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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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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
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all of the relevant aspects of leaching behaviour can be addressed in one standard.

ic characterization” tests are used to obtain information on the short- and,long-ter
aviour and characteristic properties of materials. Liquid/solid ratios (L/S),Adeachant cq
ors controlling leachability, such as pH, redox potential, complexing capacity, role o
hnic carbon (DOC), ageing of material and physical parameters, are addressed in these de

mpliance” tests are used to determine whether the material complies)with a specific bg
h specific reference values. These tests focus on key variables and)leaching behaviour

identified by basic characterization tests.
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-site verification” tests are used as a rapid check to confifnr that the material is the sg
ch has been subjected to the compliance test(s). On-Site verification tests are not
hing tests.

test procedure described in this method belongs-to’category a) “Basic characterization”

5 document was originally elaborated on the basis of CEN/TS 14429:2005. Especially, mg
Kidering requirements on subsequent ecotexicological testing and analysis of organic
e been included. Validation results havedbeen adopted from US-EPAI2].
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chemical and ecotoxicological testing of soil and soil-like
materials —

Part 4:
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Scope

5 document specifies a test to obtain information on the short- and longrterm leaching
characteristic properties of materials.

document has been developed to measure the pH-dependent release of inorganic a
stances from soil and soil-like material as well as to produce eluatestor subsequent ecotd
ing. For ecotoxicological testing, see [SO 15799 and ISO 17616. The equilibrium condition
his document, is established by the addition of predetermined amounts of acid or ba

red final pH values.
E1  Volatile organic substances include the low molecularweight substances in mixtures such af

E2 It is not always possible to optimize test.€onditions simultaneously for inorganic
tances and optimum test conditions can also vaty between different groups of organic subs

tirements for organic substances are generally miore 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. particle-bound 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  Forecotoxicelogical testing, eluates representing the release of both inorganic and organi
heeded. In this decument, ecotoxicological testing is meant to include genotoxicological testing.

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

lition

behaviour

hd organic
xicological
as defined
e to reach

mineral oil.

nd organic
fances. Test
es. The test
fo inorganic

Within the category of organie'substances, a significant difference in behaviour exists lpetween the

[n the latter
icial as well
tles, filters).
ideration of

substances

test methed produces eluates, which can subsequently be characterized by physical, chemical and

uitable for

thepurposes of ecotoxicological tests, the relevant pH range (see 8.2) will usually be pH

5topHO.

This test is mainly aimed at being used for routine and control purposes, and it cannot be used alone
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 outlined in Clause 5.

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

3696, Water for analytical laboratory use — Specification and test methods
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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 6.1

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 litres per kilogram (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

w
H,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


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=3f16003475e0c124e6fe69aea704bc73

1SO 21268-4:2019(E)

3.7
laboratory sample
sample or subsample(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 prioperties of
intgrest 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 no.pré-treafment of the
sampple is required, but usually it is taken from the test sample.

Notg¢ 2 to entry: A unit or increment of proper homogeneity, size and fineness, needing no further preparation,
canpe a test portion.

3.10
soil-like material
excavated soil, dredged materials, manufactured soils, treated soils‘and fill materials

4 |Principle

The test portions, which originally or after suitable prétreatment have a particle size less thhn or equal
to 2 mm, are brought into contact with water containing a low concentration (0,001 mol/l)|of calcium
chlgride or demineralised water (5.1) under defified conditions. Several separate test portfions (up to
eight) are leached at a fixed L/S ratio (L/S =.10"1/kg) with leachants containing different preselected
amounts of acid or base in order to reach stationary pH values at the end of the extraction period (see
8.4). Each leachant is added in three stepsin the beginning of the test. In the full test, eight final pH-
valyies are required, covering the range’pH 4 to pH 12 (both included, i.e. the lowest valug¢ 4 and the
highest value 12). The amount of acid or base needed to cover the pH range can be deriveld from the
resfilts of a preliminary titration, from available experimental data on the material to bge tested or
from an arbitrary division of the predetermined maximum consumption of acid and base. Tlje tests are
cartied out at a fixed contdcttime at the end of which an equilibrium condition can be assyimed to be
reathed for most substances in most soil-like materials to be characterized. The equilibrium] condition,
as defined in this documient, is verified at the end of the extraction period.

The results are exprvessed in milligrams per litre (mg/1) of substances for each final pH valye. For each
fingl pH value;.the quantity of acid that is added is also expressed in mol H*/kg dry matter and the
quantity of base that is added is expressed as negative mol H*/kg dry matter.

NOTE 1, \/This test may also be performed using continuous pH control. The results are generally consistent
(seel Annex B).

NOTE 2  Other expressions of results are possible (including mg/kg of dry matter).

From the amount of acid and base used to reach a given end pH, the acid neutralization capacity (ANC)
or base neutralization capacity (BNC) of the soil or soil-like material can also be determined.

NOTE 3  The pH range covered by the test can be restricted to a pH range relevant for the specific material and
the considered problem (see 8.2).

NOTE4  The leachant is made with 0,001 mol/I CaCl, to minimize the mobilization of DOC caused by a too-

low ionic strength of the leachant. At the level of 0,001 mol/I CaCl, the complexation of metals with chloride is
considered to be negligible.

© IS0 2019 - All rights reserved 3
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The substances in the eluate(s) are measured using methods developed for water analysis adapted
to meet criteria for analysis of eluates. The eluate may also be applied for subsequent ecotoxicity or
genotoxicity testing.

After the test, the leaching conditions (in terms of pH, electrical conductivity, DOC and, optionally,
turbidity and redox potential dictated by the material) are recorded.

NOTES5 These parameters often control the leaching behaviour of soil-like materials and are therefore
important for checking the leaching test.

5 Reag ents

Reagents used shall be of analytical grade purity.

