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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 maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
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

The ‘SPOCAS’ suite uses the suspension peroxide oxidation combined acidity and sulfur (SPOCAS)
method as the basis for determining an acid-base account for acid sulfate soils. Like the chromium suite,
a decision-tree type process is followed (Figure 1). Various components of soil acidity and/or alkalinity
are determined, depending on pH. Once the decision-tree process is completed, the various components
can be used to calculate an acid-base account.

The results required to complete the acid-base accounting vary with the soil’s existing acidity, as
represented by pHgcl. Table A.2 in ISO 14388-1:—1 shows the analyses required for the SPOCAS suite.
Thifp table uses results reported in acidity units. Alternatively, results in equivalent sulfurupits may be
utiljzed.

1) To be published.
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Weigh Weigh
sample sample
KCI Half Peroxide
extraction weight digest
H H
PFikc oH =2 PHox
pH > 6,5

- HCl-titration to pH 4
6,52pH>2 (Dissolves excess carbonate)

< Extra peroxide digest
Titrate Titrate Titrate
suspension suspension suspension
topH 6,5 to pH 6,5 to pH 6,5

TAA d TPA ANC.
bHyc, = 6,5 ——++—— If pHoy = 6,5 If pHox < 6,5
TAA=0 TPAE =0 ANCE =0

Dilute DiuN Dilute
and filter and filter and filter

b d b
Skei [T "‘_ _____________ Sp

c d c
Cagg [———— " _____________ Cap

c d c
Mgk ——<7== "‘— ————————————— Mgp

(or jarosite in soil)
- rinse and filter
- extract in HCI

=

Sras®

Key
a Acidity titration ¢  Cation/acid neutralising e  Alternatively, Syas may be substituted for Sgras

b Sulfur determination d  Calculated parameter

Figure 1 — Flow diagram of SPOCAS suite
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Soil quality — Acid-base accounting procedure for acid
sulfate soils —

Part 3:
Suspension peroxide oxidation combined acidity and

WARNING — Persons using this International Standard should be familiar with‘usual laboratory

Thi
Thi
soil
chl
test
acid

tice. This standard does not purport to address all of the safety problems;if any,

ith its use. Itis the responsibility of the user to establish appropriate safety@nd healt

to ensure compliance with any national regulatory conditions.
Scope

5 part of ISO 14388 specifies a method for the determinatieniof pH in a 1 mol/I potassiu
suspension (pHkc) and where required, titratable actual acidity (TAA). Following this,
ride extractable sulfur (Skcy), calcium (Cakcy) and magnesium (Mgxc]) are determined. O
portion, following digestion with 30 % hydrogen petoxide, peroxide pH (pHox), titratab
ity (TPA) and excess acid neutralizing capacity (ANCg) are determined. Following thi

sul
or

ur (Sp), calcium (Cap) and magnesium (Mgp) aredetermined. On samples where jarosite
here pHkc] is < 4,5, residual acid soluble sulfur (Sras) is determined on the soil residue

ssociated
practices

5 part of ISO 14388 specifies a suite of methods used to determine net acidity in acid sylfate soils.

m chloride
potassium
aseparate
e peroxide
5, peroxide
is present,
remaining

aftdr peroxide digestion. Titratable sulfidic agidity (TSA), reacted calcium (Cap), reacted fnagnesium

(Mga) and peroxide oxidizable sulfur (Spgs) are then determined by difference. For pe
confaining substantial levels of organicsulfur, the SPOCAS suite is generally unsuitable for
sulflide content, and the chromium redueible suite of procedures should be used instead.

2
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Normative references

following referenced-documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
ument (includingany amendments) applies.

648, Laboratory glassware — Single-volume pipettes
835, Laboratory glassware — Graduated pipettes

1042, Laboratory glassware — One-mark volumetric flasks

ht samples
estimating

. For dated
referenced

ISO
ISO

1770, Solid-stem general purpose thermometers

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

ISO 8655-1, Piston-operated volumetric apparatus — Part 1: Terminology, general requirements and user
recommendations

ISO
ISO
ISO

©IS

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

8655-5, Piston-operated volumetric apparatus — Part 5: Dispensers
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1SO 14388-1:—32), Piston-operated volumetric apparatus — Part 5: Dispensers

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 14388-1 apply.

