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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

The characterization of contaminated soils can be based on strategies considering chemical analyses
and/or bioassays. ISO 15799 provides guidance on the selection of experimental methods for the

assessment of the ecotoxic potential of soils and soil materials (e.g. excavated and reme
refills, embankments) with respect to their intended use or re-use, and possible advers
aquatic and soil dwelling organisms.

An assessment strategy giving instructions for the choice and evaluation of test resu

diated soils,
e effects on

Its is hence

proposed. The evaluation of the bioassays outcome is based on empirically-derived critical dilution

e of the site

levelg-thattake-inte-account-the-sensitivity-of-the-testsystemand-the-intendedusefre—t

under investigation. This approach intends to contribute to an effective and comparable
withjn the ecotoxicological characterization of contaminated soil or soil materials[1(Fhe {
included in this approach are not mandatory and may be replaced or accomplished by-other t
Nevdrtheless, the selected test systems have proved to appropriately characterize’contan
and $oil materials with respect to their ecotoxic propertiesl2.[3], both towards-aquatic an
orgahisms, the latter being responsible for maintaining essential soil functions.

assessment
est systems
st methods.
inated soils
1 terrestrial
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INTERNATIONAL STANDARD IS0 17616:2019(E)

Soil quality — Guidance on the choice and evaluation of
bioassays for ecotoxicological characterization of soils and
soil materials

1 Scope

This|document is one of the family of standards (ISO 15799, ISO 19204) providing guidlance on the
charficterization of soils and soil materials in relation to their retention and habitat Mulnctions and
uses| It is appropriate to use it in conjunction with the two other standards in this family, It provides
guidance on the choice and evaluation of tests applied for ecotoxicological characterization of soils
and $oil materials. Recommendations for test strategies with respect to the protection of|ground and
surfdce waters and the maintenance of the habitat function of soil are included.'The tests recommended
represent a minimum test battery that can be complemented by additional tests, or even(be replaced
by others, according to the intended uses or protection goals envisaged. The effect valups indicated
in thfs document do not refer to regulation but represent the lowestlevel at which an adv¢rse effect is
consldered likely to occur.

2 Normative references

Therk are no normative references in this document.

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

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

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

3.1 | Assessment

3.1.1
soil-related asSessment
assegsment of.the ecotoxic potential of soils (3.2.1), soil substrates and soil materials (3.2]2) based on
chenjical analyses, biological tests and field inventories (monitoring) such as that mentjoned in the
TRIAD.Approachl4]

Note 1 to entry: TRIAD means an assessment approach based on a combination of chemical (i.e. residue analysis),
ecotoxicological (i.e. laboratory ecotoxic tests) and ecological (i.e. monitoring) data.

3.1.2

risk

expression of the probability that an adverse effect on soil (3.2.1) functions will occur under defined
conditions and the magnitude of the consequences of the effect occurring

© IS0 2019 - All rights reserved 1
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3.1.3
LID-value

:2019(E)

lowest-ineffective-dilution value
lowest value of the dilution factor above which the test gives an ecotoxicological relevant reduction
(e.g. 20 % inhibition of luminescence)

EXAMPLE

A LID 8 corresponds to a dilution of soil extract of 1 : 8 (i.e 1 part of soil extract: 7 parts of
dilution water).

Note 1 to entry: The exact definitions are given in the standard of the respective bioassay. According to
1SO 13829(5] for the umu-test, it is the “DLi value” (explanation in Annex D). According to ISO 1624010] 3.4, it is the

« )
decisive D

value”.

Note 2 to e
Annex A of th

3.2 Type
3.21

soil

upper layer

[SOURCE: IS
3.2.2

soil material

material cojf
soil, dredge

[SOURCE: IS

3.3 Term

3.3.1

habitat fun
ability of so
animals and

[SOURCE: IS
3.3.2

try: For further information on results expression and interpretation based on LID value
is document.

5 of soil and other soil materials

pf the Earth’s crust composed of mineral particles, organic matter, water, air and orgar

0 15799:2019, 3.1.1]

hing from soil (3.2.1) and displaced and/or modified,by human activity, including excay
| materials, manufactured soils, remediated treated soils or fill materials

0 17402:2008, 3.16]

s relating to Soil characteristics

ction
Is (3.2.1)/ soil materials (3.2:2) to serve as a habitat for microorganisms, plants, soil-1
their interactions (i.e. biocenose)

0 15799:2019, 3.2.1

retention function

ability of sd
mobilised v

Note 1 to €

ils (3.2.1)/\soil materials (3.2.2) to adsorb pollutants in such a way that they cann
a the water pathway and translocated into the food chain

ntry: The habitat and retention functions include the following soil functions accordi

S see

isms

rated

iving

bt be

hg to

ISO 11074:20

15421, 3.3.31:

basis for

basis for

[SOURCE: IS

control of substance and energy cycles as components of ecosystems;

the life of plants, animals and man;

carrier of genetic reservoir;

the production of agricultural products;

buffer inhibiting movement of water, contaminants or other agents into the ground water.