5.1 Demjineralized water or deionized water or water of equivalent purity (5 <gpH < 7,5) with
a conductiyity of < 0,5 mS/m in accordance with grade 3 specified in ISO 3696 made to 0,001 mol /1 CaCl,.

5.2 Calcjum chloride (CaCl, - 2 H,0), analytical grade.
5.3 Sodipm azide (NaN3), analytical grade.
5.4 Nitric acid (pro-analysis) (HNO5), 0,1 mol/l to 5 mol/l, and 0;1"mol/I rinsing solution.

5.5 Sodipm hydroxide (NaOH) or potassium hydroxide (KOHJ, 0,1 mol/I to 5 mol/L

NOTE The use of KOH instead of NaOH may enhance the leaching of certain cations such as NH,* and Cq* by
cation exchgnge.

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

6 Apparatus

6.1 Borgsilicate glass, of high putity in accordance with ISO 5667-3, with a nominal volume of|1 ],
glass bott]es having caps of ineft material, for example PTFE (polytetrafluoroethylene). Rinsin[F is
compulsory, and it should be assuréd that previously used bottles have no background level of analyte

NOTE1 If only inorganic parameters are analysed, alternative materials such as HDPE/PP bottles|are
appropriate, except for uppreserved samples for mercury analysis.

NOTE 2  To preventorganic compounds from degradation by light use a dark room, dark colored glasswaile or
place a layer of aluminium-foil around the leaching equipment.

If Boron arjalyses are necessary, any plastics bottles can be used, e.g. PTFE (polytetrafluoroethyleng).

The volume of 11is selected in combination with the mass, my, of 60 g, in order to minimize headspace
in the bottle. For my = 15 g and 30 g, bottle sizes of, respectively, 250 ml and 500 ml shall be used. In
the case of materials with low density, deviation from this requirement can be necessary while still
ensuring minimize headspace. This deviation should be reported.

NOTE 3  Glass of high quality is considered adequate for both metals and organic substances, particularly since
the pH range usually covered in soil testing does not reach the conditions (pH > 12 and pH < 3) where the glass
itself may be partially dissolved. For ecotoxicity testing, eluates with both inorganic and organic substances are
needed, which emphasizes the need to generate integrated eluates.

NOTE4  Heat treatment of used glassware at 550 °C can be used to remove traces of analytes. However, this
treatment has been shown to increase adsorption of organic substances from the air.

4 © IS0 2019 - All rights reserved
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6.2 End-over-end tumbler (5 min~1 to 10 min-1) or roller table, rotating at about 10 min-1. Other
shaking devices may be used, provided that they can be shown to provide equivalent results. These

agitation devices are specified because excessive abrasion leading to significant particle size reduction
should be avoided.

6.3 Filtration apparatus, either a vacuum filtration device (between 2,5 kPa and 4,0 kPa) or
a high-pressure filtration apparatus (< 0,5 MPa). Rinsing is compulsory. When semi-volatile substances

are

to be analysed, vacuum filtration shall not be used.

6.4 0,45 um membrane filters, prerinsed or similarly cleaned (e.g. rinsed with 0,1 mol/l HNO; (5.4)

and
Thd

NOT

6.5
Thd

NOT

6.6

NO']
sub
fron

6.7
pro
cony

NOTI

preliminary experiments.

Alte
usi
ap
6.8
6.9

6.1

water (5.1) (only for analysis of inorganic substances).
filters shall be chosen so as not to adsorb (or release) substances of interest.

E This can be tested in preliminary experiments.

Glass fibre filters, with a degree of separation of 0,7 pm.
filters shall be chosen so as not to adsorb (or release) substances of interest.

E This can be tested in preliminary experiments.

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

tances of concern, e.g. chromium, nickel and molybdenum from stainless steel equipment or
n plastic sieves.

Centrifuge, operating at 20 000 g to 30 000 g using centrifuge tubes of FEP (fluorinats
pylene) or tubes of an alternative material, which is inert with regard to both inorganic ¢
pounds and suitable for high-speed centrifugation.

E Potential sorption of hydrophobic organic substances to the centrifuge tubes can H

rnatively, if a high-speed centrifuge is not available, a centrifuge operating at 2 000 g
g glass bottles may bewused in combination with increased centrifugation time. Cooli
ied to maintain the desired temperature.

Devicé for measuring electrical conductivity.

) pH meter, in accordance with ISO 10523.

E Due to sieving, contamination of the sample can occur to an extent which affects the leaching of some

plasticisers

bd ethylene
nd organic

e tested in

to2500 g
hg shall be

Glass bottles)with screw cap and PTFE (polytetrafluoroethylene) inlay for centrifugatipn.

6.11 Redox potential meter (optional).

6.12 Balance, with an accuracy of at least 0,1 g.

6.13 Sample splitter, for sub-sampling of laboratory samples (optional).

6.14 Turbidity meter, as specified in ISO 7027-1.

6.15 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 equipment.

© IS0 2019 - All rights reserved
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7 Sample pretreatment

7.1 Preparation of laboratory sample and specification of particle size

A representative laboratory sample of at least 2 kg (dry matter) is obtained (e.g. as described in
ISO 18400 series and ISO 23909) and shall be stored in closed packages and at low temperatures (4 °C),

in order to

avoid unwanted changes in the material (see e.g. ISO 18400-105).

The test shall be carried out on soil or soil-like material sieved to < 2 mm (e.g. as described in
ISO 11464). Overslzed materlal of natural orlgln in the sample shall be separated and dlscarded The

origin is p
sample pr

If the labo
this case o

shall not ex

q

J

NOTE 1
(inorganic 3

NOTE 2
substances
from plastid

esent and assumed to contaln substances of 1nterest this part can be sub]ect to alterna
paration or testing.

atory sample cannot be homogenised or sieved because of its water content, it i$ allowe
nly to dry the laboratory sample (e.g. as described in ISO 11464). The drying temperat
ceed 30 °C.

ieving and drying at more than 30 °C, as well as crushing, can lead to a loss gf'semi-volatile substa
nd organic) and can alter the leaching characteristics).