4 Principle

4.1 Actyal acidity and retained acidity

To determ|ne actual acidity, a 1:40 suspension of soil in 1 mol/1 KCl solution is shaken for.4.h pnd
allowed to[stand overnight. The suspension is then briefly shaken prior to determining pH (pHkc[). If
pHkcl is legs than 6,5, titratable actual acidity (TAA) is determined by titrating the soil suspensioh to
pH 6,5. Aftler appropriate dilution of the soil suspension, potassium chloride extractableysulfur (Skc1),
calcium (Cakc)) and magnesium (Mggkc)) are measured by suitable analytical technigae(s). Where pHkc)
is < 4,5 (orf where the presence of jarosite has been noted in the submitted sample); retained acidlity
can be det¢rmined as residual acid-soluble sulfur (Sras). This is measured by 4mol/l hydrochloric acid
extraction jof the soil residue remaining after the peroxide digestion of the soiHollowing determinagion
of titratable peroxide acidity (after appropriate washing of the residue‘to' remove soluble sulfjte).

acid-soluble sulfur, Syas). The former approach is preferable in highly organic soils where Snas
overestimgte retained acidity due to the inclusion of organic S in-the result.

4.2 Titratable peroxide acidity, excess acid neutralizing capacity and potential sulfidfc
acidity

A separate|test portion of soil is digested with 30 % hydrogen peroxide and acidity is generated ffom
the oxidation of sulfides (and organic matter where present). Following digestion, pHox is measyred
on the digdst solution. If the pH after initial peroxide digestion is < 6,5 then KCl solution is added to|the
sample which is then titrated to pH 6,5 to détermine titratable peroxide acidity (TPA). If after peroxide
digestion the pH is > 6,5 a HCl titration to pH 4 is performed, followed by an additional peroxide digest
step. This allows the calculation of exeess acid neutralizing capacity (ANCEg), i. e. the available AN[ in
excess of that needed to neutralize\the potential acidity from the presence of sulfides or other fcid
generating|species in the soil.

After apprppriate dilution of\the soil suspension, peroxide sulfur (Sp), calcium (Cap) and magnesjum
(Mgp) are measured by suitable analytical technique(s). These analytes allow the calculation of varjous
other soil parameters.{Acid neutralizing capacity can also be calculated from reacted calcium ((aa)
and magngsium (Mga) results (i. e. the difference in soluble calcium and magnesium before and affter
peroxide okidation).

Potential
determined 3
peroxide and KCI- extractable sulfur (SKCID

qulfidic ac1d1ty, (the ac1d1ty latent in reduced 1norgan1c iron sulflde compounds) car] be
: : (Sp)

5 Reagents

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).

2) To be published.
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5.1 Calibration solutions for the pH meter

5.1.1 General

For pH determinations, buffer solutions as specified in 5.1.2 and 5.1.3 are sufficient for calibrating the pH
meter. It is the responsibility of the analytical laboratory to verify the accuracy of the buffer solutions.

NOTE Commercially available buffer solutions covering a comparable pH range may be used.

5.1.2 Buffer solution, pH 4,00 at 20 °C

Disgolve 10,21 g + 0,01 g of potassium hydrogen phthalate (CgH5K04) in water and dilute to<1 000 ml.

5.1/3 Buffer solution, pH 6,88 at 20 °C

Disgolve 3,40 g+ 0,005 g of potassium dihydrogen phosphate (KH;P04) and 3,55g+ 0,005 g qf disodium
hydirogen phosphate (NazHPO4) in water and dilute to 1 000 ml.

5.1/4 Buffer solution, pH 9,22 at 20 °C (see Clause 4 in ISO 14254:2007)

Dissolve 3,81 g + 0,005 g of disodium tetraborate decahydrate (NaB407 - 10 H20) in water] and dilute
to 1000 ml.

