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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Di

[SO draws
patent(s).

rights in re
(a) patent({
this may n
WWW.iS0.0

fFectives, Part 2 (see www.iso.org/directives).

attention to the possibility that the implementation of this document may invoelve'th
SO takes no position concerning the evidence, validity or applicability of any”clairy
spect thereof. As of the date of publication of this document, ISO [had/had hot] receive
5) which may be required to implement this document. However, implementers are cau
bt represent the latest information, which may be obtained from the patent database {

Any trade
constitute

For an exp
related to
Organizati

This docun
and physicd

g /patents. ISO shall not be held responsible for identifying any or,all. such patent righ

name used in this document is information given for the convenience of users an
an endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms and e
conformity assessment, as well as information about ISO's adherence to the W
bn (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/fore

e use of (a)
ned patent
d notice of
kioned that
wvailable at
S.

d does not

Xpressions
prld Trade
word.html.

hent was prepared by Technical Committee ISQ/TC 190, Soil quality, Subcommittee SC
/| characterization.

This second edition cancels and replaces the firstyedition (ISO 13536:1995), which has been

revised.
The main g
— revisid
— additiq
— updats

Any feedb{
complete i

hanges are as follows:

n of the Formula (2) for theicalculation of the cation exchange capacity (CEC) of the so
n of a note on possible misleading of the correction procedure in the analysis of calcar
of bibliography.

ick or questiohs) on this document should be directed to the user’s national standar
sting of thes€ bodies can be found at www.iso.org/members.html.

B, Chemical

technically

et

il

)

eous soils;

ds body. A

© IS0 2024 - All rights reserved
iv


https://www.iso.org/directives
https://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=0c9cbede2fae0c86643f8dd98dfa7c6c

International Standard

ISO 13536

:2024(en)

Soil quality — Determination of the potential cation exchange
capacity and exchangeable cations using barium chloride
solution buffered at pH = 8,1

WARNING — Barium is a very toxic element ifingested. The barium ion has health risks for laboratory

personnel

working with this chemical; it is also harmful for the environment.

1 Scop

This documment specifies a method for the determination of the potential cation exchange cap
of soil buffered at pH = 8,1 and for the determination of the content of exchangeable’sodium,
calcium and magnesium in soil.

This docun

2 Norm

The follow
requireme
the latest ¢

[SO 11464,

[SO 11465
calculation

3 Term

nent is applicable to all types of air-dried soil samples.

ative references

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

Soil quality — Pretreatment of samples for physico-chemical analysis

Sludge, treated biowaste, soil and waste-%~ Determination of dry residue or water d
of the dry matter fraction on a mass basis

s and definitions

No terms and definitions are listed in-this document.

ISO and IE
ISO On

IEC El¢

[ maintain terminology ‘databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

4 Pringiple

The detern

hination of cation exchange capac1ty (CEC) as spec1f1ed in this document is a modific3

wcity (CEC)
potassium,

ronstitutes
references,

ontent and

2]

ition of the

method pr
barium chl

puseu Dy lVleIlllLIll*J = d[lu moulueu D_y Ddb(,()IIl[)l"J 1[16 €E€ Ul bUll deIlpleb is ut!L
oride solution buffered at pH = 8,1 using triethanolamine.

ermined in

The soil is first saturated with respect to barium by treating the soil three times with buffered barium
chloride solution. Subsequently, a known excess of 0,02 mol/l magnesium sulfate solution is added. All the
barium present, in solution as well as adsorbed, is precipitated in the form of highly insoluble barium sulfate
and the sites with exchangeable ions are then readily occupied by magnesium. The excess magnesium is
determined by either flame atomic absorption spectrometry (FAAS) or inductively coupled plasma atomic
emission spectrometry (ICP-AES).

© IS0 2024 - All rights reserved
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It is also possible to determine sodium, potassium, calcium and magnesium (and other elements) in the

barium chl

NOTE 1

oride extract of the soil.

example manganese, in the same extract.

NOTE 2

Besides sodium, potassium, calcium and magnesium, it is also possible to determine other cations, for

A yellowish-brown colour of the barium chloride extract indicates that some organic matter has been

dissolved. Since organic matter contributes to the CEC, the measured value will be an underestimate of the potential CEC.

NOTE 3

present in the soil.