IDue to sieving, contamination of the sample can occur to an extent that affects the leaching of s

of concern, e.g. chromium, nickel and molybdenum from stainless steel equipment or plastici
sieves.

7.2 Pre

aration of test sample

Use a sample splitter (6.13) or apply coning and quartering to.split the laboratory sample and obtain a
sample. ThE size of test sample required depends on the volume of eluate needed for the specific pury

and the sulpsequent chemical analysis and/or ecotoxicalogical tests to be carried out on the eluate.

NOTE 1

by combini
eluate may
maintained

NOTE 2
analysed (s
sample amdg

T

If needed for chemical analysis or ecotaxicological testing, larger volumes of eluate can be obta

g eluates from replicate tests after-gentrifugation (or filtration). Alternatively, larger volumg
i1so be produced in a single test, provided that the ratios in terms of L /S and minimum headspacs

he required amount of the fest sample is dependent on the particle size distribution of the soil t
be [SO 23909). The specified sample amount will generally be adequate. In specific cases, a sm
unt can be accepted, forinstance, if for specific reasons less material is available, provided thaf

ive

d in
ure

1Ces

pme
Sers

test
ose

ned
s of
are

D be
hller
the

ure

ple
ed

M

test can be ¢arried out as specifiedin 7.2 to 7.4.
7.3 Det¢rminationofthe dry matter content and of water content
The whole [test sample, complying with the size criterion in 7.2, shall not be further dried. The moist
content of the test:sample shall be determined on a separate test portion at (105 + 5) °C. If the soil sa
Is air- dried prior to testlng, the dry matter content de of the air-dried sample shall be determi
as well. T
determined at (105 £ 5) °C, in accordance with ISO 11465 and the dry matter content calculated with
Formula (1):
Wy, =100xXmy /myy,
where
Wyn IS the dry matter content, expressed in percent (%);
mp  is the mass of the dried sample, expressed in kilograms (kg);
my, is the mass of undried sample, expressed in kilograms (kg).
6 © IS0 2019 - All rights reserved
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The water content (WHZO in percent) is calculated with Formula (2):
Wh,0 = 100x(my, —myp )/ my (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.

7.4 Preparation of the test portion

; and eluate
me requirement for analysis, the test portion size shall be either mp = (15 £ 1) g, (3p £ 1) g or
(60]* 1) g [measured with an accuracy of 0,1 g (6.12)] of dry mass (mp) following Formfla (3.

m=100xmy /w,,_ (3)

Use|a sample splitter (6.13) or apply coning and quartering to split the sample:

NOTE Sample splitting or coning-and-quartering can lead to loss of senti-volatile substances (inorganic and
orgdnic).

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

If te test is performed on an air-dried sample, use wy @, instead of wy,, to determine the sgmple mass
of the test portion.

8 |Procedure

8.1] Contact time

The leaching procedure consists,of three defined stages:

— |Period A (acid/base addition) from ¢ to (¢, + 4 h) for acid/base additions in three steps;
— |Period B (equilibration period) from (t, + 4 h) to (t, + 44 h) equilibration period;

— |Period C (verifi€ation period) from (t, + 44 h) to (¢, + 48 h) for verification of equilibriun} condition.

The total contactperiod (A + B + C) is 48 h.

8.2| pH-range

The full test shall cover the range pH 4 to pH 12 (both included, i.e. the lowest value = 4 and the highest
value < 12) with eight pH values tested, including the natural pH (without acid or base addition). The
maximum difference between two consecutive pH values shall not exceed 1,5 pH units.

To ensure that the appropriate pH values can be obtained in one run, additional bottles can be prepared
of which only the ones with the desired final pH values are retained for analysis.

The pH range covered by the test may be restricted to a pH range relevant to the specific material and
the considered problem. The pH range to be covered may depend on the specific properties of the soil
material, the available information on this material and the questions to be answered by performing
the test. The number of pH levels considered can be reduced, correspondingly, for example, for the
purpose of ecotoxicological tests. The relevant pH range will usually be pH 5 to pH 9.
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8.3 Leaching test
8.3.1 General

The following procedure applies to each of the chosen pH values to be tested.

8.3.2 Preparation of leachants

Identify the acid or base consumption for reaching the relevant pH values as A (mol H*/kg dry matter)
or B (mol OH-/kg dry matter) and the total volume of leachant.

NOTE The acid or base consumption for the considered pH values can be derived from available information,
from the pr¢liminary procedures in Annex B, or from information in Annex C.

Calculate the volume V; of liquid to establish an L/S ratio of 10 + 0,2 (1/kg) for the actualxsize of fest
portion m (see 7.4), including the volume of acid or base, in accordance with Formula (4]:

KJ:[IO—M@hO/(p}boxloo)}xnb )
where

V. is the volume of leachant used (1);

mp is the dry mass of the test portion (kg);

Pro is the density of water (usually taken as 1 kg/l);

w is the water content for the test portion(%).
H,0
2

Prepare the leachant from 0,001 mol/1 CaCl, (see 5.1) and acid or base (see 5.4 or 5.5) according to|the
acid/base ¢onsumption for the relevant pH.

Prepare the acid-adjusted leachant in accordance with Formula (5) and Formula (6):

V, =Vy+V, (5)
n} xm
Vo=t 6)
A
where
V. sthe volume of prepared leachant, in millilitres (ml);

V4 is the volume of 0,001 mol/1 CaCl, used, in millilitres (ml);

Va is the volume of acid needed, in millilitres (ml);

ny istheacid consumption for the particular pH, in mol H*/kg dry matter;
mp  is the dry mass of the test portion, in grams (g) (see 7.4);

C,  isthe concentration of the acid, in moles per litre (mol/1) (see 5.4).

