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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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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parts in the ISO 21268 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

In various countries, tests have been developed to characterize and assess the substances which can
be released from materials. The release of soluble substances upon contact with water is regarded as
a main mechanism of release, which results in a potential risk to the environment during the use or
disposal of materials. The intent of these tests is to identify the leaching properties of materials. The
complexity of the leaching process makes simplifications necessary(ll.

Not all of the relevant aspects of leaching behaviour can be addressed in one standard (see description
of influencing factors in Annex A).
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a)

b)

The

Thi
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b0 18772121 and EN 12920[3], The relationships between these tests are summarized.belo

“Basic characterization” tests are used to obtain information on the short- and
composition, factors controlling leachability, such as pH, redox potential, cemplexing ca

these defined tests.

or with specific reference values. These tests focus on &ey variables and leaching
previously identified by basic characterization tests.

“On-site verification” tests are used as a rapid check teconfirm that the material is the s
which has been subjected to the compliance test(s)»On-site verification tests are not
leaching tests.

test procedure described in this method belongs to category b): compliance tests.

sidering requirements on subsequent écotoxicological testing and analysis of organic
e been included. Validation results have been adopted from DIN 19529(2],

[s to characterize the behaviour of materials can generally be divided into three categories

leaching behaviour and characteristic properties of materials. Liquid/salidyratios (L/S

of dissolved organic carbon (DOC), ageing of material and physical parameters, are ad

“Compliance” tests are used to determine whether the materialicomplies with a specifig

5 document was originally elaborated omythe basis of EN 12457-2:2004[4]. Especially, mg
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.

long-term
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behaviour

hme as that

hecessarily

difications
substances

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=4ecd068e2eb8e0b9fbe0613a6d514975



https://standardsiso.com/api/?name=4ecd068e2eb8e0b9fbe0613a6d514975

INTERNATIONAL STANDARD

ISO 21268-2:2019(E)

Soil quality — Leaching procedures for subsequent
chemical and ecotoxicological testing of soil and soil-like
materials —

Part 2:

La

[e

B

1

Thi
exp

Thd
soil
eco

NO'
min

NO']
sub
req
con
sub

NOTI
mor

casdg,

as s
The
the

NO7
are

Thi
eco
sub

Thi

!

Scope

b document specifies a test providing information on leaching of soil andseil materialg
erimental conditions specified hereafter, and particularly at a liquid to solid ratio of 10 1/kg

document has been developed to measure the release of inorgamic-and organic subst
and soil-like material as well as to produce eluates for subsequént ecotoxicological t
foxicological testing, see ISO 15799[6] and 1SO 17616171,

E1 Volatile organic substances include the low-molecular-weight substances in mixtuj
eral oil.

E2 It is not always possible to optimize test conditions simultaneously for inorganic
tances and optimum test conditions can also varydbetween different groups of organic subs
irements for organic substances are generally more stringent than those for inorganic substan
itions suitable for measuring the release of organic substances will generally also be applicable
tances.

E3
e polar, relatively water-soluble compounds and apolar, hydrophobic organic substances (HOCs).
mechanisms of release (e.g. parti¢lesbound or dissolved organic carbon-bound) can be more cr
brption losses of soluble HOCs on different materials with which they come in contact (e.g. bot
test and the results should be-used for leaching of organic substances only with thorough cong
specific properties of the substances in question and the associated potential problems.

E4  Forecotoxicological testing, eluates representing the release of both inorganic and organi
heeded. In this docuntent, ecotoxicological testing is also meant to include genotoxicological test

Foxicological‘methods in accordance with existing standard methods. The test is not s
tances.that are volatile under ambient conditions.

5 procédure is not applicable to materials with a dry-matter-content ratio lower than 33

1atter

under the
dry matter.
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5 test method produces eluates, which can subsequently be characterized by physical, chemical and

uitable for
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to describe all leaching properties of a soil. Additional leaching tests are needed for that extended goal.
This document does not address issues related to health and safety. It only determines the leaching
properties as outlined in Clause 4.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO

©IS

3696, Water for analytical laboratory use — Specification and test methods

02019 - All rights reserved
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ISO 5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples
[SO 7027-1, Water quality — Determination of turbidity — Part 1: Quantitative methods
ISO 10523, Water quality — Determination of pH

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

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresse

1%2]

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

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

31
leaching test
test during which a material is put into contact with a leachant (3.2) understrictly defined conditions
and some Jubstances of the material are extracted

3.2
leachant
liquid used in a leaching test (3.1)

Note 1 to enftry: For the purpose of this document, the leachantis'specified in 5.1.

3.3
eluate
solution refovered from a leaching test (3.1)

Note 1 to enftry: Eluate is also referred to as ledchate.

3.4
liquid to splid ratio
L/S
ratio between the total volume'ofliquid (L in litres), which in this extraction is in contact with the|soil
sample, anfl the dry mass of-the’sample (S in kg of dry matter)

Note 1 to enftry: L/S is expressed in 1/kg.

3.5
dry mattef content
Wdm . . o .
ratio, expressed in percent, between the mass of the dry residue, determined in accordance with
[SO 11465, and the corresponding raw mass

3.6
water content

WH,0

ratio, expressed in percent, between the mass of water contained in the material as received and the
corresponding dry residue of the material

Note 1 to entry: The basis for the calculation of the water content is the mass of the dry residue in this document,
as specified in ISO 11465 (for the determination of the water content of soil).

2 © IS0 2019 - All rights reserved
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3.7
laboratory sample
sample or sub-sample(s) sent to or received by the laboratory

3.8
test sample

sample, prepared from the laboratory sample (3.7), from which test portions (3.9) are removed for

testing or analysis

3.9
test portion

quantity of material of appropriate size for measurement of the concentration or other pn
intdrest taken from the test sample (3.8)

Note 1 to entry: The test portion can be taken from the laboratory sample (3.7) directly if nojpre-trea
sampple is required, but usually it is taken from the test sample.

Not

canpe a test portion.

3.1
soil-like material
excpvated soil, dredged materials, manufactured soils, treated soils“and fill materials(ZI

4 |Principle

The test portion, which originally or after suitable préstreatment has a particle size less th
mm, is brought into contact with water containing a low concentration (0,001 mol/1)
chlgride or demineralized water (5.1) under defined conditions. The standard method is b
assyumption that equilibrium or near-equilibriunt’is achieved between the liquid and solid ph3
the|test period. The solid residue is subsequently separated from the liquid. The separation
may strongly influence the test results and shall be particularly stringent for organic subst
properties of the eluate are measured-using methods developed for water analysis adapt
criteria for analysis of eluates, and the eluate may be subjected to subsequent ecotoxicologic

Aftér the test, the leaching conditions imposed by the material, in terms of pH, electrical c
and, optionally, DOC, redox/potential or turbidity, shall be recorded.

NOTE1 These parameters often control the leaching behaviour of soil and soil-like materials and a
impprtant for evaluatienh.ef the test results. DOC, in particular, is crucial in soil and soil materialsoil-li
for many inorganic and-organic substances.

NOTE 2  The leachant is 0,001 mol/I CaCl, to minimize the mobilization of DOC caused by an ionig
the Jeachantwhich is too low.