The sum of exchangeable cations can give a result that is greater than the CEC due to the dissolution of salts

Preliminary washing of the soil with water to remove these salts should not be employed because it can
change the relative proportions of cations in the CEC.

NOTE 4 IIn case the problem described under NOTE 3 is detected, the experiment can be repeated usillxg a method

which has ajmuch lower solubility for calcium carbonate minerals. This procedure is described in IS0.23470:2018[41,
5 Proce¢dures

5.1 Leaching

5.1.1 Repgents

Use only rdagents of recognized analytical grade and distilled watet/or deionized water for all solutions.
5.1.1.1 Water, with a specific conductivity not higher than 0,2 mS/m at 25 °C.

5.1.1.2 Barium chloride solution, c(BaCl,) = 1 mol/l.

Dissolve 244 g of barium chloride dihydrate (BaCl, 2H,0) in water and dilute to 1 000 ml with water.
5.1.1.3 Hydrochloric acid, c(HCI) = 2 mol /I

Dilute 166 |ml of concentrated hydrochloric acid (p = 1,19 g/ml) with water to 1 000 ml.

5.1.1.4 Triethanolamine solution;pH = 8,1.

Dilute 90 ml of triethanolamine-{HOCH,CH,);N with water to approximately 1 litre and adjust the pH to
8,1 £ 0,02 yith about 140 milte 150 ml of hydrochloric acid (5.1.1.3). Dilute with water to 2 litres

5.1.1.5 Extraction solution.

Mix equal volumes of solutions 5.1.1.2 and 5.1.1.4. Protect this solution from exposure to carfon dioxide
during storage

5.1.1.6 Magnesium sulfate solution, c(MgS0,) = 0,020 0 mol/l.

Dissolve 4,930 g + 0,01 g of magnesium sulfate heptahydrate (MgS0,-7H,0) in water and dilute to 1 000 ml.

Magnesium sulfate heptahydrate can lose water of crystallization on standing. The reagent should be
standardized by titration with ethylenediaminetetraacetic acid (EDTA) at pH = 10 using Eriochrome Black T
as the indicator. Alternatively, the reagent may be kept in a sealed polyethylene bag placed in a refrigerator.

5.1.2 Procedure

Transfer 2,50 g to 5,00 g of air-dried soil with a high content of clay and/or humus, or 10 g of sandy soil or
soil with a low content of humus (particle size < 2 mm), pretreated according to ISO 11464, into a tightly
stoppered polyethylene centrifuge tube of approximately 50 ml. Note the mass of the tube with cover and

© IS0 2024 - All rights reserved
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soil (m;). Add 30 ml of extraction solution (5.1.1.5) to the soil and shake for 1 h. Balance the tubes and
centrifuge at 3 000 g for 10 min.

Transfer the supernatant liquid to a 100 ml volumetric flask. Repeat the addition of extraction solution,
shaking and centrifuging twice and adding the supernatant liquid to the 100 ml volumetric flask on each
occasion. Dilute to the volume of the volumetric flask with extraction solution (5.1.1.5).

Mix, filter through a coarse filter paper (diameter 7 cm) and store the filtrate A for the determination
of sodium, potassium, calcium and magnesium following the procedure described in 5.3 and 5.4. Add
approximately 40 ml of water (5.1.1.1) to the soil cake and shake manually for 1 min to 2 min to break up
the soil cake. Balance the tubes and centrifuge at about 3 000 g for 10 min. Decant the supernatant to waste.
Weigh the tube with its contents (m,) and cover. Add 30 ml of magnesium sulfate solution (5.1.1.6) to the soil
cake and shake overnight. Balance the tubes and centrifuge at about 3 000 g for 10 min.

Decant thelsupernatant solution through a coarse filter paper (diameter 7 cm) into a conical flask and store
the filtrate|B for the determination of magnesium following the procedure described in 5.2.4.

1.

—

Prepare a lank by following the entire procedure described above, but without the addition of s
5.2 Det¢rmination of the CEC

5.2.1 Principle

An acidified lanthanum solution is added to the filtrate B obtained ageording to the procedure described in
5.1.2 and mpagnesium is determined by FAAS using an oxidizing (blu€) air/acetylene flame. Lanthanum is
added to prevent the formation of refractory compounds of magnesium with phosphate, aluminfium etc. in
the flame.