Prepare the base-adjusted leachant in accordance with Formula (7) and Formula (8):

V, =V +Vp (7)

8 © IS0 2019 - All rights reserved
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_anmD
B=—
CB

V,  isthe volume of prepared leachant, in millilitres (ml);
V4 is the volume of 0,001 mol/1 CaCl, used, in millilitres (ml);

Vr  isthe volume of base needed, in millilitres (ml);

(8)

ng  isthe base consumption for the particular pH, in mol OH-/kg dry matter;
mp  is the dry mass of the test portion, in grams (g) (see 7.4);

Cg  isthe concentration of the base, in moles per litre (mol/1) (see 5.5).

Split the volume V| of leachant into three equal parts, V /3.

8.3

Car

3 Leaching step

'y out the test at a temperature of (22 + 3) °C.

Selgct the appropriate bottle size according to the test portion size. For mp = 15 g, 30 g an
means bottle sizes of, respectively, 250 ml, 500 ml and 1 000 ml.

Pla

e one of the test portions in the rinsed bottle (see61).

Add the leachant volume, V; /3, at three differenttimes:

Clos
rec
tim
Dev
to g

bot
acid

first fraction at t,;
second fraction at ¢, + 30 min;
third fraction at ¢, + 2 h.

e the bottle and agitate the suspension (see 6.2) between each leachant addition. M
rd the pH (see below far inistructions), and, if deviations are observed from the expected
b, prepare additional(bettles with modified acid/base additions.

elopment of carborr dioxide should be taken into account when using acidic leachants. Th

le a few timés during the test. Main gas production will, however, take place in the firg
addition.

Corftinue\to agitate after the last leachant addition until ¢ = ¢, + 48 h.

Med

l 60 g, this

basure and
| pH at that

s may lead

ressure buildup. When this is expected or observed, the pressure can be relieved by dpening the

t period of

suting and recordinag ofthe nkH-
o o r

Measure and record the pHatty,+4 h, ty + 44 h, t, + 48 h.

Since the pH is measured directly in the suspension, rinse the pH electrode thoroughly and dry

softly before and between uses in order not to contaminate the suspension.

For the measurement of the pH, stop the agitation and allow the mix to settle for 5 min. Measure the

pH by inserting the clean electrode into the supernatant.

The pH value measured before filtration at t;, + 48 h will be the one assigned to the analysis of

the eluate.

Report the pH deviation between ¢t + 4 h and ¢, + 44 h.
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NOTE1 For high pH values (pH > 9), CO, uptake can affect the leaching process. This can be reduced by
minimizing the contact time with the air during handling.

NOTE 2  The pH value at ¢, + 4 h is used for checking that sufficient pH adjustment has been obtained by the
acid or base additions, respectively.

NOTE3 The pH is measured directly in the bottle at ¢, + 48 h before filtration as filtration can change the pH
in the eluate.

The deviation between pH at ¢, + 44 h and pH at ¢, + 48 h shall not exceed 0,3 pH units, which is the limit
for approachlng an equ111br1um condltlon A spec1al note shall be made in the report if this requlrement
is not met. 3 3

that this t

NOTE 4 hen the equilibrium condition is strictly compulsory for specific use, but is not fulfilled inthe test,
it is possibl¢ to continue the test to a maximum of 7 d for all the eight experimental points (selected'pH values)
in order to 3dvoid association of results at 48 h with those at a longer leaching time. In this case, the pH deViJ:ion
can be limited to 0,3 pH units for the last 24 h (maximum between the sixth and seventh day), The experimgntal
point(s), which do not conform to these new conditions, will not be exploited and this fact'will be mentiondd in
the report. This specific procedure is not part of this document.

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

Transfer the supernatant to centrifuge tubes (6.7). The centrifugation containers shall be chosen sp as
not to adsdrb (or release) analytes.

There are fwo options for solid-liquid separation:

a) Centrifuge the eluate for 30 min at 20 000 g to 30,000 g using a high-speed centrifuge (6.7).
b) Centrifuge the eluate for 5hat2 000 g to 3 000 @in glass bottles using a lower-speed centrifuge (§.7).
Cooling shall be applied to maintain the tempéerature at (22 + 3) °C.
NOTE1 Based on Stoke'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 conditiond are

calculated related to the specification,of the rotor (see guidance in Annex E).

Gentle breaking 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 flibre
filtration (6]5) can be applied to remove such particles or to reduce the turbidity.

After centfifugation; the eluate shall be transferred immediately to an appropriate container| for
measuremgntofpH, redox potential and stored for subsequent chemical analysis and/or ecotoxicological
testing.

If only inorganic substances are measured, the centrifugation step can be omitted and the decanted
eluate can be directly filtered using the appropriate membrane filters (6.4) and a vacuum or pressure
filtration device (6.3). 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 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 E).
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NOTE 4  Such a specific liquid-solid separation procedure can include settling, prefiltration on coarser filter,
centrifugation, filtration on 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 A and has been applied to
soil samples.

Determine the volume of eluate V}; or record the volume of the aliquot used.

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

NOTE 6  Analysis of DOC in the eluate is needed, as the concentration of DOC shows generally a {arge variation
over the applied pH range and is relevant both for release of inorganic substances, as well“\as|for organic
subgtances.

Proreed immediately with the eluate treatment, as specified in 8.5.

8.4 Natural pH

Repeat 8.3 for a test portion without acid or base addition, when detenmining the volume of (,001 mol/1
Cadl, to be added. Measure the pH after 4 h, 44 h and 48 h, as in 8.2¢

8.5 Further preparation of the eluate for analysis

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

Singe eluate for bio-assays should not contain NaN; (see 5.3), microbial degradation [of organic
subptances may occur during the test and durinng the period of eluate storage. Therefore, fit is highly
recpmmended to perform bio-assays on eluaté containing organic substances as soon as popsible after
conjpletion of the leaching test.

