INTERNATIONAL ISO
STANDARD 14388-2

First edition
2014-08-01

Soil quality - Acid-base accounting
procedure for acid sulfate soils —

Part 2:
Chromium reducible sulfur (CRS)
methodology

Qualité de'l'eau — Méthode de camptage acide-base pour les sols
sulfatés acides —

Partie 2:" Meéthode de sulfato’'réduction au chrome

-_— Reference number
=/ N— 1SO 14388-2:2014(E)

© IS0 2014



ISO 14388-2:2014(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2014
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2014 - All rights reserved



1SO 14388-2:2014(E)

Contents Page
FOT@WOIM ...k e85 888585588 iv
058 000 6 L0 ot (o) OO \%
1 SCOPI ...t 1
2 NOIINATIVE TEEFEITEIICES ..........ooooooeeeoeeeee oo seeeee et 1
3 Terms AN AEFINTTIOTIS ...t 2
4 PriNCIPIe ..o
4.1 Potential sulfidic acidity...........ccccies
4.2 Actual acidity and retained acidity
4.3 AcCid NEULTAlIZING CAPACIEY ..o
5 Reagents for analysis of chromium reducible sulfur............... e 2
6 AP PATARUS ...k 4
7 Procedure for determining chromium reducible sulfur ... 5
8 (001 Lot 01 P X0 (00 0T 03 T - o 7
9 Reagents for determination of pPHEK(c) @nd TAA ... 8
10 Procedure for determination of pHKC) @Nd TAA ... 9
10.1 Preparation of the suspension .9
10.2 Measurement of pHgcpA b A L e i S Ll i B e 9
10.3  MEASUTEIMENT OF TAA....oooo oo sssssse e s ss s s 10
11 (061 (ol V1= 10 [0) 0 T0Y i V- Vs NI W ieitetontentbeistostetonsBiutosiestiesiodibesiossstotbetiebes AU 11
12 Procedure for determination of sulfur, (Ske1), calcium (Cakcy), and magnesium (Mgkci)
extractable with 1 mol/1 potassium ChIOTIAC ... ot 11
13 Calculation of Skc, Cagcl, and MEgY /50 L3 882m 20 s 12
14 Reagents for determination of sulfur (Syc), calcium (Capyc)), and magnesium (Mgpci)
extractable with hydrocChloric @Cid...............co s 12
15 Procedure for determination of sulfur (Sycj), calcium (Caycj), and magnesium (Mgyci)
extractable with hydrochloric @Cid. ... 12
16 Calculation of net acid-soluble sulfur (Syas), calcium (Canas), and magnesium (Mgnas) 13
17 Reagents for determining acid neutralizing capacity by back-titration (ANCBT) ... 13
18 Procedure for determining acid neutralizing capacity by back-titration (ANCBT) -...cccooce. 14
18.1 Hotplate digestion with hydrochloric acid solution
18.2  Titration of unreacted acid in digested SOil SUSPENSION. ... 14
19 Alternatives for determination of acid neutralizing capacity ... 15
20 PIECISION .....ooooooe oo 0 15
21 T@ST TEPOTL ...k 16
BIDLEOZTAPIY . ...t 18

© 1S0O 2014 - All rights reserved iii



ISO 14388-2:2014(E)

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as informatiomdbotit ISO’s ddherenceto the WTOprinciplesjin the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 190, Soil quality, Subcommittee SC 3, Chemical
methods and soil characteristics.

ISO 14388 consists of the following parts;under/thelgeneral title' Soil quality ==<Acid-base accounting
procedure for acid sulfate soils:

— Part 1: Introduction and definitions, symbols and acronyms, sampling and sample preparation
— Part 2: Chromium reducible sulfur (CRS) methodology

— Part 3: Suspension peroxide oxidation combined acidity and sulfur (SPOCAS) suite analysis

iv © ISO 2014 - All rights reserved
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Introduction

The objective of this part of ISO 14388 is to determine the net acidity (or alkalinity) of acid sulfate soils
by providing a streamlined approach for determination of the various components of soil acidity and/or
alkalinity, depending on pH. The chromium suite combines the measurement of chromium reducible
sulfur (Scr) with various measures of existing acidity and acid neutralizing capacity (ANC) using a
decision-tree based on the value of pHkc) (Figure 1) as the basis for determining an acid-base account
for acid sulfate soils.

The results required to determine net acidity vary with the soil’s actual acidity, as represented by pHkc.
Table A.1 of ISO 14388-1 shows the analyses required for the Chromium suite. This table uses results
reported in acidity units. Alternatively, results in sulfur units can be utilized.