NOTE The buffer solutions as specified in 5.1.2, 5.1.3 and_5¢1.4 are stable for one month wh¢n stored in
polyfethylene bottles.

5.2| Copper chloride solution, 400 mg Cu/l as CuCl} - 2 H,0
Dissolve 1,073 g of copper (1) chloride dihydrate(CuCl; - 2 H20) in water and dilute to 1 000 ml at 20 °C.

5.3| Hydrochloric acid (HCl), p 1,16 g/ml

5.4 Hydrochloric acid solution, 0,5 mol/1

Add 50 ml of concentrated hydrochloric acid (5.3) with stirring to approximately 700 ml of vater. Cool
to rloom temperature, transfer' to a 1 1 volumetric flask and fill to the mark with water. Standardize
agajnst disodium tetraborate decahydrate (NapB407 - 10 H20) and calculate molarity of hydrochloric
acid solution (C3).

Solutions made by diluting commercially available ampoules may also be used.

5.5| Hydrochloric acid solution, 4 mol/]

Add 400'ml of hydrochloric acid (5.3) with stirring to approximately 400 ml of water. Cool to room
temperature, transfer to a 1 1 volumetric flask and fill to the mark with water.

5.6 Hydrogen peroxide (H202), 30 % (w/w) (bulk peroxide for digestion)

WARNING — HYDROGEN PEROXIDE IS A CORROSIVE OXIDIZING AGENT. CONTACT WITH
COMBUSTIBLE MATERIAL MAY CAUSE FIRE. AVOID CONTACT WITH SKIN AND EYES.

5.6.1 Checking acidity of hydrogen peroxide

Hydrogen peroxide solutions (5.6) can contain appreciable acidity, especially if the pH is less than 3,5.
If the pH is less than 3,5 then the acidity of the peroxide should be quantified to ascertain whether the
blank is unacceptably high. Add 20 ml of 30 % hydrogen peroxide (5.6) to 30 ml of water and note the
pH. Follow the same procedure as for a sample digest, including the decomposition of peroxide with
copper chloride solution and addition of potassium chloride. Measure the pH and titrate to pH 6,5 (if

© ISO 2014 - All rights reserved 3
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required) and calculate the acidity of the blank. If the titration for the blanks yields a result in excess of
the equivalent of 6 mmol H+/kg, then either switch to another batch of hydrogen peroxide with lower
acidity, or alternatively partially neutralize the 30 % peroxide to a pH of approximately 5,0 with sodium
hydroxide solution (5.10.2). In either case, repeat the blank determination to ensure acceptably low
acidity.

5.6.2 Checking sulfur content of hydrogen peroxide

As sulfur is commonly measured in solutions following TPA determination, the sulfur content of the
peroxide should be determined. Acceptable sulfur values are below 0,000 5 % S.

NOTE Technical grade peroxides are not recommended as they are usually acid stabilized andyyary
considerably between bottles in both sulfur content and pH.

5.7 Hydrogen peroxide H202, 30 % (w/w) (pH adjusted)

NOTE1 Thisreagentis used to oxidize ferrous ions in the final titration. This reagent is notfor the digestign of
samples (fof which see 5.6).

Where pH [of bulk peroxide (5.6) is less than 5,5, adjust pH to 5,5 # 0,1 by adding 0,05 mol/I sodjum
hydroxide [5.10.2) drop-wise with stirring, ensuring that this pH value remains stable thereafter.

NOTE2  Refer to Warning in 5.6.

5.8 Potassium chloride solution, 1 mol/l

Dissolve 74,55 g of potassium chloride in water, transfer to.&1 000 ml volumetric flask and fill to[the
mark with[water.

5.9 Potassium chloride solution, 2,66 mol/1

Dissolve 198,80 g of potassium chloride in water, transfer to a 1 000 ml volumetric flask and fill to|the
mark with[water.