8.6/ Blank test

Blank tests shall be carried out at regular intervals in order to check, as far as possible, hqw well the
whole procedure is performed. Obtain three different blank tests by carrying out the procedures
spefified in 8.3 and 8.5 without the solid material with the addition of:

a) |both the maximutiramounts of acid and base to the leachant of similar volume as used if the tests;
b) |acid to obtain‘\pH 4;
c) |base to @btain pH 12.

The eluate~of this blank test shall fulfil the following minimum requirements: in the elfiate of the

a 11m1t Value to which the measurement result is to be compared The elements to be con51dered are all
the elements 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 (9):

A:pconstiX{(VL/mD )J{WHZO /(pH20X100):|}

(9)

where

A

Pconsti

6

w
H,0

my

Pu,0

is the release of a substance ata L/S = 10 (mg/kg of dry matter);
is the concentration of a particular substance in the eluate (mg/1);
is the volume of leachant used (1);

is the water content as calculated in Formula (2);

is the mass of the dried test portion (kg);

is the density of water (usually taken as 1 kg/1).

10 Test report

The testre

a)
b)

0)
d)
€)
f)
g)

h)
i)
j)

k)

12

a refer
addres
any inf
inform
water

type o

the ac
mol OF

centrif

port shall include the following details:

ence to this document (ISO 21268-49;

s of laboratory, name of responsible person;

ormation necessary for the\complete identification of the sample;
ation on sample pretreatment;

Content;

Fleachant;

d or baSe /consumption to reach the relevant pH values in mol H* /kg dry matter an
[-/kg.dry matter, respectively;

ugation speed/force, time and type of vessels used, temperature readings;

1 in

detailed description of the filtration step and results of adsorption tests on the filters applied if
hydrophobic organic compounds are reported;

the test results including at least pH, electrical conductivity, measured concentrations (mg/l1),
released quantities (mg/kg dry matter), and limit of detection for each substance;

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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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:

12
The

US-EPA method 1313 is given in Annex D. US-EPA method 1313 is-Very similar in perform

date of the last blank test performed;

levels above which the results can be considered as valid, when compared.with the
concentrations, in mg/L.

Performance characteristics

performance characteristics of the method as determined inkthe intercomparison v3

results of the blank test, including the elements considered for the tested-mrateripl and the

measured

lidation of
hnce to the

profedure described in this document both in terms of the sample preparation (the cojtaminated

soil
met

used for validation had a particle sie < 2 mm), the equilibration time (48 h) and the s
hods including soil. The main difference in the testing\protocol is the way that acid/ba

Cope of the
Se is added

to the suspensions. US-EPA method 1313 describes addition in one step while this documenit describes

addjition of acid/base in three subsequent steps. US=EPA method 1313 uses a larger range ir
in comparison with ISO 21268-4 and, therefore, the Validation results of only pH 4 to pH 12
in Annex D. Given the strong similarities betwegh the US-EPA method 1313 and this docume
epeatability and reproducibility (see Annek D) are assumed to be applicable to this document.

on 1

pH values
were used
nt, the data
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Annex A
(informative)

Example of a specific liquid-solid separation procedure for soil

samples

A1l Genleral

The origin
of dissolve
substances
or organic
heavy met
heavy met
portions in

Especially
the filter d
membrane
fact which
factors det
of the filtel
filtered. Al

A.2 App

A2.1 Pr¢

A.2.2 Membrane filter, of pore size 0;45 um.

If another
essential p
complied W

A.2.3 Me

A.3 Pro

hls are important from an environmental point of view. The lower,the/pure” solubilit
hls in a contaminated soil sample, the higher is the relative influenee of colloidal part
eluate on the end result is.

in the case of fine-textured soil samples that are rich in_humus but poor in electroly
ake produced during filtration exhibits very fine pores-and less colloids pass through
filter. Thus, the production of filter cake largely affects‘the “solubility” of heavy meta
is identified by this method. To obtain comparable:results, it is necessary to stipulate

cake is determined predominantly by the filterxdiameter and the volume of the eluate t
sorption by the filter cake can be reduced when part of the extract solution is filtered.

aratus

pssure filtration unit, for membrane filter (diameter 142 mm).

filter size is used, theywolume to be filtered is modified according to the filter surface
recondition is that the relationship between the volume to be filtered and the filter surfa
vith [relationshiprabout 1 1 volume to 158 cm? filter surface (diameter 142 mm)].

dia-guidingmaterial (in contact with extracts), in polytetrafluoroethylene.

redure

hl scope of leaching tests covers, in particular, solid substances containing larger”amounts
d salts. The general feasibility of these methods has limitations when the’solubility of
has to be determined in soil samples, in particular when, for example, oxidized, adsored
1ly bound heavy metals are rather insoluble in those materials. Despite’th€ir low solubiflity,

y of
icle

tes,
the
S, a
the

ermining the height of the filter cake. In addition taysample-specific properties, the thickiess

b be

an
eis

For sedimentation of the larger particles, allow the suspension to stand for 15 min after shaking.

Decant almost completely the supernatant liquid into a centrifuge tube or bottle device.

Apply centrifugation (30 min at 2 000 g).

Almost complete decant the supernatant liquid into the membrane pressure filter apparatus.

Apply, after 5 min of filtration without pressure, a pressure of 100 kPa to accelerate filtration. If
after 15 min less than two thirds of the eluate have passed through the filter, increase the pressure
to 200 kPa. If necessary, increase the pressure to a maximum of 350 kPa after 30 min. Continue the
filtration until all the supernatant of centrifugation has passed through the filter. If the filtration is still
incomplete after 2 h, stop the filtration, collect the incomplete filtrate and prepare it for analysis.