Take soil
sample

Pretreatment
of dry samples

Chromium SPOCAS
suite suite
Acid-base
accounting
Calculate

net acidity and
ameliorant rate

Key
acidity titration

a

b  sulfur determination

¢ acid neutralising determination
d

calculated parameter

Figure 1 — Chromium suite flow diagram
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Soil quality - Acid-base accounting procedure for acid
sulfate soils —

Part 2:
Chromium reducible sulfur (CRS) methodology

WARNING — Persons using this part of ISO 14388 should be familiar with usual laboratory
practice. This part of ISO 14388 does not purport to address all of the safety problems, if any,
associated with its use. It is the responsibility of the user to establish appropriate safety and
health practices and to ensure compliance with any national regulatory conditions.

1 Scope

This part of [SO 14388 specifies a suite of methods used to determine the net acidity in acid sulfate soils.
This part of ISO 14388 specifies a method for measuring chromium reducible sulfur (Scr) by iodimetric
titration of distilled hydrogen sulfide trapped as zinc sulfide, following acidic chromous chloride
digestion. This method determines inorganic sulfides (e.g. pyrite, marcasite, greigite, mackinawite) and
elemental sulfur in acid sulfate soil without interferences from organic sulfur and oxidized forms of
sulfur such as sulfate.

On a separate test portion of soil,.the pH.in a,1 mol/1-KGl soil;suspension (pHkc}) is determined. When
pHkql is < 6,5, titratable actualtacidity (TAA) is then determined. Subsequently, potassium chloride
extractable sulfur (Skc)), calcium (Cakgc)), and magnesium (Mggc)) can also be determined. Where
jarosite is identified in the soil (or where pHxkeris <457, net acid-soluble sulfur (Syas) is determined by
the difference between hydrochloric acid extractable sulfur{Sycy) and potassium chloride extractable
sulfur. On samples where pHkc) is'<"6,5,’acid neutralizing capacity is determined by measuring either
inorganic carbon (Cjy) by combustion furnace, or ANCgT (ANC measured by back-titration of acid
remaining following an acid digest).

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 385-1, Laboratory glassware — Burettes — Part 1: General requirements
ISO 648, Laboratory glassware — Single-volume pipettes
ISO 835-1, Laboratory glassware — Graduated pipettes — Part 1: General requirements

ISO 835-2, Laboratory glassware — Graduated pipettes — Part 2: Pipettes for which no waiting time is
specified

ISO 835-3, Laboratory glassware — Graduated pipettes — Part 3: Pipettes for which a waiting time of 15 s
is specified

ISO 1042, Laboratory glassware — One-mark volumetric flasks
ISO 1770, Solid-stem general purpose thermometers

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

© ISO 2014 - All rights reserved 1
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ISO 8655-1, Piston-operated volumetric apparatus — Part 1: Terminology, general requirements and user
recommendations

ISO 8655-2, Piston-operated volumetric apparatus — Part 2: Piston pipettes
ISO 8655-3, Piston-operated volumetric apparatus — Part 3: Piston burettes

ISO 10694, Soil quality — Determination of organic and total carbon after dry combustion (elementary
analysis)

ISO 14388, Soil quality — Acid sulfate soil — Part 1: Introduction, terminology, soil preparation and acid-
base accounting

3 Terms and definitions

For the purposes of this document the terms, definitions, symbols, units and abbreviated terms given in
[SO 14388-1 apply.

4 Principle

4.1 Potential sulfidic acidity

The potential sulfidic acidity is determined as chromium reducible sulfur (Scgr). In this method, sulfur
is distilled as H3S from acid sulfate soil digestedjin anjacidic chromous chloride solution produced by
the reaction of powdered chromium metal and hydrochloric acid. The'evolved H>S gas is precipitated as
ZnS in a zinc acetate/ammonia trapping solution-with the trapped sulfur, then quantified by iodimetric
titration.

4.2 Actual acidity and retained acidity

To determine actual acidity, a 1:40 suspension of soil in 1 mol/l KCI solution is shaken for 4 h and
allowed to stand overnight. The suspension is then briefly shaken prior to determining pH (pHkci). If
pHkq is less than 6,5, titratable actual acidity (TAA) is determined by titrating the soil suspension to
pH 6,5. After appropriate dilution of the soil suspension, potassium chloride extractable sulfur (Skci),
calcium (Cakcj) and magnesium (Mgkc]) are measured by suitable analytical technique(s). Where pHkc)
is < 4,5 (or where the presence of jarosite has been noted in the submitted sample), retained acidity is
determined as net acid-soluble sulfur (Snas). Net acid-soluble sulfur is the difference between 4 mol/I
hydrochloric acid extractable sulfur (Syc)) and potassium chloride extractable sulfur (Skcp). In highly
organic soils, Syas might overestimate retained acidity due to the inclusion of organic S in the result.