0 15799:2019, 3.2.2]
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3.3.3
contaminant
substance or agent present in the soil (3.2.1) as a result of human activity

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

Note 2 to entry: See also pollutant (3.2.3) and potentially harmful substance (3.2.5) definitions in ISO 15799:2019

[SOURCE: ISO 15176:2002[2], 3.2.6, modified — Note 2 to entry added.]

3.34

pollutant

substances, which due to their properties, amount or concentration cause negative impact

(3.2,

Note

3.4

3.4.1
re-u

[) function or soil use

1 to entry: Adapted from ISO 15176:2002[91 3.2.7.

Land and sites

9

usefuil and harmless utilisation of soil materials (3.2.2)

Note

1 to entry: In the context of this document re-use means the transfer of soil materials to anothg

use i agriculture, horticulture, forestry, gardens, recreational areas and construction sites.

[SOU

3.4.2
soil
use d

3.4.3
ecos
serv

[SOU

4 1]

The s
spec
clearn
defin
resp
activ

RCE: I1SO 15176:2002[9], 3.4.1; ISO 15799:2019, 3.3 4]

ise
f the ecosystem services (3.4.3) that soil (3:2.1) provides

ystem service
ce that is (directly or indirectly)'provided by an ecosystem to benefit people

RCE: Based on Millennium-Ecosystem Assessment]
Principles and applications of test batteries

es to anothér~Thereby, it is admitted that only the results of several ecotoxicity test
indication of the toxic effects of soil or soil materials. As such, the combination of ecot
ed as.avbattery, shall include organisms belonging to various trophic levels, sever
pnses\or end points (e.g. mortality, reproduction, growth, genotoxicity, as well as othg

s on the soil

r location for

ensitivity of organisms (e.g. bacteria, plants, animals) to toxicants may vary significantly from one

S can give a
Xicity tests,
hl biological
r functional
the studied

ities), in order to take into account the variability of species sensitivity within

3+ i
compattirent

The ecotoxicity tests included in batteries should at least have the following characteristics:

— sensitivity;

— practicability;

— compliance with standardized methods;

— high cost efficiency;

— representativeness of the soil ecosystem and/or of the selected application scenario (i.e. habitat or
retention functions).
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Depending on the use of the soil or soil material (e.g. the agricultural use of waste) or the protection
goal (i.e. habitat or retention functions), the applied test battery can differ (see Clause 5 in ISO 15799
for guidance on test selection criteria)lll. Nevertheless, the selected tests should allow the identification
of the most sensitive trophic level(s) and give information on the toxic effects induced by solid samples.

The evaluation of results from the ecotoxicological tests should take into consideration the application
purposes (further details on the field of application in ISO 15799, Clause 4), which can broadly be for:

— monitoring and control of the success of soil treatment (off-site, on-site, in situ) (see 5.1),

— assessment of soil / soil material quality or contamination effects according to its use or re-use
(see 5.2)

Irrespectivd of the application purpose, the ecotoxicological characterization of soils and soil.matgrials
depends on fthe soil use/re-use and soil functions requiring protectionlll, as aforementioned. Overgll, it
can essentidlly rely on the:

— assessnjent of mobile and bioavailable potentially harmful substances, in cases where the [soil/
soil material (see 3.2.1 and 3.2.2) can affect the ground and/or surface water, as well as in ¢ases
where pollutants are added to soils (e.g. agricultural use of wastes like sludge, composts, etc)) (i.e.
retentipn function), and/or

— assessnjent of the ecotoxic potential of soils and soil materials (se€’3.2.1 and 3.2.2) and pogsible
adverse| effects on soil-dwelling organisms (i.e. habitat function),

5 Testing strategy and interpretation of test results according to the use and re-
use of soils / soil materials and soil functions
5.1 Monitoring of soil treatment success

For evaluatihg the efficiency of soil treatments, the procedure below may be followed at different stpges:

a) before the treatment - perform the ecdtoxicological assessment of the soil sample(s) using g test
battery|(5.2);

b) monitoting during the soil treatment process - perform a simple test selected from the baftery
above [¢.g. the most sensitive.and practical test used among the battery applied in 5.1 a)];

c) atthe end of the treatment =/perform a new assessment with the same test battery used in 5.1fa), in
order tqd judge the suceess’of the treatment.