The procédure described in this document is based on the more stringent test requir

operties of

Ement of the

e 2 to entry: A unit or increment of proper homogeneity, size and fineness, needilrg no further preparation,

hn or equal
of calcium
sed on the
ises during
procedure
ances. The
ed to meet
al testing.

pnductivity

Ire therefore
ke materials

strength of

bments for

determining the release of organic substances and for subsequent ecotoxicological testing.

If only the

release of Imorganic substances is to be measured, less stringent requirements may be adopted for some

steps of the procedure.

5 Reagents

5.1 Demineralized water or deionized water or water of equivalent purity (5 < pH <

7,5) with a

conductivity of <0,5 mS/m in accordance with grade 3 specified in ISO 3696 made to 0,001 mol/1 CaCl,.

5.2 Calcium chloride (CaCl, - 2 H,0), analytical grade.

5.3 Sodium azide (NaN;), analytical grade.

© IS0 2019 - All rights reserved
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5.4 Nitri

c acid (HNO;), analytical grade, made to 0,1 mol/l rinsing solution.

5.5 Organic solvent (acetone, analytical grade) for rinsing and cleaning.

6 Apparatus

6.1 Borosilicate glass, of high purity in accordance with ISO 5667-3, with a nominal volume of 1 1,
glass bottles having caps of inert material, for example PTFE (polytetrafluoroethylene). Rinsing is
compulsory and it should be assured that previously used bottles have no background level of analytes.

NOTE 1 IIf only inorganic parameters are analysed, alternative materials, such as HDPE/PP bottles)

appropriate

NOTE2
place a laye

If boron an

The volum

minimize head-space in the bottle at an L/S of 10 1/kg dry matter. In the, caSe of materials with

density, de
This deviaf

NOTE 3
since the pH
itself can be
needed, wh

NOTE 4
treatment h

6.2 Glas
when samyj

6.3 End-

Other shakl
These agit|
reduction §

6.4 Filtr
high-press
to be analy|

Heat treatment of used glassware at 550 °C cang used to remove traces of analytes. However,

except for unpreserved samples for mercury analysis.

o prevent organic compounds from degradation by light use a dark room, dark colored glasswar
" of aluminium-foil around the leaching equipment.

alyses are necessary, any plastics bottles can be used, e.g. PTFE (polytetrafluoroethylen

e of 11is selected in combination with the mass, mp, of 100 g as speeified in 7.4 in ordg

viation from this requirement can be necessary while still elsuring minimum headsp
ion shall be reported.

tlass of high quality is considered adequate for both metals and organic substances, particul
range usually covered in soil testing does not reach the cenditions (pH > 10 and pH < 3) where g

partially dissolved. For ecotoxicity testing, eluates with both inorganic and organic substances
ch emphasizes the need to generate integrated eluatés:

as been shown to increase adsorption of organic substances from the air.

5 bottle, of high quality (requirements-as in 6.1) with a nominal volume of e.g. 5 1, to be y
les from replicate tests are recombined after centrifugation for further analysis or testing]

over-end tumbler (5 min=%to 10 min-1) or roller table, rotating at about 10 min~1.

are

hrly,
lass
are

this

sed

ing devices may be used provided that they can be shown to provide equivalent restlts.

htion devices are speeified because excessive abrasion leading to significant particle
hould be avoided,

Kize

htion apparatus, either a vacuum filtration device (between 2,5 kPa and 4,0 kPa) ¢r a

ire filtration apparatus (<0,5 MPa). Rinsing is compulsory. When semi-volatile substances
sed, vacuum filtration shall not be used.

are

6.5 045

um membrane filters, pre-rinsed or similarly cleaned [e.g. rinsed with 0,1 mol/l HNO, (.

5.2)

and water (5.1)] (only for analysis of inorganic substances).

The filters

NOTE

shall be chosen so as not to adsorb (or release) substances of interest.

This can be tested in preliminary experiments.

6.6 Glass fibre filters, with a degree of separation of 0,7 pm.

The filters

NOTE

6.7

shall be chosen so as not to adsorb (or release) substances of interest.

This can be tested in preliminary experiments.

Sieving equipment, with sieves of 2 mm nominal screen size.

© ISO 2019 - All rights reserved
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NOTE Due to sieving, contamination of the sample can occur to an extent which affects the leaching of some
substances of concern, e.g. chromium, nickel and molybdenum from stainless steel equipment or plasticizers
from plastic sieves.

6.8 Centrifuge, operating at 20 000 g to 30 000 g using centrifuge tubes of PFA (perfluoroalkoxy
alkane), fluorinated ethylene propylene (FEP) or tubes of an alternative material which is inert with
regard to both inorganic and organic compounds and suitable for high-speed centrifugation!8l,

NOTE Potential sorption of hydrophobic organic substances to the centrifuge tubes can be tested in
preliminary experiments.

usinmg glass bottles may be used in combination with increased centrifugation time. Coolihg shall be

Altgrnatively, if a high-speed centrifuge is not available, a centrifuge operating at 2 000-g|to 3 000 g
ied to maintain the desired temperature.

ap
6.9| Device for measuring electrical conductivity.

6.10 pH meter, in accordance with ISO 10523 with an accuracy of at least 0,05 pH units.
6.11 Thermometer, for air temperature measurement.

6.1

N

Redox potential meter, (optional).

6.13 Balance, with an accuracy of atleast 0,1 g.

6.14 Measuring cylinders, for volume determination with 1 % accuracy.
6.15 Sample splitter, for sub-sampling of labaratory samples (optional).
6.16 Turbidity meter, as specified in ISO7027-1.

6.1} Crushing equipment, a jaw crusher.
NOTE Due to particle size-reduction, contamination of the sample can occur to an extent which affects the

leaching of some substances of-concern, e.g. chromium, nickel and molybdenum from stainless steel ¢quipment.

7 |Sample pretreatment

7.1| Preparation of laboratory sample and specification of particle size

A rppresentative laboratory sample of at least 2 kg (dry matter) is obtained (e.g. as d¢scribed in
1SO| 18400-101, I1SO 18400-104, ISO 18400-105, ISO 18400-202[1013] and SO 2390914]) and shall be

q. 1 pa | 1 pa | P | 4= 4= L4090 o pa | 4= P | pupgpa | 1 3 h
storedimrcrosea pactRagesantaatow-temperatures T G, Hr oracrtoavora unrwantea ciranges 1n the

material (see e.g. [SO 18400-105[12]).

The test shall be carried out on soil or soil-like material sieved to <2 mm (e.g. as described in
1SO 1146412]). Oversized material of natural origin in the sample shall be separated and discarded. The
type and amount of all discarded material shall be reported. If oversized material of anthropogenic
origin is present and assumed to contain substances of interest, this part can be subject to alternative
sample preparation or testing.

© IS0 2019 - All rights reserved 5
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If the laboratory sample cannot be homogenized or sieved because of its water content, it is allowed in
this case only to dry the laboratory sample (e.g. as described in ISO 11464[2]). The drying temperature
shall not exceed 30 °C.

NOTE1 Sievingand drying at more than 30 °C, as well as crushing, can lead to a loss of semi-volatile substances
(inorganic and organic) and can alter the leaching characteristics (refer also to A.3.6).