4.3 Acid neutralizing capacity

In soils where pHkc] > 6,5, and hence where there is a chance of acid neutralizing capacity (ANC) being
present, ANC can be estimated by various methods such as inorganic carbon analysis (e. g. Cin by
combustion furnace according to ISO 10694), and ANC by back titration (ANCgT). In this manner, a full
acid-base account can be made of the soil.

5 Reagents for analysis of chromium reducible sulfur

All reagents shall be of analytical grade. Deionised or glass distilled water of grade 2 as defined in
ISO 3696 shall be used throughout.

The purity of all reagents should be verified by performing a blank test for the presence of sulfur, calcium,
and magnesium. Reagents should also be tested for the presence of these elements whenever a change in
source is made (e. g. brand or batch).

Commercially available ampoules of standardized solutions can also be used where available.

2 © ISO 2014 - All rights reserved
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5.1 Chromium powder.

NOTE Different sources or batches of chromium powder can yield different blank values.

CAUTION — CHROMIUM DUST CAN BE TOXIC IF INHALED AND CAN REPRESENT A COMBUSTION
RISK. AVOID THE USE OF VERY FINE CHROMIUM POWDER.

5.2 Ethanol (C2H50H), 95 % solution.
5.3 Hydrochloric acid (HCl), p 1,16 g/ml.

5.4 Hydrochloric acid solution, 6 mol/l.

Dilute concentrated hydrochloric acid (5.3) with water.

5.5 lodine solution, 0,012 5 mol/l.

Dissolve 22,5 g + 0,1 g of potassium iodide in water and add 3,2 g + 0,01 g of iodine. After the iodine has
dissolved, dilute to 1 1 with water. Standardize iodine solution against the standardised 0,025 mol/]
sodium thiosulfate solution (5.8) using the starch solution (5.9) as an indicator. Calculate the molarity
(C) of the iodine solution, in moles per litre, according to Formula (1):

_F><D
2xE

@)

1

where
D s the titration volume of standard sodium thiosulfate solution, in millilitres (ml);
E  isthe volume of iodine solution titrated, in millilitres (ml);

F  isthe molarity of sodium thiosulfate solution tsed, in mole per litre (mol/1);

The iodine solution should be standardised on a daily basis, or immediately prior to use.
5.6 Nitrogen gas, high purity grade.

5.7 Sodium hydroxide solution (NaOH), 6 mol/1.

CAUTION — Solid sodium hydroxide is caustic and hygroscopic, and should be stored away from
water.

Dissolve 240 g + 1 g of solid sodium hydroxide in water, then transfer quantitatively to a 1-1 volumetric
flask. Cool to room temperature and fill to the mark with water.

5.8 Sodium thiosulfate solution, 0,025 0 mol/I (standardized).

Accurately weigh 6,205 g + 0,001 g of NaS203 - 5 H20 and dissolve in water. Transfer quantitatively to a
1-1 volumetric flask. Add 1,5 ml + 0,01 ml of 6 mol/l sodium hydroxide solution (5.7) and fill to the mark
with water. Standardize against potassium iodate or potassium dichromate solutions.

NOTE Commercially available ampoules of standardized sodium thiosulfate solution can also be used.

5.9 Starch indicator solution.

Dissolve 2,0 g £ 0,1 g of arrowroot starch and 0,20 g + 0,01 g of salicylic acid in 100 ml of hot water. Allow
to cool to room temperature before use.

© ISO 2014 - All rights reserved 3
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5.10 Zinc acetate/2,8 % ammonia solution (trapping solution).

Dissolve 30 g £ 0,5 g of zinc acetate dihydrate in 750 ml water. Add 100 ml of 28 % ammonia solution.
Transfer to 1-1 volumetric flask and fill to the mark with water.

6 Apparatus

Grade A volumetric glassware shall be used throughout. Volumetric flasks shall comply with ISO 1042
and pipettes shall comply with ISO 648 and ISO 835-1, ISO 835-2 and ISO 835-3. The use of volumetric
glassware shall conform to ISO 8655-1, ISO 8655-2, and ISO 8655-3.

6.1 Automatic titration instrument or pH meter, with slope adjustment and temperature control
capable of measuring to an accuracy of 0,01 pH units.