14
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By using this procedure, a significant reduction in the possible errors resulting from the proportions
of colloidal, dissolved heavy metals, in filtrate can be ensured. Consequently, it is not allowed to decant
the first part of the filtrate and to put it again on the filter - a method that is quite common in several
laboratories.
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Annex B
(informative)

Operation and uses of the test — Influence of pH on the leaching

B.1 Con
control 1

Two mode
continuoug
are aimed
asoil or so

In the test
a result of
reduction i

In additioy
continuouy
pH. The te

behaviour

j)parison of the mode of operation of the test with the pH continuous
node — Influence of pH on the leaching behaviour

5 of operation can be applied to measure the influence of pH on leachingbehaviour
(automated) pH control, or by addition of preselected amounts of acid orbase. Both ma
ht determining the influence of pH on the release of inorganic and organic’substances f
| material.

lescribed in this document, an equilibrium condition is established-at different pH value
the reaction between preselected amounts of acid or base and(test portions of the soil.
s performed to accelerate reaching an equilibrium conditiony

to the pH influence on leaching, the test addressing the influence of pH on leaching
pH control (see CEN/TS 14997) is suitable for solubility control at a precisely speci
5t addressing the influence of pH on leaching by eontinuous pH control can be particul

des
Fom

E, as
bize

by
fied
hrly

suitable when materials are tested which have a very low buffer capacity, or in the case of measurenpent

of pH influ
shows typi
pH 5) usin

B.2 Exp

Three gray
the test req

bnce on leaching at a pH where a small pH change leads to strong change in release. Figure
cal trends of the pH adjustment to neutralize’alkaline materials to the desired setpoint
b the pHstat mode (part a) and the ANC mode (part b).

ression of results

hical presentations of the results can be obtained. They provide a visual representatio
ults as a trend (see B.3);

o + 48 h (see 8.3.3) versus the amounts of acid/base added (ANC and BNC curve), expreg
H*/OH- per kg of dry? matter;

tration of eachanalysed substance in eluates in log scale, in milligrams per litre (mg
pH at ¢, + 48h;

tration-of’each analysed substance in eluates in linear scale, in milligrams per litre (mg
thezamounts of acid or base added (mmol H*/OH- per kg of dry matter).

a) pHatt
in mol
b) concer
versus
c) concer]
versus
NOTE I

B.1
e.g.

h of

sed

/1),

3
p

/),

Fhathicd ricaol vapacantatio o o1 o4 4 nd-ardinata
ere—erHTer P

2 AQ L oo Sleoa bo 2 dd.d o
TO o

o ca
viSuarrc SCITItatIOTcrrcprrac oy T CatrrarsootattaC o ST St ot ot octs

In the case when the leached amounts (U,) (mg/kg of dry soil) are needed, they can be directly
calculated by multiplying the concentrations in milligrams per litre (mg/1) by the L/S value (usually
L/S = 10 1/kg of dry material).

16

© ISO 2019 - All rights rese

rved


https://standardsiso.com/api/?name=3f16003475e0c124e6fe69aea704bc73

1SO 21268-4:2019(E)

11

10

0 4 8 12 16 20 24 28 32 36 4044 48 ¢
a) pH STAT-MODE

0 4 8 12 16 20 24 28 32 36 40 44 48 ¢
b) ANC MODE

Figure B.1 — Typical pH variations during the two modes of the tests for determining the
influence of pH on the leaching behaviour of an alkaline material at a final pH of about 5

B.3 Scope and limits of the application field of the test

This test provides information on the influence of pH on leaching under the experimental conditions
specified in this document. It does not directly take the effects of other parameters, such as the
influence of acids and bases other than the nitric acid/sodium hydroxide used in the test, dissolved
organic carbon, complexation, redox conditions, into account.
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https://standardsiso.com/api/?name=3f16003475e0c124e6fe69aea704bc73

ISO 21268-4:2019(E)

This test method is a parameter-specific test, as specified in EN 12920. The application of this test
method alone is not sufficient for the determination of the detailed leaching behaviour of a soil under
specific conditions.

NOTE This generally requires the application of several test methods, behavioural modelling and model
validation, as specified in EN 12920.

Therefore, provided that the nitric acid/sodium hydroxide used in the test, as well as the other
experimental conditions, are relevant for the considered scenario, this test is useful to

a) qualify and quantify the material resistance to acid-basic attack through the concentration
measufed, as atu fOIT O e pH amnd theacid/baseanou ceded to reactra giverr timmat pi;

b) identifly the chemical behaviour trends and the availability levels of substances at different| pH
valuesjunder the experimental conditions specified in this test. These values can be used ds inpuyt to
modelling of chemical behaviour using geochemical speciation models (e.g. MINTEQAZ2; GEOCHEM
WORKBENCH, PHREEQC, ECOSAT, ORCHESTRA, CHESS, SPEC, etc.). In many cases/italso provides

c) provide a basis of reference for different leaching tests, as it has been shown that pH is one of|the
major pontrolling factors distinguishing tests from one another;

d) compalre leaching behaviour, with respect to pH, of the same parameter from different soil§ or
differgnt material classes to be able to demonstrate similaritie§An’solubility controlling conditfons
irrespgctive of material matrix;

e) provide data to feed dynamic behavioural models, for,_instance, under the following relationship:
solubilization = f(pH or meq H*/g) in the physico-chemical context linked with the presence of{the
other ¢gompounds in the material. This is not alwayspossible with available literature data.

On the contrary, this test is not meant for

— quantifying a maximum removable fraction,as the concentrations obtained correspond to a stdady
state sjtuation close to chemical equilibFiitm. For example, the values obtained for the lowest pHand
at high pH can only be considered as approaching the maximum removable fraction of, respectiyely,
metalq and oxyanions;

— simulating actual situations in.specific scenarios, because, in addition, at least information on [low
L/S will be needed.