NOTE 2  Due to sieving, contamination of the sample can occur to an extent that affects the leaching of some
substances of concern, e.g. chromium, nickel and molybdenum from stainless steel equipment or plasticizers
from plastic sieves.

NOTE 3 d 3% : 23 ey 3 aching pme
substances [of concer stainless steel equipment or plastitisers
from plastiq sieves.

7.2 Preparation of test sample

Use a sample splitter (6.15) or apply coning and quartering to split the laboratory sample-and obtain aftest
sample. Thg size of test sample required depends on the volume of eluate needed for|the specific purpose
and the subpsequent chemical analysis and/or ecotoxicological tests to be carried.out on the eluate.

NOTE1 Iif needed for chemical analysis or ecotoxicological testing, larger volumes of eluate can be obtajned
by combinipg eluates from replicate tests after centrifugation (or filtration), Alternatively, larger volumgs of
eluate can aflso be produced in a single test, provided that the ratios in termsof L/S and minimum headspacd are
maintained

NOTE 2  The required amount of the test sample is dependent on the)particle size distribution of the soil tp be
analysed (s¢e ISO 23909[141), The specified sample amount will genérally be adequate. In specific cases, a smaller
sample amdunt can be accepted, for instance, if for specific reasons less material is available, provided thaf the
test can be ¢arried out as specified in 7.2 to 7.4.

7.3 Det¢rmination of dry matter content and water content

The whole[test sample, complying with the size' criterion in 7.1, shall not be further dried. The water
content of the test sample shall be determiried on a separate test portion at (105 + 5) °C. If the soil sa}ple

is air-drieq prior to testing, the dry matter content wy,, of the air-dried sample shall be determined
as well. Thlis shall be taken into account when adjusting the L/S. The dry mass of the sample shalll be
determinegl at (105 £ 5) °C in accordance with ISO 11465 and the dry matter content is calculatef in

Formula (1)).

Wam =[100 X mp / my, (D

where

Wy s the'dry matter content, expressed in percent (%);

m sthemasc ofthe dried samnle exvnressediin kilgarames (ka)-
D Py 1 ] o7

myy is the mass of the undried sample, expressed in kilograms (kg).

The water content (wy,o in %) is calculated as following Formula (2):

NOTE If volatile or unstable compounds are present in the soil sample, this gravimetric method cannot be
used for accurate determination of the water content.

If, for reasons expressed in 7.1, the material was (partly) dried before sample splitting, the overall mass
loss shall be taken into account.

6 © IS0 2019 - All rights reserved
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7.4 Preparation of the test portion

Prepare, from the test sample, a test portion with a total mass m containing (100 + 5) g (measured with
an accuracy of 0,1 g, 6.13) of dry mass (mp), following Formula (3).

m=100 xmp /w4, (3)

Use a sample splitter (6.15) or apply coning and quartering to split the sample.

NOTE Sample splitting or coning and quartering can lead to loss of semi-volatile substances (inorganic and
orgd llib).

In yiew of the minimum requirements of eluate volume for analytical purposes, it may bg necessary
to Yse a larger test portion and a correspondingly larger volume of leachant. This deviation from this
document shall be specified in the test report.

If the testis performed on an air-dried sample, use wy,, opinstead of wg,, to détermine the sgmple mass
of the test portion.

8 |Procedure

8.1l Temperature
Thg compliance test for leaching shall be carried out at roomn temperature: (22 + 3) °C.

For| material that is very sensitive to biological degradation, performance of the test pt reduced
temperature (e.g. 4 °C) and preventing direct exposure to light will limit biological activity significantly.
A reduced temperature may result in slower/lower release of organic substances and hence lower
conpentrations of these compounds in the leachates. If the test is modified in this way, thi deviation
shall be reported in the test report.

8.2 Description of the procedure

8.2]1 Preparation of the elient
Prepare a solution made to ;001 M CacCl, by dissolving 0,147 g CaCl, in water and dilute to § 000 mlL

In gpecial cases (i.e.measurement of Ca and/or chloride in the eluate are of interest or the sample
exhjibits an own salf-foad), water without addition of CaCl, can also be used. The leachan{ type used
sha|l be recordedin the test report.

NOTE1  Thejapplication of demineralized water as leachant can induce higher turbidity and |lower ionic
strength in\the eluate for some types of soils (e.g. high content of organic matter) and can caude increased
congentrations of analytes adsorbed to colloids.

NOTEZ For eluates that are not to be used for ecotoxicological testing, sodium azide (NaN3) can be added
to a resulting concentration of 0,1 % in order to reduce microbial degradation of organic substances. However,
the addition of NaNj; is known to only minimize biodegradation if a very high but in turn extremely poisonous
concentration in the eluent is applied. Therefore, other appropriate measures can be considered to prevent/
reduce biodegradation in the sample or collected eluate (e.g. application of y-radiation to the sample, dark and
air-conditioned room, shorter eluate collection periods, etc). If only inorganic compounds are measured, the
addition of NaNj; is not appropriate.

8.2.2 Leaching step
Place the test portion with the total mass m corresponding to (100 + 5) g of dry mass my, in a bottle (6.1).

Depending on the particle size distribution, other test portions may be applied ensuring that a
representative portion is used (see 7.1).
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Add an amount of leachant (V| ) using a balance (6.13) or measuring cylinder (6.14), to establish a liquid
to solid ratio (L/S) of (10 = 0,2) 1/kg during the extraction, following Formula (4). Care shall be taken to
obtain good mixing of solid and liquid.

v, :[10—sz0 /(pH20x100)}<mD (4)
where
V. is the volume of leachant used (1);
mp is the dry mass of the test portion (kg);
Pio is the density of water (usually taken as 1 kg/1);
2

w is the water content for the test portion (%).
H,0

Place the cppped bottle in an agitation device (6.3). Agitate for (24 + 0,5) h.

As an alterjnative, instead of 24 h, 6 h can be adopted when it can be demonstrated that equilibriurh or
semi-equillbrium is reached or a quick turn-around time is required for\quality control purposes. In
this case, if shall be recorded that the leaching was carried out for 6 h-

Settling of|solids in the bottle during agitation shall be avoided. At the end of the agitation period,|the
bottle is removed from the agitation device.

8.2.3 Liquid/Solid separation step
Allow the quspended solids to settle for (15 + 5) min.

Transfer the supernatant to centrifuge tubes (6.8)r The centrifugation containers shall be chosen sp as
not to adsdrb (or release) analytes.

There are fwo options for centrifugation:

a) Centrifuge the eluate for 30 min(at'20 000g to 30 000g using a high-speed centrifuge (6.8, see falso
Annex|C).

b) Centrifuge the eluate for54pat 2 000g to 3 000g in glass bottles using a lower-speed centrifuge (¢.8).
Cooling shall be applied.te_maintain the temperature at (22 * 3) °C (see 8.1).
NOTE1 Based on SteKe's law, the results of both centrifugation methods are expected to be comparable. Other

alternative fombinations of centrifugation acceleration and time can be applied given comparable conditionq are
calculated related te the specification of the rotor (see guidance in Annex C).

Gentle braking of the centrifuge shall be applied in order to avoid resuspension. The deceleration time
shall not exceed 20 min.