6.2 Beaker or other container, with capacity of at least 450 ml, made of polyethylene, glass, or similar
inert material.

6.3 Burette, A-grade, 10 ml capacity, graduated at 0,02 ml intervals, complying with Class A according
to ISO 385-1, or a similarly accurate digital burette or a suitably calibrated burette from an automatic
titration instrument can be used.

6.4 Centrifuge, capable of centrifuging 80 ml and 400 ml of suspension.
6.5 Dispenser 1 (manual or automatic), capable of accurately dispensing 50 ml and 80 ml + 0,5 ml.

6.6 Double-necked digestion flask, of 250 ml capacity made of borosilicate glass, with ground-glass
or quick-fit joints capable of forming a gas-tightseal: 1Jse:round-bottomed flask if employing a heating
mantle, or flat-bottomed fonhotplates:

6.7 Balance 1, capable of weighing to an accuracy of + 0,01 g.

6.8 Balance 2, capable of weighing to an accuracy of + 0,001 g.

6.9 Balance 3, capable of weighing to an accuracy of + 0,000 1 g.

6.10 Erlenmeyer flask, of 100 ml capacity made of borosilicate glass.

6.11 Filter paper, thick, medium speed, high retention.

6.12 Funnel, made of glass or plastic for supporting filter paper.

6.13 Glass beaker borosilicate (digestion beaker), a tall form and 250 ml capacity recommended.

6.14 Heating mantle or electric hotplate, with adjustable temperature control, capable of maintaining
gentle boiling of the digestion solution.

6.15 pH electrodes, glass electrode and a reference electrode, or a combination pH electrode of
equivalent performance.

NOTE In soil suspensions, the danger of deterioration of performance caused by breakage or contamination
of the electrodes is increased.

6.16 Pasteur pipette, glass.

4 © ISO 2014 - All rights reserved
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6.17 Pipettes, 25 ml pipettes or piston operated volumetric apparatus (POVA) can be used.

6.18 Pressure equalizing funnel, of 100 ml capacity made of borosilicate glass with ground-glass or
quick-fit joints capable of forming a gas-tight seal.

6.19 Reflux condenser, straight-through type with conical ground-glass joints.

6.20 Sample bottle, of 100 ml to 250 ml capacity to allow efficient mixing and also to minimize the
head space, made of polyethylene or other inert material, with a tightly fitting cap or stopper to prevent
leakage.

Sample bottle and stopper should be made of material not containing sulfur.

6.21 Shaking or mixing machine, capable of keeping soil particles continuously in suspension.

NOTE For example, end-over-end shaker.

6.22 Steambath, or electric hotplate, with adjustable temperature control, capable of maintaining the
digestion solution between 80 °C and 90 °C.

6.23 Stirrer, overhead propeller, or magnetic type with polytetrafluoroethylene (PTFE) coated stirrer
bar or stirring rod capable of stirring 400 ml of suspension.

6.24 Thermometer, capable of measuringto the nearest 1 °C and complying with Type C according to
[SO 1770 is required, connected to-an autematic titrdtor,6r pH:meter.

6.25 Titration vessel, capacity of at least, 100.m], made of polyethylene or other inert material.

6.26 Wash bottle with narrow aperture; containingswater.

7 Procedure for determining chromium reducible sulfur

Accurately weigh a test portion of 0,50 g + 0,05 g (6.8) of the test sample prepared in accordance with
ISO 14388-1, into a tared digestion flask (6.6) (see Figure 2) and record the mass (m1). Subject at least
one blank to the same extraction procedure as the test portion in each analytical run.

The optimum weight of soil material to digest depends on the reduced inorganic sulfur content. If
analysing soil materials of known high sulfide content, use a smaller test portion. Where the reduced
inorganic sulfur contents can be assessed, the following guidelines are useful for determining the
optimum test portion to use.

1) For a test sample with an Scr content of < 0,5 %, a 3 g test portion is recommended.

2) For a test sample with an Scr content of > 0,5 % but <1 %, a 0,5 g test portion is recommended.
3) For atest sample with an Scgr content of 21 %, a 0,1 g test portion is recommended.

4) If the Scr content is not known, then a test portion of at least 0,5 g should be used.

5) If alarge quantity of reduced inorganic sulfur is digested, then this can exceed the capacity of the
zinc acetate solution to trap the HS as ZnS or result in the use of excessive volumes of iodine titrant.

6) If too small a quantity of reduced inorganic sulfur is digested, then only very small quantities of
H3S is generated, which results in very small volumes of iodine titrant being used and therefore low
analytical precision.

© IS0 2014 - All rights reserved 5
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