5.2.2 Repgents

Use only rgagents of recognized analytical grade and.distilled water or deionized water for all solutions.
5.2.2.1 Water, with a specific conductivity nethigher than 0,2 mS/m at 25 °C.
5.2.2.2 Hydrochloric acid, c(HCI) = 12'mol/1 (p = 1,19 g/ml).

5.2.2.3 Magnesium standard solution, c(Mg) = 0,001 0 mol/1.

Pipette 50J0 ml of the 0,020 _0>m0l/1 magnesium sulfate solution (5.1.1.6) into a 1 000 ml volumetric flask
and dilute fo the mark withCwater.

5.2.2.4 Acidified lanthanum solution, p(La) = 10 g/I.

Dissolve 13,6 g of fanthanum nitrate hexahydrate [La(NO3); 6H,0] in water in a 500 ml volumetrif flask, add
42 ml of hydrechloric acid (5.2.2.2) and dilute to the mark with water.

5.2.3 Calibration series

Pipette 0 ml, 1 ml, 2 ml, 3 ml, 4 ml and 5 ml of magnesium standard solution (5.2.2.3) into a series of 100 ml
volumetric flasks. Add 10 ml of acidified lanthanum solution (5.2.2.4), to each flask, dilute to the mark
with water and mix. These calibration solutions have magnesium concentrations of 0 mmol/l, 0,01 mmol/],
0,02 mmol/l], 0,03 mmol/], 0,04 mmol/l and 0,05 mmol/], respectively.

5.2.4 Procedure

Pipette 0,20 ml of filtrate B of the soil samples (see 5.1.2) and of the blank (see 5.1.2) into individual 100 ml
volumetric flasks. Add 10 ml of acidified lanthanum solution (5.2.2.4) to each flask, dilute to the mark with
water and mix.

© IS0 2024 - All rights reserved
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Determine the magnesium concentration in the diluted filtrate B (c;) and the diluted blank (c};) using the
calibration solutions (5.2.3) and FAAS at wavelength 285,2 nm, with the instrument set according to the

manufacturer’s instructions for optimum performance with an oxidizing (blue) air/acetylene flame.

5.2.5 Calculation

Correct the concentration of magnesium in filtrate B for dilution by the liquid retained in the centrifuged
soil after being treated with water using Formula (1):

_¢1(30+my —my) 1
¢y = m
30

where

cq s the magnesium concentration in the diluted filtrate B, in millimoles per litre;

Cy s the corrected magnesium concentration in the diluted filtrate B, in millimeles per lifre;

my s the mass of the centrifuge tube with air-dried soil, in grams;

m,  |s the mass of the centrifuge tube with wet soil, in grams.
Calculate the cation exchange capacity (CEC) of the soil using Formula (2)¢

3 000(cyq —c 100+w
CEC= (b1 =) (2)
m 100

where

CEC |s the cation exchange capacity of the soil, in-¢entimoles positive charge per kilogram;

Cy s the corrected magnesium concentration in the diluted filtrate B solution, in millimolgs per litre;

Ch1 s the magnesium concentration in.the diluted blank solution, in millimoles per litre;

m s the mass of the air-dried sample, in grams;

w s the percentage of water.content by mass on the basis of oven-dried soil, determined according

fo [SO 11465.

If the CE(Q exceeds 40 cmol®/kg, repeat the determination using less soil, amending the falculation
accordingly.
NOTE1 The unit “centiinoles positive charge per kilogram”, written in abbreviated form as cmol+/kg, is humerically
equal to the|formerly‘used unit of milli-equivalents per hundred grams.
NOTE 2 In calcdreous soils witherite (BaCO5) is formed by reaction of calcite (CaCO3) with the exchange solution
(Dohrmann|38)5 This increases the m, because in this case m, represents a mixture of mass increase by witherite

formation a

5.2.5) which then inflates the CEC (5.2.5).

5.3 Determination of exchangeable sodium and potassium

5.3.1 Principle

centration,

Sodium and potassium are measured in an acidified barium chloride-triethanolamine extract of soil samples
by flame emission spectrometry, by ICP-AES, or by FAAS.

NOTE

© IS0 2024 - All rights reserved
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5.3.2 Reagents

Use only reagents of recognized analytical grade and distilled water or deionized water for all solutions.