NOTE 2  In case lightweight substances (e.g. coaly particles) are still floating after centrifugation, a glass fibre
filtration (6.6) can be applied to remove such particles or to reduce the turbidity.

After centrifugation, the eluate shall be transferred immediately to an appropriate container for
measurement of pH and redox potential (see also the next-to-last paragraph of 8.2.2) and stored for
subsequent chemical analysis and/or ecotoxicological testing. In general this eluate can be used for
both analyses of inorganic and organic substances.

If only inorganic substances are measured, the centrifugation step can be omitted, and the decanted
eluate can be filtered directly using the appropriate membrane filters (6.5) and a vacuum or pressure
filtration device (6.4), (see Annex B for an example). When this filtration as specified is not possible in
less than 1 h with a liquid flow rate of at least 30 ml/cm?2/h, a liquid-solid separation procedure, specific
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for the considered case, shall be applied. Report the details in the test report. This specific procedure
shall not include the use of additives.

NOTE 3  For inorganic substances, it is often preferable to pre-centrifuge the eluate at 2 000 g to 3 000 g for
20 min before filtration using glass bottles with a screw cap and polytetrafluoroethylene inlay (or, if possible,
using the leaching bottle directly) prior to filtration. Higher speed or longer time can also be applied (see
Annex C).

NOTE 4  Such a specificliquid-solid separation procedure can include settling, pre-filtration on a coarser filter,
centrifugation, filtration on a large-size membrane filter, filtration at high pressure, filtration at increasing high
pressure following a first period without pressure, etc.

NOTES5 Anexample of a specific liquid-solid separation procedure is given in Annex B and has begn applied to
soiljsamples.

Detprmine the volume of eluate, Vi or record the volume of the aliquot used.

Medsure immediately electrical conductivity (in mS/m) and pH of the eluate. Measurement df turbidity,
redpx potential (E}, in mV) and DOC is highly recommended.

NOTE 6 Information on DOC concentration in the eluate is is relevant both.for release of inorganic|substances,
as Well as for organic substances.

Under certain circumstances, particularly for alkaline eluates, it’is'recommended to measurg the pH of
theraw eluate prior to filtration or centrifugation, since these operations may change the pH of the eluate.

8.3| Further preparation of the eluate for analysis

If r1lecessary, divide the eluate into an appropriate>number of sub-samples for different chemical
analyses and store them in accordance with the requirements in ISO 5667-3.

Singe eluates for bio-assays should not contain-NaN; (see 8.2.1, Note 2), microbial degradation of organic
subktances may occur during the test and'during the period of eluate storage. Therefore, [it is highly
recopmmended to perform bio-assays on-gluates containing organic substances as soon as popsible after
conjpletion of the leaching test.

8.4] Blank test for the application of the leaching procedure

Blapk tests shall be carried-eut at regular intervals in order to check, as far as possible, hqw well the
whole procedure is performed. A volume of leachant of 900 ml is submitted to the whole [procedure,
stafting at 8.2.1 and~using no soil sample.

The eluate of this*blank test shall fulfil the following minimum requirements: in the elyiate of the
blank test, the\eoncentration of each considered element shall be less than 20 % of the concentration
determined.n’the eluate of the tested material or less than 20 % of the concentration in the eluate of a
lim{t valae:to which the measurement result is to be compared. The elements to be consid¢red are all
thelelements which are to be determined in the eluate of the tested material.

If the above requirements are not fulfilled, it is necessary to reduce the contamination. The blank test
results shall not be deducted from the results of the material leaching test.

The above provision does not take into account the sieving step, crushing step or the splitting step. In
order to minimize the possible contamination during these three steps, it is recommended to process
a representative portion of the laboratory sample through the sieving device, the crushing device and
through the splitting device and to discard such material thereafter. This provision does not cover the
situation described in the note under 6.6.
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9 (Calculation

The concentrations of substances in the extraction solution are measured by appropriate analytical
methods. They give concentrations in mg/l. The final result is a mass fraction, calculated on the basis of
the extract solution volume and the mass of the test portion used, in mg/kg dry matter.

Calculate the quantity of a substance leached from the material, based on the dry mass of the original

material, from Formula (5):

A= Psubst X{(VL /mD)f{WHzo /(PH20X100)-|} (5)
where
A is the release of a substance ata L/S = 10 (mg/kg of dry matter);
Psubst is the concentration of a particular substance in the eluate (mg/1);
V. is the volume of leachant used (1);
w is the water content as calculated in Formula (2);
H,0
mp is the mass of the dried test portion (kg);
Pio is the density of water (usually taken as 1 kg/1).
2

10 Test report

The test report shall include the following details:

a) areference to this document (ISO 21268:23;

b) addreds of laboratory, name of responsible person;

c) any information necessary for the\complete identification of the sample;

d) information on sample pretreatment;

e) water fontent;

f) type of leachant;

g) centrifugationspeed/force, time and type of vessels used, temperature readings;

h) detaildd description of the filtration step and results of adsorption tests on the filters appligd if
hydrophobic organic compounds are reported;

i) the test results including at least pH, electrical conductivity, measured concentrations (mg/1),
released quantities (mg/kg dry matter), and limit of detection for each substance;

j)  the blank test results;

k) any details that are optional or any deviations from the specifications of this document, and any
effects which may have affected the results.
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11 Analytical determination

11.1 General

Since the analysis step is not included in the scope of this document, the analytical method applied
together with the limit of quantification shall be reported.

11.2 Blank test information

The following shall be included in the test report:

— | date of the last blank test performed;

— |results of the blank test, including the elements considered for the tested-materipl and the
levels above which the results can be considered as valid, when compared.with thel measured
concentrations, in mg/L.

12|Performance characteristics

12.1 General

Dath on robustness, repeatability and reproducibility of selected inorganic and organic subsgtances are
avajlable from German research studies for the validation, of DIN 19529[5] based on soils ahd soil-like
materials (see Table 1 to Table 10). The test conditions are)almost the same to this documen{ except the
L/S|which was 2 1/kg and the eluent which was always:demineralized water. It can be assunjed that the
conpentrations at L/S 10 1/kg are mostly smaller inceomparison to L/S 2 1/kg which may bd then close
to detection limits. It has to be noted that particularly for organic substances this may have gn effect on
the|performance parameters of this procedure:

Membrane filtration at 0,45 pm was usedfor inorganic parameters and glass fibre filtratiop at 0,7 pm
wag used for organic compounds subsequiently to the centrifugation.

Thg maximum grain size of soils used in the validation study was either <2 mm or partly 410 mm (no
cruphing was applied during sample preparation). The results can be adopted to this document taking
intd account the limitations described.

Within the validation of the'batch leaching tests (EN 12457-1 to EN 12457-4) for waste, a contaminated
soillwas studied additionally (see References [4,17]). The tests comprise very similar test|conditions
to this document exCept demineralized water is used as leachant and there is no option| for eluate
preparation to, analyse organic substances. The validation trial was based on inteflaboratory
conjparisons using four different waste types and one contaminated soil among them.