B.4 Example: Identification of the sensitivity of leaching to pH over the
environipentally relevant pH range

The test pfrovidessinsight in the sensitivity of leaching of substances from a specific material to pH
(see Figur¢ BZ2).' This factor has been found to be a major release controlling parameter in virtufally
all materidls—Obviously, the relevant pH range for a given application may be limited. However] for
characterization purposes, the full pH range from at least 4 to 12 is important, as different uses of the
information relate to different pH domains. In Figure B.2, the leaching behaviour under the influence
of pH is illustrated for cadmium (Cd) from heavily sewage sludge amended soillll. An indication of the
repeatability of the method can be obtained from the duplicate test data. The test was performed with
an initial acid/base addition. Figure B.2 also indicates pH ranges typical of some “soil” - “conditions of
scenarios” combinations.
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initial addition mode
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ingestion/inhalation
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soil liming

cement stabilization of contaminated soil

Figure B.2"— Illustration of the influence of pH on the leaching behaviour of a he
wage-sliidge-amended soil, as obtained in a pH range of 4 to 12 (test performed wi
acid/base addition), and its use in relation to different scenarios for the same ma

avily

erial
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Annex C
(informative)

Preliminary determination of the acid/base consumption

C.1 Gen

ral

In order to
a) atitraf
b) anarb
C.2 Titn
C.2.1 Re

C2.1.1 N

C2.1.2 §
5 mol/L

C.2.1.3 D
a conductiy

determine the amount and concentration of acid/base, two methods are possible:

ion procedure to estimate the ANC and the BNC (see C.2);

ation procedure to estimate the ANC and the BNC
agents
itric acid (per analysis), 0,1 mol/1 to 14,4 mol/l.

pdium hydroxide, NaOH (or potassium hydroxide*(KOH), see NOTE in 5.5), 0,1 mol

istilled water, demineralized water or water of equivalent purity (5 < pH < 7), y
ity of < 0,5 mS/m.

C22 A

C2.2.1

C.2.2.2 Sgirring or agitation device, i.e. a magnetic stirring device, using a polytetrafluoroethy

(PTFE) co
C.2.23 T

C23 Te

Test portig
is recomm

aratus

ottles made of polypropylene (PP), PTFE or polyethylene (PE).

ed magnetic stirringrod, or a mechanical stirring device, made of glass or PTFE.
itrator (optienal).

5t portion

ns-are prepared in accordance with the procedure in 7.4. Based on sample heterogeneit

trary division of the maximum acid/base consumption for the extreme pHyvalues (see C|3

] to

vith

ene

y, it

ennded that the test portion size is either mp = 15 g, 30 g or 60 g (dry mass), with a tolerd

nce

of +1 g.

C.2.4 Procedure

C.2.4.1 Preparation

Place the test portions in rinsed bottles one for acid titration and the other for alkaline titration. The
test aims at a final L/S ratio of 10 after acid or base addition. If the L/S exceeds 11 because of the high
acid or base consumption of the material at the specific pH value, a stronger acid or base should be used
for pH adjustment.

20
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Add an amount, V, of demineralized water in the bottles establishing a liquid to solid ratio (L/S) about 9.
Calculate the volume, 1 as follows, assuming the density of water to be 1 g/ml:

V=9xmpy— (my, —mp) (c.1
where

myy is the non-dried mass of the test portion, expressed in grams (g);

myp is the dried mass of the test portion, expressed in grams (g).
Recdprd the amount V of water added.
NOTE If information is available on the material concerning a particularly strong ANC er BNC, anjother initial
L/Sfan be used to allow the final L/S to remain <11.
C.2{4.2 Natural pH
Put|the two filled bottles on the agitation device. Agitate or stir for 1 h.\Determine the pH of the eluate
dirgctly in the bottles after settling for 10 min.
C.24.3 Acid titration
Add a portion of acid (C.2.1.1), manually or by use of theititrator, into one of the bottles ffom C.2.4.1
and determine the pH directly in the bottle after 30 mifixRecord the amount and concentrafion of acid

added, and the pH obtained.

The
por

In {
det

amount of acid needed to get a decrease in pH varies between materials, and therefore
Lions need to be small in order to see the nmiaghitude of the first response by the material

he case of a high acid demand, thé<manual addition of strong acid in the beginn
ermination is practical and a shorterresponse time than 30 min may be used.

Continue adding portions of acid, and-measure the pH after 0,5 h, stirring or agitating after e4

is a
and
and|

C.2

Add
int

The
por

lded. Repeat until the entire'pH interval from the natural pH (C.2.4.2) to pH 4 or below

concentrations of acid added, and the pH values obtained.

4.4 Base addition

a portion of base (C.2.1.2) into the other of the bottles from C.2.4.1, and determine the
ne bottle affer 30 min. Record the added amount and concentration of base, and the obta

amount of base needed to get an increase in pH varies between materials, and thereforg
Fionis need to be small in order to see the magnitude of the first response by the material

the initial

ing of the

ich portion
s obtained

the distance between the obtained pH values is smaller than the 1,5 pH values. Record the amounts

bH directly
ned pH.

, the initial

In the case of a high base demand, the manual addition of strong base in the beginning of the
determination is practical and a shorter response time than 30 min may be used.

Continue adding portions of base and measure the pH after 30 min, stirring or agitating after each
portion is added. Repeat until the entire pH interval from the initial pH (C.2.4.2) to pH 12 or above is
obtained and the distance between the obtained pH values is smaller than the 1,5 pH value.

In order not to underestimate the ANC or the BNC, it is recommended to wait 24 h for pH 4 in the case of
very alkaline materials, or pH 12 for materials with a high buffer capacity.

C.2.5 Expression of results

Plot a curve of pH versus amounts of acid and base, expressed in mol H*/kg and mol OH-/kg.
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C.3 Arbitrary division of the maximum acid/base consumption for the extreme
pH values

C.3.1 General

For soils with a very strong acid-base capacity, manual titration may lead to an excessive experimental
duration when the maximum acid and base consumption in order to reach, respectively, pH 4 and
pH 12 is unknown. In this procedure, the natural pH and acid and base consumption at pH 4 and pH 12,

respectively, is estimated.

