e Ssae- = 1-eqHp
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Table B.1 — Fatty acid composition of a L. sativa leaf grown in control soil and determined
following five consecutive analyses of the same sample using the same GC-FID equipment

IS0 21479:2019(E)

% Omega-3

C16:0 Cl6:1 C18:0 C18:1 C18:2 C18:3

16,481 3,033 1,314 3,033 20,526 55,612 2,236

16,517 3,103 1,301 3,003 20,420 55,656 2,251

16,558 3,070 1,302 3,070 20,558 55,442 2,224

16,552 3,036 1,273 3,036 20,470 55,632 2,245

16,569 3,039 1,275 2,941 20,490 55,686 2,254
Meaj 16,535 3,056 1,293 3,017 20,493 55,605 2,242
SD 0,036 0,030 0,018 0,048 0,053 0,096 0,012
Cy 0,002 0,010 0,014 0,016 0,003 0,002 0,005
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Annex C
(informative)

Plant species previously successfully used to assess soils of
contaminated sites (organic and/or metals)

Family Species Common name

DICOTYLEDONAE

Apiaceae Ombellifera sp.

Asteraceae Erigeron sp fleabane

Asteraceae Lactuca sativa lettuce

Asteraceae Lactuca seriola prickly lettuce, milk thistle

Boraginaceag Symphytum officinale common comfrey, commoh comphrey

Brassicacead Brassica napus rapeseed

Fabaceae Anthylis vulneraria kidney vetch

Fabaceae Medicago sativa lucerne

Fabaceae Melilotus albus white melilot, white sweet clover, honey clover

Fabaceae Trifolium repens white clover

Onagraceae Epilobium tetragonum square-stalked willowherb

Onagraceae Oenothera biennis Zmmon evening-primrose, evening star sun
cleavers, clivers, bedstraw, goosegrass, catch

Rubiaceae Galium aparine weed, stif:kywefed, sti_ckybuc_i, robin-_run-_the-
hedge, sticky willy, sticky willow, stickyjack,
sticklejack, grip gras

Salicaceae Populus nigra black poplar

Urticaceae Urtica-dieica common nettle, stinging nettle, nettle leaf

MONOCOTYLEDONAE

Poaceae Hordeum vulgare barley

Poaceae Phragmites australis common reed

16 © IS0 2019 - All rights reserved
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Annex D
(informative)

Variation of the Omega-3 index as function of harvest time, plant

In or

size and leaf development
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whether the size of individuals, the stage of development (age) of the harvested leaf,
pst time influence the results or not. We analysed in this area: four species (Dittri
stonia perfoliata, Onobrychis viciifolia and Lotus corniculatus) and six individualsiper s}

riments as a function of harvest time (9 am, 2 pm, 7 pm), were carried out with mature

medjum-sized individuals, experiments as a function of plant size (small (§)," medium (M

were
(age)
oldeq
and ]

Look
anX

carried out at 11 am with mature leaves, and experiments as a function of the stage of d
of the harvested leaf (young leaves (Y), developing/mature leaves)(DM), mature lea

‘igure D.3).
ing at results of all species included as a function of hatrvest time (and obtained by

/X ax ratio for each individual of a given species as described in 8.3, all harvest timg

no sugnlflcant differences (Kruskal-Wallis test: p = 0,612} appeared. Nevertheless, as a pi

mea
This

ure, we would recommend to not harvest one areaiffthe morning, and another one in th
is really feasible because only a few minutes are needed to harvest one species in an af]
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Figure D.1 & Variation in the Omega-3 index as a function of harvest time

Resullts for the effeet’of plant size (all species included) were obtained as described in 8.3, by
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nigrg
size

/X hax Tatig for each individual of a given species, all sizes included. They showeq
Fences (Kruskal-Wallis test: p = 0,007). A similar result was previously observed y
grownboth in a control and in a contaminated areall2]. Hence, special care should be
bfindividuals, and it is recommended to harvest leaves on individuals of similar size. C
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Figure D.2 — Variation in the Omega-3 index as a functiomof plant size

1l species included as a function of the stage of development (age) of the harvested l¢
es (Y), developing/mature leaves (DM), mature leayes-(M) and oldest leaves (0)) sh
Int differences (Kruskal-Wallis test: p = 0,274). Nevertheless, the youngest leaves

d in the present study, and it was previously shewn that the Omega-3 index in La
5 varied as a function of age, at least when young seedlings were sampled[©14], Hence

precautionary measure, we recommend harvesting mature leaves and to disregard developing ong
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Figure D.3 — Variation in the Omega-3 index as a function of leaf development
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