12.2 Validation results obtained for DIN 19529

12.2°T General

All validation results were obtained in accordance with the principles of ISO 5725-1[13] and
1SO 5725-2[16],

Some of the values reported for the reproducibility, repeatability, and the number of outliers is
relatively high (particularly at low concentrations) and reflects what can currently be achieved in
testing laboratories. There are no specific criteria to determine whether these values are acceptable or
not. The values for the reproducibility and repeatability can be used to derive uncertainties associated
with testing results.
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12.2.2 Results for test material containing inorganic substances

Table 1 — Characteristics of the test material (contaminated soil-like material, <10 mm)

Parameter Dimension Value
Humidity % by weight 0,51
pH-value — 8,51
Electrical conductivity uS/cm 242,1
Carbonate content % by weight 3,77
Loss on ignfition U0 by weight T, 12
Particle de]lsity g/cm3 2,652
Grain size distribution (dry sieving, no crushing):
10 mm - 6,8 mm % by weight 2,37
6,3 mm - 2[mm % by weight 9,92
2mm - 0,68 mm % by weight 17,88
0,63 mm -{,2 mm % by weight 54,65
0,2 mm - 0J063 mm % by weight 13,81
<0,063 mm)| % by weight 1,38

Table 2 — Performance characteristics

l n ny Nyp % Sp CVp Sy Cv,

% ug/l pg/1 % pg/l %
Cr 13 23 13 36,11 1,54 0,65 42,12 0,23 14,87
Cu 35 69 8 10,39 18,24 9,29 50,94 4,56 24,98
Pb 9 17 2 10,53 2,77 4,15 150,00 3,22 116,39
Zn 24 45 10 18,18 16,32 13,41 82,18 7,49 45,90
Ni 19 37 8 17,78 4,94 3,53 71,38 1,25 25,34

[ = number of labs after outlier elimination;
n = number ¢f single results after outlier(elimination;
n, = number|of outliers;

n,p = percentage of outliers;

X =mean value;
sg = reprodufibility standard deviation;
CVy =reproqucibility-coefficient [%];

s, =repeataljility’standard deviation;

CVr =repeat hbility caefficient [On]

12.2.3 Results for test materials containing organic substances

12.2.3.1 Validation trial 1

(Based on 7 different PAH contaminated soils, sieved at 2 mm, no crushing of oversized material,
leachant demineralized water.)

(Based on 7 different soils contaminated with polycyclic aromatic hydrocarbons (PAH), sieved at 2 mm,
no crushing of oversized material, leachant demineralized water.)
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Table 3 — Results for turbidity and conditions of centrifugation for validation trial 1

Parameter | Sample Participant
1 2 3 4 5 6 7 11 13 14
Turbidity Soil 1 6,8 6,1 3,9 2,3 8,3 3,3 4,1 3,1 13 9,2
(FNU) Soil 2 51 | 48 | 10 | 25 | <20 | 10 | 30 | 27 | 33 | 125
Soil 3 3,9 2,7 <0,3 0,7 <2,0 2,7 3,2 2,2 1,6 4,8
Soil 4 1,2 — 0,3 0,3 <2,0 1,4 0,9 0,6 0,6 3,7
Soil 5 1,4 — 1,0 1,5 7,4 1,7 2,2 1,2 4,8 2,0
Soil 6 0,9 2,6 0,3 2,5 <2,0 0,5 1,3 0,3 1P 0,3
Soil 7 1,1 2,3 0,3 0,5 <2,0 0,5 1,2 0,4 27 0,3
Cerjtrifuga- Soil1to7 | 20000 | 2000 | 20000 | 17 000 | 22 000 | 8500 | 20 000 | 20-0007| 20 Q00 | 2 000
tion speed (g)
Cerjtrifuga- Soil1to 7 0,5 5,0 0,5 0,25 0,5 1,0 0,5 0,5 0,p 5,0
tion duration
(h)
Table 4 — Performance characteristics for PAH forvalidation trial 1
Parameter Sample 1 n np r:)/AOP v, K C;VR 5 v
ug/1 g/l %o g/l g/l
X PAH 13 32 0 0 244 128 52 319 13,1
Naphthalene Soil 1 12 30 0 0 13,2 7,58 58 1,58 12,0
Phdnanthrene 12 30 0 0 48,4 24,4 50 8,33 17,2
Pyilene 12 29 3 9 4,24 2,52 59 0,63 14,8
X PAH 12 29 3 9 101 50,3 50 10,1 10,0
Naphthalene Soil 2 12 30 0 0 6,38 3,55 56 0,93 14,6
Phdnanthrene 11 27 3 10 20,0 9,94 50 1,47 7,3
Py1iene 12 29 3 9 1,36 0,68 50 0,19 14,3
X PAH 13 32 0 0 144 78,9 55 15,2 10,6
Naphthalene Soil 3 12 30 0 0 10,9 6,09 56 1,23 11,3
Phdnanthrene 12 30 0 0 35,2 18,3 52 3,49 99
Pyiene 13 32 0 0 1,85 1,02 55 0,18 9,7
X PAH 11 26 3 10 86,8 55,4 64 11,0 12,7
Naphthalene Soil 4 11 27 0 0 5,04 3,29 65 0,62 12,3
Phdnanthrene 10 24 0 0 19,6 11,2 57 1,96 10,0
Py1iene 12 29 0 1,49 0,92 62 0,18 12,4
[ =umber of labs after outlier elimination;
n = number of single results after outlier elimination;
ny = number of outliers;
nyp = percentage of outliers;
X =mean value;
sp = reproducibility standard deviation;
CVy = reproducibility coefficient [%];
s, = repeatability standard deviation;
CV, = repeatability coefficient [%)].
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Table 4 (continued)

Nap X Sp CVp S, cv,
Parameter Sample [ n np o .
0 ug/1 g/l %o g/l g/l
X~ PAH 9 17 7 29 2,13 1,90 89 0,11 5,2
Naphthalene Soil & 7 14 1 7 0,215 0,17 79 0,11 53,0
Phenanthrene 9 17 7 29 0,643 0,88 137 0,034 5,3
Pyrene 9 18 2 10 0,115 0,07 59 0,019 16,5
Y PAH 12 28 3 10 412 282 68 326 Z
Naphthalerje Soil 6 11 26 0 0 11,4 7,24 64 1,54 13)5
Phenanthr¢ne 12 29 0 0 83,3 56,0 67 11,4 13)6
Pyrene 13 30 0 0 5,77 3,73 65 0,53 9,2
Y PAH 13 31 0 0 779 53,6 69 10,2 13)1
Naphthalerje Soil 7 10 23 0 0 1,31 0,78 60 0,24 18)5
Phenanthr¢ne 12 27 0 0 24,3 14,0 57 1,45 6,
Pyrene 13 31 0 0 1,56 0,93 59 0,16 10J0

[ =number o
n = number
ny = number

n,p = percern

X =meanv
Sg =reproduyj
CVp =reprog

s, =repeatal

f labs after outlier elimination;
f single results after outlier elimination;
of outliers;

tage of outliers;

lue;
cibility standard deviation;
ucibility coefficient [%];

ility standard deviation;