C.3.2 Re

C3.2.1 N

C3.2.2 §

C3.2.3 D
a conductiy

agents
itric acid (pro-analysis), 0,1 mol/1 to 14,4 mol/1.
pdium hydroxide, NaOH, 0,1 mol/I to 5 mol/1.

istilled water, demineralized water or water of equivalent purity(5 < pH < 7), ¥
ity of < 0,5 mS/m.

C33 A

C3.3.1

C.3.3.2 Sgirring or agitation device. This is a magnetic stirning device, using a polytetrafluoroethy

(PTFE) co

C3.33 T

C.3.4 Te
Test portig
is recomm

of +1 g).

C3.5 Pr

C.3.5.1 Preparation

Place two g
The test ai

aratus

ottles made of polypropylene (PP), PTFE or polyethylene (PE).

ed magnetic stirring rod, or a mechanical stirring.device, made of glass or PTFE.

itrator.

5t portion

ns are prepared in accordance with the procedure in 8.4. Based on sample heterogeneit
pnded that the test portion size is either mp = 15 g, 30 g or 60 g (dry mass) (with a tolerd

bcedure

f the test.portions in rinsed bottles one for acid titration and the other for alkaline titraf
s at a final L/S ratio of 10 after acid or base addition. If the L/S exceeds 11 because of

high acid

0
used for pEF

baseconsumption of the material at the specific pH value, a stronger acid or base shoul
adjustment.

vith

ene

y, it
nce

ion.
the
l be

Add an amount, V, of demineralized water in the bottles establishing a liquid to solid ratio (L/S) of about
9. Calculate the volume, V, as follows assuming the density of water to be 1 g/ml:

V=9my—(my, —my ) (C.2)
where

myy is the non-dried mass of the test portion, expressed in grams (g);

myp is the dried mass of the test portion, expressed in grams (g).
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Record the amount, V, of water added.

NOTE Ifinformation is available on the material concerning a particularly strong ANC or BNC, another initial
L/S can be used to allow the final L/S to remain < 11.

C.3.5.2 Natural pH

Put the two filled bottles on the agitation device. Agitate or stir for 1 h. Determine the pH of the eluate
directly in the bottles after settling for 10 min.

C.3.5-3—Acid-titration

Titate one of the bottles in C.3.3.1 with nitric acid (C.3.2.1) in the titration equipnjent set at
pH K. Confirm the acid consumption over a titration period of 24 h. Record the added amount and
conpentration of acid, and the obtained pH.

If the time taken to complete this last point needs to be reduced, samples may be reduced in size to
belgw 0,5 mm (as no analysis is foreseen).

If this equipment is not available, manual titration may be carried out-with the objective of achieving
pH ft as soon as possible, including an overnight waiting period to validate the last measurenjent points.

If the time taken to complete this last point needs to be reduced, samples may be reduced in size to
belgw 0,5 mm (as no analysis is foreseen).

C.3/5.4 Base addition

Tityjate the other of the bottles in C.3.3.1 with*base (C.3.2.2) in the titration equipnjent set at
pH [12. Confirm the base consumption over a tittation period of 24 h. Record the added amount and
confentration of base, and the obtained pH.

If this equipment is not available, manual titration may be carried out with the objective of achieving
pH 12 as soon as possible, including an-gvernight waiting period to validate the last measurenjent points.

If the time taken to complete this 1ast point needs to be reduced, samples may be reduced in size to
belgw 0,5 mm (as no analysis is.foreseen).

C.3{6 Expression of results

The acid consumptionfe’reach pH 4 and the base consumption to reach pH 12 is recorded together with
thenatural pH.

Divjde the am@unt of acid by double the number of pH values intended to be tested within the acid pH
range (pH range as a result of acid addition).

Divjde/the amount of base by double the number of pH values intended to be tested within the alkaline
pH range (pH range as a result of base addition).

NOTE 1 If, for example, between the natural pH and pH 4,5, pH values are sought, and if the maximum acid
consumption is 5 mol/kg H+, prepare 10 different acid solutions from 50 mmol/l H* to 500 mmol/1 H* at evenly-
spaced intervals.

NOTE 2  This method allows limitation of the misevaluation of the ANC and BNC and the selection of the seven
solutions to be analysed after reaching the stationary pH. This allows also choosing solutions leading to the same
pH, i.e. along a potential pH plateau corresponding to the buffer capacity of the material (e.g. carbonates) of high
interest in terms of behaviour.

NOTE3 Due to buffering of the matrix, equally-spaced portions generally will not lead to proper final pH
values. Doubling the number of bottles is no guarantee for obtaining properly spaced final pH values. Through
interpolation, it will be possible to estimate the proper amounts needed from the curve of final pH against acid/
base consumption.
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Annex D
(informative)

Repeatability and reproducibility data

this docunjent. The soil was contaminated with heavy metals and collected from a smeltér site locd
in the Unitpd States. Approximately 320 kg of contaminated field soil (identified by,material code (
was collected in 5-US-gallon (19 litre) plastic buckets and shipped to the laboratofy for processing.
entire batdh of soil was sieved to pass a 2 mm opening in order to remove largé nocks and other ref
and transferred to a clean blue plastic tarp for mixing by coning and quartering. After homogenizaf]
the soil wgs divided into 1-L HDPE jars containing approximately 1 kg-each for distribution to
participatipg laboratories. Each participating laboratory received six fandomly selected jars (6 kg
soil to be ised in testing while the reference laboratory retained 12 randomly selected jars (12

fom
for
e of
ted
FS)
The
use
ion,
the
) of
kg).

Detailed infformation on the complete interlaboratory comparison.study can be found in the final repport

from US-EPAIS]).

D.2 Interlaboratory comparison results

The statistlical evaluation was conducted according-to'ISO 5725-2 after log transformation of the
results. Thie average values, the repeatability standard deviation (s.) and the reproducibility stand
deviation (sg) obtained are shown in Table D.1,

test
ard
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