5.2 Assegsment of.the ecotoxic potential of soils / soil materials

5.2.1 Genleral

If soils or soil materials are assessed with respect to their intended USe Or re-use, the tests (see
ISO 15799) appropriate to evaluate their quality regarding the retention (see Table 1) and/or habitat
functions (see Table 2) should be applied. A strategy for the assessment of the ecotoxicological
characterization of soils and soil materials is proposed in Figure 1. The chemical characterization of
soils should always be conducted to increase the reliability of interpretations of the ecotoxicological
results obtained upon the selected test battery.

The test battery usually includes a set of acute and chronic/sub-chronic toxicity tests. If acute toxicity
is detected, it is not necessary to perform other tests. On the other hand, if no acute effect is detected,
chronic/sub-chronic toxicity and genotoxicity test(s) shall be conducted.

The assessment of soil and soil materials may be influenced by the collection, handling and storage
methods followed. Thereby, standardized procedures should be conducted in accordance with
ISO 18400-206[11],

4 © IS0 2019 - All rights reserved
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5.2.2 Choice of test battery and evaluation of test results for assessing retention function

5.2.2.1 Acute and chronic/sub-chronic assays for assessing the ecotoxic potential of soil /soil
materials

In a first approach, acute and sub-chronic tests using luminescent bacteria, algae and daphnids (see
Table 1) are recommended to assess the retention function of soils through the testing of soil/soil
material eluates. Depending on the legal requirements, other standardized bioassays may be selected
(see Table 1 or Annex A of ISO 15799 for choosing additional assays).

For the assessment of effects, toxicity criteria are also given in Table 1. The toxicity criteria are
prov(tded as LID-values, percentages of inhibition or mortality. If these values are exceeded, then an
ecotgxicological potential is highlighted, thereby indicating that soil pollutants are seluble in water,
bio-available, and can be transported via the water path. If at least one positive testresult|is obtained,
the yse of the soil or soil material is limited, or the requirements of remediation(are not fulfilled (see

Figure 1).

© IS0 2019 - All rights reserved 5
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Ecotoxicological characterization
of soils and soil materials

Contents determined
by chemical analysis
xeeeded-naxn

YES

Y

Limited use or
requirements of
remediationnet

values (if available) ?

“

Test habitat function

\ 4

Ecotoxicological test
battery applied on soil/soil
materials

Limited use|or
requirementp of
remediation [not

fulfilled

YES

Toxic effect
detected - at
least one
positive test ?

Lowrisk of impaired
habitat function

| Test retention function

\ 4

Ecotoxicological test
battery applied on soil/soil
materials-water extract

Toxic effect
detected - at
least one
positive test ?

Low hazard of
leaching of
contaminants

YES

fulfilled

Limited use ¢r
requirements|of
remediation rjot

fulfilled

Figure 1 — Flowchart describing a strategy for assessing the ecotoxicological potential of qoils
and soil materials
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Table 1 — Biological tests for the assessment of ecotoxic and genotoxic potential of liquid-
extractable compounds possibly present in soils or soil materials (retention function)

. Significant
Test Trophic Test Reference End point LID value2b biological
category level species b
effect
Decomposer | Vibrio fischeric |1S01134gi121| Inhibition of light LID>8 | 20 % Inhibition
Acute ecotoxic emission
tests i
Primary Daphnia magna | 150 63411131 |  Immobilization LID>4 | 20% Inhibition
consumer
. Lemna minor  |1SO20079[14]|  Growth inhibition — 25 % Inhibition
Primary
producer Raphidocells 1,6 6950151 Growth inhibition | LID>4 | 25 s Inhibition
subcapitata
Chrohic/ 50 be Mortalit
) ; i i i © Mortality
sub (h.romc Cerlsdlc)zphma 1S0 206651161 Morta(lilty a.md .
ecotqxic tests Primary ubia reproduction 30 P6 Inhibition
consumer Brachionus calicy- S0 20666117 Mortality and O 20 Po Mortality
florus reproduction 30 P Inhibition
Salmonella chol- Induction rate of
eraesuis subsp. |1SO 13829[2] umuC eerfe D,;W3 —
choleraesuis &
Inductien rate
Salmonella chol- of umud gene in
Decomposer | eraesuis subsp. |1SO 13829[2]| concentrated water D,;W3 —
choleraesuis extract1: 15 (water
: soil)
Genofoxicity Salmonella typh- Induction rate of Deci-
tests imurium TA 98 |1S0 1624011 - sive Dyin —
and TA 100 value W 2
Statistically sig-
nifi¢ant increase
Primar Micronucleus on fnicronuleus
y Vicia faba 1S0 29200018] frequency — fredquency in the
producer . . : .
increase soil f soil material
reldtively to the
neggtive control.
NOTE Tests given in bold letters ate part of a minimum test battery.
a  {ID-values are relevant for.a liquid/soil (L/S) ratio of 2 : 1. Further guidance on the preparation of soil ¢luates can be
obtained in EN ISO/TS 21268-1[12], EN ISO TS 21268-2[20] or EN 14735[21],
b Toxicity criteria established on the basis of testing a wide variety of contaminated and uncontaminated $oils. It should
be gyaranteed that nodalsé positive assessment is obtained![22],[23],
¢ Reclassified as.Aliivibrio fischeri (Beijerinck 1889) Urbanczyk et al.[24],
Nutrfents extracted from soils and certain soil materials can interfere with the effects of microalgae
growth dnhibitors, since a surplus of essential macronutrients, like nitrates and phogphates may
stimpilate’ microalgae metabolism and physiological performance. Therefore, it shall bg taken into