CV, = repeathbility coefficient [%)].
12.2.3.2 Validation trial 2
The validafion trial was based on two different reference soils which were mixed with contamingted
soil-like material to four test materidls.
Demineraljzed water was applied as leachant.
Table 5 — Characteristics of the reference soils used for preparation of test materials
Test material Soil type pH Corg CEC ¢
— weight% mmol_/kg
Soil| TE clayey loam 4,97 3,52 118
Soil MS medium sand 8,48 0,64 8,3

both soils were sieved at 2 mm, no crushing of oversized material

Sample codes as listed in Tables 6 to 10:

TL-PAH/PCB
TL-PH/TPH/PAH
MS-PAH/PCB
MS-PH/TPH/PAH

14

soil (clayey loam) contaminated with PAH and PCB, <2 mm;

soil (clayey loam) contaminated with phenols, TPH and PAH, <2 mm;

soil (medium sand) contaminated with PAH and PCB, <2 mm;

soil (medium sand) contaminated with phenols, TPH and PAH, <2 mm.
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Parameter Soil Unit 1 n ny Npp % Sp CVp S, Cv,

Turbidity TL-PAH/PCB FNU 12 22 2 8,3 39 2,9 73,4 0,3 8,0
TL-PH/TPH/PAH FNU 9 19 0 99 6,1 61,5 39 39,5
MS-PAH/PCB FNU 11 21 8,7 49 4,6 93,9 0,2 4,8
MS-PH/TPH/PAH | FNU 8 17 15,0 2,0 19 93,6 0,8 41,8

DOC TL-PAH/PCB mg/l | 11 22 0 52,7 219 | 41,5 2,0 39
TL-PH/TPH/PAH | mg/l | 7 | 15 | 2 | 118 | 4515 | 481 | 106 | 147 | 3,3
MS-PAH/PCB mg/l | 10 20 2 9,1 19,4 5,6 28,7 0 4,6
MS-PH/TPH/PAK | mg/l 8 17 0 440,8 | 25,2 5,7 25,2 57

pH TL-PAH/PCB — 11 21 0 7,61 0,29 3,8 0,08 1,0
TL-PH/TPH/PAH — 9 19 0 7,09 0,24 3,4 0,14 2,0
MS-PAH/PCB — 10 21 0 8,09 035 4,3 0,17 2,1
MS-PH/TPH/PAH — 8 16 3 15,8 7,87 0753 6,7 0,17 2,1

[ = qumber of labs after outlier elimination;

n = humber of single results after outlier elimination;

ny 4 number of outliers;

n,pl= percentage of outliers;

X 3 mean value;

sg =|reproducibility standard deviation;

CVyl=reproducibility coefficient [%];

s, =|repeatability standard deviation;

CV.[ repeatability coefficient [%)].

Table 7 — Performange characteristics of PAH for validation trial 2
Parameter Soil Unit [ n Ny | Mypp X SR CVp 9 Cv,

TL-PAH/PCB pg/l | 12 22 3 12,0 3,7 2,6 70,7 04 10,0
TL-PH/TPH/PAH pug/l | 12 24 0 271,6 | 126,2 | 46,5 24,0 8,8

Naphthalene
MS-PAH/PCB pg/l | 15 28 0 12,6 8,9 70,3 33 26,6
MS<PH/TPH/PAH pg/l | 11 21 12,5 | 339,2 | 140,1 41,3 23,5 6,9
TE-PAH/PCB ug/l | 14 | 26 71 4,0 2,7 65,7 0J3 6,2
TL-PH/TPH/PAH pug/l | 11 23 4,2 5,6 3,0 54,1 0J8 14,7

Acdnaphthene
MS-PAH/PCB pg/l | 16 | 29 0 27,2 16,8 61,7 4|2 15,5
MS-PH/TPH/PAH ng/l | 11 22 2 8,3 10,3 5,8 56,4 0J6 6,2

[ = number of labs after outlier elimination;

n = number of single results after outlier elimination;

n, = number of outliers;

nyp = percentage of outliers;

X =mean value;

sp = reproducibility standard deviation;

CVy =reproducibility coefficient [%];

s, =repeatability standard deviation;

CV, = repeatability coefficient [%)].
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Table 7 (continued)
Parameter Soil Unit ! n Ny | Npp X SR CVp Sr Cv,
TL-PAH/PCB ug/l | 13 | 24 | 4 | 143 | 1,8 | 14 | 763 | 02 | 96
Fluorene TL-PH/TPH/PAH | pg/l | 12 | 24 0 | 190 | 11,1 | 582 | 23 | 123
MS-PAH/PCB nug/l | 14 | 26 2 71 11,8 99 83,8 0,9 7,3
MS-PH/TPH/PAH ug/l 12 24 0 15,3 16,5 1079 2,5 16,6
TL-PAH/PCB ng/l | 11 | 19 | 5 | 208 | 1,3 | 1,4 | 1064 | 01 | 90
TL-PH/TPH/PAH ug/l | 12 | 23 0 255 | 131 51,3 2,5 10,0
Phenanthr¢ne
MS-PAH/PCB pg/l 14 26 2 7,1 12,1 11,6 95,9 1,4 11,9
MS-PH/TPH/PAH nug/l | 12 | 24 0 38,0 | 15,0 39,6 3,2 8|5
TL-PAH/PCB ug/l 13 25 3 10,7 1,5 1,0 64,4 0,5 31,3
TL-PH/TPH/PAH ug/l 11 22 2 8,3 4,3 2,3 53,7 0,2 5]0
Anthraceng
MS-PAH/PCB wg/l | 11 | 21 | 6 | 222|123 | 98 | 8l | 05 | 39
MS-PH/TPH/PAH ug/l | 12 | 24 0 10,1 4,4 43,1 0,9 8|5
TL-PAH/PCB nug/l | 14 | 26 2 7,1 0,7 0,3 48,6 0,1 8|3
TL-PH/TPH/PAH | pg/l | 11 | 23 0 40 | 33 | 819 | 29 | 715
Fluoranthephe
MS-PAH/PCB ug/l | 16 | 29 0 4744 25 | 543 | 07 | 141
MS-PH/TPH/PAH | pg/l | 10 | 21 | 2 | 87 | ®48/| 26 | 536 | 08 | 114
TL-PAH/PCB pg/l | 13 | 23 5 17,9 0,3 0,2 68,9 0,01 4{7
Pyrene TL-PH/TPH/PAH pug/l | 10 | 21 2 8,7 1,9 0,8 449 0,2 8J2
MS-PAH/PCB ng/l | 14 | 27 | 1 <86 | 22 | 1,0 | 460 | 04 | 194
MS-PH/TPH/PAH ug/l 10 20 2 91 29 1,2 43,2 0,3 11,6
TL-PAH/PCB ng/l 5 8 5 38,5 | 0,02 | 0,01 39,1
Benzo(a) TL-PH/TPH/PAH ng/l 9 18 1 5,3 0,23 | 0,09 40,0 0,03 | 14,2
anthraceng MS-PAH/PCB pg/l | 12:f022 2 8,3 0,21 | 0,27 | 131,6 | 0,02 | 11,2
MS-PH/TPH/PAH ug/l 8 17 3 15,0 | 0,30 0,10 34,2 0,06 21,5
TL-PAH/PCB ng/A 6 | 11 | 3 | 21,4 | 0,02 | 0,01 | 50,0 | 0,01 | 29,0
Chrysene TL-PH/TPH/PAH pgMd | 10 | 19 0 0,19 | 0,08 41,4 0,03 | 14,3
MS-PAH/PCB pg/l | 10 | 20 3 13,0 | 0,01 | 0,04 429 0,02 | 21,4
MS-PH/TPH/PAH ng/l 9 18 3 14,3 | 0,23 | 0,08 36,0 0,06 | 249
TL-PAH/PGB ug/l | 2 | 4 | 5 | 556 | 0,01
Benzo(b) TL-PH/TRH/PAH | pg/1 | 7 | 14 | 3 | 176 | 0,07 | 0,02 | 21,7 | 0,01 | 141
fluoranthepe |MS-PAHYPCB wg/l | 7 | 14 | 3 | 176 | 0,04 | 0,01 | 351 | 0,01 | 243
MS=PH/TPH/PAH pg/l 5 11 3 21,4 | 0,08 | 0,04 449 0,03 | 372
[ = number of labs‘after outlier elimination;

n = number Of SINZIE TESUITS after outller ellmination;
n, = number of outliers;

n,p = percentage of outliers;