5.3.2.1 Water, with a specific conductivity not higher than 0,2 mS/m at 25 °C.

5.3.2.2 Potassium and sodium stock solution, p(K) =1 000 mg/1 and p(Na) =400 mg/L.

Dissolve 1,906 8 g of potassium chloride and 1,016 8 g of sodium chloride in water. Transfer to a 1 000 ml
volumetric flask and dilute to the mark with water. Dissolve water-free 1,906 8 g of potassium chloride and
water-free 1,016 8 g of sodium chloride in water. Transfer to a 1 000 ml volumetric flask and dilute to the
mark with water. Pulverize the potassium chloride and sodium chloride, heat the powders obtained either

at 400 °C tp566-2cforatleast 8horatapproximately200-2cfor 24handeootthe powdersima desiccator
before use

5.3.2.3 Diluted stock solution, p(K) = 100 mg/l and p(Na) = 40 mg/1.

Pipette 25,0 ml of the stock solution (5.3.2.2) into a 250 ml volumetric flask and dilutete the mark with water.
5.3.2.4 Hydrochloric acid, ¢(HCI) = 1 mol/l.

Dilute 83 ml of concentrated hydrochloric acid (p = 1,19 g/ml) to 1 000 mkwith water.

533 Ca

libration series

Pipette 0 mil, 5 ml, 10 ml, 15 ml, 20 ml and 25 ml of the diluted‘stock solution (5.3.2.3) into indiv

volumetrid
to the maj
20 mg/l, 3
16 mg/l1 an|

5.3.4 Pr

Pipette 2,(
1,0 ml of h
concentrat
emission s

To prevent
technical g

5.3.5 Ca

Calculate t

flasks. Add 10,0 ml of extraction solution (5.1.1.5)@nd 5,0 ml of hydrochloric acid (5.3,
k with water. These calibration solutions havé potassium concentrations of 0 mg
0 mg/1, 40 mg/1 and 50 mg/1 and sodium concentrations of 0 mg/l, 4 mg/l, 8 mg
d 20 mg/l, respectively.

bcedure

ml of filtrate A (see 5.1.2) and.of the blank extract (see 5.1.2) into individual test
ydrochloric acid (5.3.2.4) followed by 7,0 ml of water to each test tube and mix. Det
ions of sodium and potassiuim in the diluted filtrate A, blank and calibration solutior]
bectrometry at wavelengths of 589 nm and 766 nm, respectively, using an air/propang

contamination with;sodium, clean the glassware by soaking it overnight in 4 mol/l
rade.

|culations

he exchangeable sodium and potassium contents in the soil samples using Formulae (3

dual 50 ml
2.4). Dilute
1, 10 mg/],
I, 12 mg/],

tubes. Add
brmine the
s by flame
flame.

nitric acid,

) and (4):

K h)=2’174 9(p3 —Pp2)

b(Na,exc (3)
m
2,178 8(p3 —
m
where
b(Na, exch) isthe content of exchangeable sodium in the soil, in centimoles positive charge per kilogram;
b(K, exch) is the content of exchangeable potassium in the soil, in centimoles positive charge per

kilogram;

© IS0 2024 - All rights reserved
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P3 is the concentration of sodium or potassium in the diluted filtrate A, in milligrams per litre;

Pb2 is the concentration of sodium or potassium in the diluted blank solutions, in milligrams
per litre;

m is the mass of air-dried soil, in grams.

5.4 Determination of exchangeable calcium and magnesium

5.4.1 Principle

Magnesium and calcium are determined in the acidified barium chloride triethanolamine extract by FAAS or

by ICP-AES,

NOTE I
magnesium

5.4.2 Re

Use only re
54.2.1 |

5.4.2.2 H
Dilute 330

5.4.2.3 Magnesium stock solution, p(Mg) = 100 mg/I.

Dissolve 0
volumetrig
crystalliza
using Erioq

NOTE ]

5424 (

Weigh 2,49
of 4 mol/1
transfer to
for 2 h at 4

ue to the high barium concentration in this medium, there is no formation of refractery’co
or calcium with phosphate, aluminium, etc. in the flame.

agents

agents of recognized analytical grade and distilled water or deionjized'water for all so
Vater, with a specific conductivity not higher than 0,2 mS/m at25 °C.

ydrochloric acid, ¢(HCI) = 4 mol/Ll.

ml of concentrated hydrochloric acid (p = 1,19 g/ml)¢e 1 000 ml with water.