accourt titat the toxicity of pottutants tam be masked by substarnces favouring atgat growtlr, and that soil
composition shall be considered when analysing results. The inclusion of a reference soil/soil material
with similar nutrient and organic matter contents similar of the contaminated soil/soil material, could
allow identification of the influence of those interfering factors on the algae response.

5.2.2.2 Assessment of the genotoxic and mutagenic potential of soil /soil materials

The assessment of soil(s) and soil material(s) genotoxic potential should be also evaluated, since
genotoxic effects can occur far below the toxic threshold levels for acute and (sub-)chronic test
systemsl[23] (see Table 1). A stepwise procedure, including tests of 2:1 water:soil extracts and 15-fold-
concentrated water extract with the Umu-testl3], is recommended. The concentrated water extract
shall be tested additionally if no genotoxic effects were determined in the soil eluate.

© IS0 2019 - All rights reserved 7
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If neither the soil/soil material eluate nor the concentrated eluate extract present genotoxicity, but
due to chemical analysis or former use of the site it is suspected that water-extractable mutagenic
substances are present, the assessment should be completed by the Ames-testlél. It is recommended to
use the strains Salmonella typhimurium TA 98 and TA 100 with and without metabolic activation.

5.2.3 Choice of test battery and evaluation of test results for assessing habitat function

The habitat function of soils can be characterized by the recommended tests in Annex A of ISO 15799.
Notwithstanding, a list of selected standardized tests, which proved to be valid for soil quality testing
and provide relevant expressions of test parameters appropriate to be used as toxicity criteria, is
presented in Table 2. Other test methods not yet harmonized or sufficiently validated can be appropriate
as well, and| should be added as supplementary methods to the proposed test battery, or can replace
others for efonomic or ecological reasons.

If there is ope positive test result among the minimum test battery, a detailed assessment’should be
undertaken| considering the analytical data (e.g. metal concentrations) and physical-chemical soil
properties, particularly the soil texture and pH value. If more than one of the terrestrial test$ has
positive effgcts, the habitat function of the soil is significantly restricted.

Table 2 — Overview on relevant soil organisms and respective test systems considered in the
test battery for the assessment of the habitat function of soils

Test Trophic Te_st Reference End point Toxicity criteria
category level organism(s)
Growth reduction >30 %, or
G, +SD <09 %Gy,
where
Primary Plant . ISO 11269- Early growth
producer ant species |, (¢ inhibiNon G, isthe determined growth in the mixture
SD s the standard deviation of Gm
G, isthe calculated mean growth of th¢ test
and control soil (Gyoj; + Geonero) * 2710
Soils are assessed as being positively affe¢ting
the nitrification process if the activity in the
mixture with control soil deviates more than
10 % of the average activities of both indiyid-
ual soils:
Soil microflo- Ay +SD<0,9 x Ay

Acute/short- Autotrophic |ra-Ammoni- Ammonium

term ecotox- | . P < 1SO 156850271 | " where

. microbes um-oxidizer oxidation

Ic tests Yaicrobes A,, isthe determined activity in the mijture
Ay is the calculated mean activity of the test
and control soil (Ao + Acontrol) * 2712
In case of adding a material (e.g. sewage
sludge) to soil it is recommended to use ajf
effect criterion of Z5 % Inhibition

NOTE Tests given in bold letters are part of a minimum test battery.

3 Toxicity criteria according to the respective standards.

b Toxicity criteria established on the basis of testing a wide variety of contaminated and uncontaminated soils, and a round robin

test[32],[22] [40] [41], Even if the physicochemical soil properties of the test soil or soil material differ significantly from the control soil or

substrate, it should be ensured that no false positive assessment is obtained.