X =mean value;
sp = reproducibility standard deviation;
CVy = reproducibility coefficient [%];

s, =repeatability standard deviation;

CV,. = repeatability coefficient [%].
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Table 7 (continued)

Parameter Soil Unit | [ n Ny | Mpp X SR CVg Sr Cv,
TL-PAH/PCB pg/l 14 26 2 7,1 0,7 0,3 48,6 0,1 8,3
TL-PH/TPH/PAH ug/l 11 23 0 4,0 3,3 81,9 2,9 71,5

Fluoranthene
MS-PAH/PCB ng/l 16 29 0 4,7 2,5 54,3 0,7 14,1
MS-PH/TPH/PAH ng/l 10 21 2 8,7 4,8 2,6 53,6 0,8 17,4
TL-PAH/PCB g/l 3 5 4 44,4 | 0,01 | 0,02 128,6
Benzo(k) TL-PH/TPH/PAH ug/l 8 16 0 0,06 | 0,05 852 0,02 | 32,8
flugranthene |MS-PAH/PCB ug/l | 7 | 14 | 3 | 176 | 0,02 | 0,01 | 368 |[O¢o4| 21,1
MS-PH/TPH/PAH pg/l 6 13 0 0,05 | 0,04 73,k 0,94 | 673
TL-PAH/PCB g/l 4 7 56,3 | 0,03 | 0,04 116,7 0,91 | 20,0
Benjzo(a) TL-PH/TPH/PAH ng/l 8 14 12,5 | 0,09 | 0,06 64,7 0,91 | 11,8
pyriene MS-PAH/PCB ng/l 7 14 17,6 | 0,03 | 0,02 571 0,91 | 21,4
MS-PH/TPH/PAH pg/l 7 14 0 0,11 0,11 101,8 0,96 | 569
TL-PAH/PCB pg/l 5 9 0 0,02+70,03 137,5 0,01 | 45,8
Benjzo(g,h,i) TL-PH/TPH/PAH ng/l 5 9 2 18,2 | 0503 | 0,02 48,4 0,91 16,1
perpylene MS-PAH/PCB g/l 6 11 3 21,44 0,02 | 0,01 41,2 0,004 | 23,5
MS-PH/TPH/PAH ng/l 4 8 0 0,10 | 0,12 117,3 0,07 | 62,5
TL-PAH/PCB pg/l 2 4 5 55,6
Diblenzo(a,h) TL-PH/TPH/PAH ng/l 4 6 0 0,02 | 0,01 55,6 0,01 | 55,6
anthracene MS-PAH/PCB ng/l 2 4 5 55,6
MS-PH/TPH/PAH ng/l 4 6 0 0,04 | 0,04 105,4 0,92 | 541
TL-PAH/PCB pg/l 3 5 4 44,4 | 0,01 | 0,02 164,3
L‘;f%i'z 3-cd) TL-PH/TPH/PAH ug/l | “67 | 10 3 1231|005 ]| 001 | 298 | 091 | 10,6
pytlene MS-PAH/PCB ug/l)° 3 | 5 | 6 | 545 | 0,04 | 0,08 | 1929
MS-PH/TPH/PAH pg/1 7 12 0 0,15 | 0,13 91,2 0,06 | 40,8
TL-PAH/PCB ng/l | 13 25 2 7,4 13,5 8,3 61,8 2|6 19,4
sum TL-PH/TPH/PAH ng/l 11 22 0 385,1 | 227,2 59,0 273 7,1
15 PAH MS-PAH/PEB pug/l | 13 25 74 88,3 | 509 57,6 5)2 5,8
MS-PH/FPH/PAH ng/l 10 19 13,6 |468,5| 199,3 | 42,5 11,7 2,5
| = jumber of labs after,outlier elimination;
n = humber of singlé€ Tesults after outlier elimination;
ny 4 number of outliers;
n,pl= percentage of outliers;
x {1h€an value;
sg = reproducibility standard deviation;
CVy = reproducibility coefficient [%];
s, =repeatability standard deviation;
CV, = repeatability coefficient [%)].
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Table 8 — Performance characteristics of PCB for validation trial 2

Parameter Soil Unit l n ny Npp % Sp CVpy S, CV.
PCB 28 + 31 |TL-PAH/PCB pug/l | 13 | 26 1 3,7 0,025 0,014 | 56,0 | 0,005 | 20,0
MS-PAH/PCB pug/l | 14 | 26 0 0,097 | 0,074 | 76,3 | 0,013 | 13,4

PCB 52 TL-PAH/PCB pg/l | 13 | 25 2 74 0,206 | 0,107 | 519 | 0,022 | 10,7
MS-PAH/PCB ng/l | 14 | 26 0 0,764 | 0,396 | 51,8 | 0,105 | 13,7

PCB 101 TL-PAH/PCB ug/l 12 24
MS-PAH/PCR pg/l 13 25
PCB 153 TL-PAH/PCB ng/l 11 22
MS-PAH/PCB ng/l 12 23
PCB 138 TL-PAH/PCB ng/l 11 22
MS-PAH/PCB ng/l 12 23
PCB 180 TL-PAH/PCB pg/l 12 23
MS-PAH/PCB ug/l 12 21
sum PCB TL-PAH/PCB ug/l 12 24
MS-PAH/PCB ng/l 12 23

I = number of labs after outlier elimination;

11,1 0,118 0,040 339 0,021 17,8
38 0316 0,131 415 0,060 19,0
18,5 0,045 0,015 33,3 0,004 3
11,5 0,095 0,051 53,7 0,018 14
18,5 0,058 0,022 379 0/006 14
11,5 0,122 0,064 | 52,5 0,017 13
8,0 0,150 0,006 4,0 0,003 2
12,5 0,027 0,013 4871 0,004 14
7,7 0,460 0,158 34,3 0,052 11,
8,0 1,569 0,770 49,1 0,108 6

‘\o\O

w

o

o

w [

NIMNMNfWIMNMNW Olw|ul|P|W

O

n = number ¢f single results after outlier elimination;
n, = number|of outliers;

nyp = percenftage of outliers;

X =mean vilue;

sg = reprodufibility standard deviation;
CVy =reproducibility coefficient [%];

s, = repeataljility standard deviation;

CV,. = repeatpbility coefficient [%].