837 g of magnesium chloride hexahydrate (MgCl,-6H,0) in water. Transfer to a
flask and dilute to the mark with water. Magnesium chloride hexahydrate can log
fion on standing. The reagent shall be-standardized by titration with EDTA buffered
hrome Black T as the indicator.

'he use of commercial standardisolutions and the dissolution of a weighed amount of metal is a

alcium stock solutionfp(Ca) =1 000 mg/l.

7 g of calcium carBenate (CaCO3) into a 100 ml beaker. Dissolve the calcium carbonate
hydrochloric acid?(5.4.2.2). Boil the solution to expel carbon dioxide, cool to room te

00 °C, thenteooled and stored in a desiccator, before it can be used as a standard.

5.4.2.5

Pipette 5,

ixed stock solution, p(Mg) = 5 mg/1l and p(Ca) = 50 mg/L.

mpounds of

utions.

1 000 ml
e water of
at pH = 10

so possible.

in 12,5 ml
mperature,

a 1 000 ml velumetric flask and dilute to the mark with water. Calcium carbonate shalll be heated

m) of the magnesium stock solution (5.4.2.3) and 5,0 ml of the calcium stock soluti

into a 100 ml volumetric flask and dilute to the mark with water.

5.4.3

Calibration series

n (5.4.2.4)

Pipette 0 ml, 2 ml, 4 ml, 6 ml, 8 ml and 10 ml of the mixed stock solution (5.4.2.5) into individual 100 ml
volumetric flasks. Add 10,0 ml of extraction solution (5.1.1.5) and 10,0 ml of hydrochloric acid (5.3.2.4).
Dilute to the mark with water. These calibration solutions have magnesium concentrations of 0 mg/],
0,1 mg/l], 0,2 mg/l, 0,3 mg/l], 0,4 mg/1 and 0,5 mg/l and calcium concentrations of 0 mg/l, 1 mg/l, 2 mg/],
3 mg/l,4 mg/l and 5 mg/l respectively.

© IS0 2024 - All rights reserved
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Pipette 1,0 ml of filtrate A (see 5.1.2) and of the blank (see 5.1.2) into individual test tubes. Add 1,0 ml of
hydrochloric acid (5.3.2.4) followed by 8,0 ml of water to each test tube and mix. Determine the magnesium
and calcium concentrations in the diluted filtrate A, blank and calibration solutions by FAAS at wavelengths
of 285,2 nm for magnesium and 422,7 nm for calcium, using an oxidizing (blue) air/acetylene flame for
magnesium and a reduced (just bright) air/acetylene flame for calcium.

5.4.5 Calculations

Calculate the exchangeable magnesium and calcium contents in the soil samples using Formulae (5) and (6):

8,228 8(py —pPp3)

b(Mg, gxcir=
m
4,990 3 -
b(Ca,eXC ): (p4 pb4—)
m
where
b(Mg, exch) is the content of exchangeable magnesium in the soil, in\Centimoles positive
kilogram;
b(Ca, gxch) is the content of exchangeable calcium in the soil, in€entimoles positive charge pe
Pa is the concentration of magnesium or calcium inthe diluted filtrate A, in milligrar
Pb3 is the concentration of magnesium or caleittim in the diluted blank solutions, in
per litre;
m is the mass of air-dried soil material, in grams.

6 Testreport

The test report shall include the following information:

a) areference to this document, i.et.1S0O 13536:2024;

b) aprecise identification of the)sample;

c) detailq of storage of thedaboratory sample before analysis;

d) the redults of the déterminations:

1y
2)
3)
4)
5)

CHC, in centimoles positive charge per kilogram;

b(Na; exch), in centimoles positive charge per kilogram;

(5)

(6)

charge per

r kilogram;
ns per litre;

milligrams

b(K, exch), in centimoles positive charge per kilogram;
b(Ca, exch). in centimoles positive charge per kilogram;

b(Mg, exch), in centimoles positive charge per kilogram;

e) details of any operations not specified in this document or regarded as optional, as well as any factor
which could have affected the results.

© IS0 2024 - All rights reserved
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