8 © IS0 2019 - All rights reserved
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Test Trophic Te.st Reference End point Toxicity criteria
category level organism(s)
Respiratory activation quotient (Qg) >0,3
Soil Inhib c Or tpeak max >50 hat Qg 0,2 to 0,32
oi nhibition o . .
microflora 15O 17155(28] respiration In case of adding a material (e.g. sewage
Decomposer sludge) to soil it is recommended to use an
and other effect criterion of 25 % inhibition of basal
microbes respiration
Arthrobacter Dehy- 30 % inhibition of enzyme activity compared
y p ISU 18187t [droge-nase X b
globiformis 2 to the negative control®
activity
Elsemgfetlda/ 150 11268- Mortality >20 % mortality compared to the{controlab
andrei 1030]
Primary Eisenia feti- |1SO 17512- Avoidance behaviour=80 % indidates limited
consumer |da/andrei 1031] Impact on habitat function®?
- avoidance - - — —
FoIsopua ISO 17512- behaviour Avoidance behaviour >70 % indidates limited
candida 2(32] habitat function
i 0,
Brassica rapa . Growth and Growth reduction >30 %, or
Jvena sativa IS0 22030[33] reprofiuctlve Reproductive capacity reduced by >50 % com-
Primary capacity pared to the controlaP
producer Micronucleu$\/| Statistically significant increase ¢f micronule-
Vicia faba 1SO 29200[18] |frequency us frequency in the soil/soil matgrial relatively
increasé to the negative control.
. Primary Caenorhabdi- [34] . Reproduction rate reduced by >5p % com-
Chrto e consumer |tis elegans 150 108721541 | Reproduction pared to the control®
ecotdxic
tests Eisenia feti- |1SO 11268-, jReproduction |Reproduction rate reduced by >5p % com-
da/andrei 2[39] inhibition pared to the control?
Folsomia 1SO 117671361 Reproduction | Reproduction rate reduced by >5p % com-
candida inhibition pared to the controlb
Enchytraeus 371 |Reproduction |Reproduction rate reduced by >5p % com-
150163870371 | ~~F0 = b
sp. inhibition pared to the control
SRS iy o
Helix aspérsa |1SO 15952138] Qrowth inhibi Blomasg reduced by >40 % compfred to the
tion control
NOTH Tests given in bold letters arepdrt of a minimum test battery.
a  Toxicity criteria accordingtoithe respective standards.
b Toxicity criteria establishied on the basis of testing a wide variety of contaminated and uncontaminated soils, and a round robin
testl3p1,[22] (401 [41], Even jfthe’physicochemical soil properties of the test soil or soil material differ significantly from th¢ control soil or
substlate, it should be.eénsufed that no false positive assessment is obtained.
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Annex A
(informative)

Tests with soil eluate — Expression of results

In order to conform with assessment purposes, LID values were defined for each ecotoxicological test,
which, if exceeded, indicate an ecotoxicological potential (i.e. a sample is classified as “toxic” in regard
of a specificlorganism and biological response).

For examplg, in the case of the bacteria luminescence and algae growth tests, the LID-value (if. >8
and >4, respectively) is defined as the dilution at which the effect on the respective end point is helow
20 %, whilelin the test with daphnids the LID-value (i.e. >4) is 10 %. For the three test type€s is assumed
the use of a| dilution series based on a spacing factor of 2. If the respective LID-value’is not reaghed,
an ecotoxic|potential of the soil via water path is not detected. This situation-is described as {non-
toxic” and ipdicates a low risk of contaminants entry into adjacent waterbodies-{i.e. soil/soil material
retention fujnction is preventing the dispersal of contaminants).

The LID valpies-based toxicity criteria presented in Table 1 (i.e. LID > 8 for Vibrio fischeri lumines¢ence
inhibition, IJID > 4 for the Daphnia magna survival test and the algahgrowth inhibition test, D; | W 3
for the umyC-test, and decisive D ;, value W 2 for the Salmonella*microsome test) were discyssed
and set aftef testing large numbers of uncontaminated and contaminated soil samples, and after| ring
testing[22l, )ne important aspect considered is that on the basis of these toxicity criteria, soil samples/
soil materials that are definitely uncontaminated are not classified as “toxic”. For example, the Gefman
standard sofl “Lufa 2.3” has a LID value of 8 in the Vibrio fischeri luminescence inhibition testl42],

NOTE Egplanations are extracted from Reference [43]. Additional information is givep in
References [42] and [44].
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