Table 9 — Performance characteristics of PCB and TPH for validation trial 2

Parametdr Soil Unit | |/ n ny Npp 5 SR CVy S, cy,
TPH TL-PH/TPH/PAH. | ng/l | 8 16 2 11,1 | 4119 | 121,2 | 294 77,0 14,7
C10-Cyp MS-PH/TPH/PAH | pg/1 | 10 | 21 0 0 589,8 | 353,5| 599 | 121,5 | 20,6
TPH TL-PH/TRH/PAH | pg/1 | 10 | 19 0 0 602,2 | 338,6 | 56,2 64,7 14,7
C10-Cao MS-PH/TPH/PAH | pg/1 | 10 | 21 0 0 7049 | 4541 | 64,4 | 1189 | 149

[ = number of labs after outlier elimination;

n = number ¢f'single results after outlier elimination;

n, = number of outliers;

n,p = percentage of outliers;

X =mean value;

sg = reproducibility standard deviation;
CVy =reproducibility coefficient [%];

s, =repeatability standard deviation;

CV, = repeatability coefficient [%].
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Table 10 — Performance characteristics of phenols for validation trial 2

Parameter Soil Unit | [ n ny Npp % Sp CVp s, Cv,

phenol TL-PH/TPH/PAH g/l | 7 14 0 0 709 323 45,6 170 24,0
MS-PH/TPH/PAH g/l | 7 15 0 0 995 982 98,7 371 37,3

2-methyl TL-PH/TPH/PAH ug/l | 7 14 0 0 14,5 7,4 51,4 3,8 26,1

phenol MS-PH/TPH/PAH pg/l | 7115 | 0 0 1283 | 1052 | 82,0 | 497 38,7

(o-cresol)

3-methyl TL-PH/TPH/PAH pg/l | 6 11 3 21,4 933 330 354 | 809 8,7

phqnol MS-PH/TPH/PAH | pg/l | 7 | 15 | 0 0 | 1876 | 1275 | 68,0 | 666l | 355

(m-cresol)

4-npethyl TL-PH/TPH/PAH pug/l | 5 9 2 18,2 6,6 19 29;2 1,5 22,7

phqnol MS-PH/TPH/PAH pg/l | 6 | 13 | 0 0 1366 | 705 | (31,6 | 487 35,6

(p-fresol)

2,6fdime- TL-PH/TPH/PAH pug/l | 5 9 0 0 1,7 )5 90,3 1,2 72,6

thyl phenol fviq py/TpH/PAH | pg/t |3 6 | 7 | 538 | 45 [ 18 | 410 | 07| | 155

3,4tdimethyl |TL-PH/TPH/PAH ug/l | 4 7 3 30,0 4.4 1,6 35,2 0,4 8,0

phqnol MS-PH/TPH/PAH ng/l | 6 | 13 | 0 0 507 | 209 | 41,2 | 140 27,7

surh phenols |TL-PH/TPH/PAH pug/l | 6 12 0 0 2055 | 1148 | 559 949 46,2
MS-PH/TPH/PAH g/l | 7 15 0 0 5966 | 4216 | 70,7 | 222] 37,2

| = jumber of labs after outlier elimination;

n = humber of single results after outlier elimination;

n, 4 number of outliers;

nyp[F percentage of outliers;

X 9 mean value;

sg =|reproducibility standard deviation;

CVg=reproducibility coefficient [%];

s, =[repeatability standard deviation;

CV.[ repeatability coefficient [%].
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Annex A
(informative)

Information on the influence on the test results of the parameters
that affect leaching

A.1 Ovefview

In this anngx, information is provided on the possible sources of variability. It mostly addresses’leaching
of inorganilc substances, but some specific problems associated with the application of this’documert to
the leachinfg of organic substances are briefly addressed in A.3.5.

A.2 General aspects

The leachipg of substances from soil and soil-like material is controlled<by several parameters and
external f3ctors. These factors include the chemical nature of the material, especially in terms of|pH,
reducing groperties and degradable-organic-matter content, the nature of the leachant, the confact
time of thd leachant with the material and whether leaching of substances is controlled by solubllity
or by diffysion. Furthermore, the chemical, physical and geotechnical nature of the environmenit to
which the [material is exposed are important. The influence>and importance of these factors shquld
be examingd in the basic characterization tests in order that the leaching behaviour of the materigl is
better undprstood. In EN 12920[4], the steps required toachieve such a determination are specified for
waste. A similar approach can be followed for soil and-s6il-like material. This generally requires sevgral
tests to be performed, the use or establishment of a.behavioural model and the validation of the model.

It is to be njoted that, in this compliance test, thefinal conditions of the test are imposed by the matqrial
itself. The key factors in this test are briefly-addressed in A.3.

A.3 Factors influencing leaching

A.3.1 Influence of contact time

The compliance test is baseéd on the assumption that equilibrium or semi-equilibrium is readhed
under test[conditions. Theontact time required to reach the state of equilibrium or semi-equilibrjum
depends on the combination of the soil type and the substances to be investigated. There are sevpral
factors that can affect the leaching amount, as reactions such as dissolution-precipitation, adsorptjon-
desorption, catiofirexchange, microbial activity, etc. can be active simultaneously during the leaching
process. The-particle size of soil and soil type, such as marine soil, volcanic soil, organic soil, etc.,|are
important [3 letermine how fast equilibrium or semi-equilibrium is reached

In spite of experimental work to determine the appropriate length of agitation time required to reach
equilibrium or semi-equilibrium conditions, the information has not been conclusive, as for some
substances stable (equilibrium) conditions are reached, whereas for others this condition is not met.
Within 24 h, a stable condition is considered to be sufficiently approached for many parameters from a
variety of materials.

For soils which have been exposed to leaching in the field, equilibrium conditions can often be expected,
which explains why, for some substances, 80 % to 100 % of concentrations obtained after 24 h agitation
were already obtained after 6 h of agitation.
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This implies that, in specific cases, 6 h can be sufficient (to be demonstrated). For quality control
purposes, a short contact time can be necessary in view of the turn-around time, and results for the
shorter contact time can be sufficiently close to justify its use.

A.3.2 Influence of the liquid to solid ratio (L/S)

In the two standards worked out in parallel (ISO 21268-1 and -2), different L/S are specified (10 and
2), leading generally to different test results. This is caused, on the one hand, by different quantities of
leachant being put into contact with the same quantity of material and, on the other hand, by different
leaching conditions dictated by the material itself (as a result of the compounds of the material dissolved
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.5 Factors influencing the leaching of organic substances
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.6 Special requirements for tests considering semi-volatile substances

For the preparation of samples containing semi-volatile substances, size reduction has to be avoided (see
7.2). Preferably, cooling measures should be taken into account if particle size reduction is necessary in
that case e.g. due to the presence of anthropogenic material in the sample.

A.4 Analytical versus leaching test errors

Since poor repeatability can be attributed to measurements close to the detection limit, it is recommended
to apply analytical methods with sufficient sensitivity. In some cases, poor repeatability can be attributed

toa

n extreme sensitivity to relatively small changes in the final pH in the extract (see A.3.3).
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