5.10 Sodipm hydroxide (NaOH) solutions

5.10.1 0,25 mol/l sodium hydroxide solution

Dissolve 13),1 g + 0,1 g of sodium hydroxide in water, transfer quantitatively to a 1 000 ml volumdtric
flask and ffill to the mark with water. Standardize against potassium hydrogen phthalate previofisly
dried for 4 |h at 105 °C afid-stored in a desiccator. Calculate the molarity of the sodium hydroxide solution

(C1)-

Solutions made by diluting commercially available ampoules may also be used.

5.10.2 0,05-melA-sedinvmhydrexideselution

Dissolve 2,05 g £ 0,05 g of sodium hydroxide in water, transfer quantitatively to a 1 000 ml volumetric
flask and fill to the mark with water. Standardize against potassium hydrogen phthalate previously
dried for 4 hat 105 °C and stored in a desiccator. Calculate the molarity of the sodium hydroxide solution

(C2).
Solutions made by diluting commercially available ampoules may also be used.

The actual molarities of the standardized sodium hydroxide solutions (C1, C2) shall be used in the
calculation, not their nominal molarities.

Solutions shall be prepared fresh each day or alternatively may be stored in apparatus capable of
excluding CO;. Solutions should be stored in high density polyethylene or borosilicate glass containers.

4 © ISO 2014 - All rights reserved
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Absorption of CO2 changes the concentration of sodium hydroxide solutions and decreases the extent of
the reaction near the end point in titration of weak acids. Solutions shall be standardized at least weekly,
or immediately prior to use and discarded one month after being prepared.

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. The use of volumetric glassware shall conform to
[SO 8655-1, ISO 8655-2, ISO 8655-3 and ISO 8655-5.

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

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

6.3| Burette, A-grade, 10 ml capacity, graduated at 0,02 ml intervalser a similarly accufate digital
burptte, or a suitably calibrated burette from an automatic titration instturnent may be used.

6.4| Centrifuge, capable of centrifuging 400 ml of suspension.

6.5| Dispenser 1 (manual or automatic), capable of dispenhsing 80 ml * 0,5 ml.
6.6| Dispenser 2 (manual or automatic), capable ofdispensing 30 ml + 0,25 ml.
6.7| Balance 1, capable of weighing to an accuracy of + 0,000 1 g.

6.8| Balance 2, capable of weighing to an‘accuracy of + 0,01 g.

6.9| Filter paper, thick, medium speéd, high retention.

NOTE Paper of 185 mm diameter has been found suitable.
6.1 Funnel, made of glass or plastic for supporting filter paper.

6.1l Glass beaker.borosilicate (digestion beaker), tall form, 250 ml capacity recommended|with 50 ml
volume level cledrly’and accurately marked.

6.12 pH electrodes, glass electrode and a reference electrode, or a combination pH electrode of
equfivalent performance.

NOLE F-SOH-SHSPeRSion
of the electrodes is increased.

htamination

6.13 Pipettes, 1 ml to 10 ml range or 1 ml and 10 ml pipettes, or piston-operated volumetric apparatus
(POVA) may be used in accordance with ISO 8655-1, ISO 8655-2 and ISO 8655-3.

6.14 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.

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

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

© IS0 2014 - All rights reserved 5
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NOTE

For example, end-over-end shaker.

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

6.17 Stirrer, overhead propeller, or magnetic type with polytetrafluoroethylene (PTFE) coated stirrer

bar or stirr

ing rod capable of stirring 400 ml of suspension.

6.18 Thermometer or temperature sensor, capable of measuring to the nearest 1 °C and complying

with Type

~

according to ISO 1770 is required, connected to an automatic titrator or pH meter.

6.19 Titr4

6.20 Wasl

7 Procé€

7.1 Preparation of the suspension

tion vessel, capacity of at least 100 ml, made of polyethylene or other inert material.

1 bottle with narrow aperture, containing water.

dure for determination of pHkc) and TAA

Weigh a tes
into a tare
subjected

Using the d
bottle to m
for4 h + 0,
12 h, butn

The test pd
soil weight

Using the
automatic
titration v

NOTE '

7.2 Measurement of pHic)

7.2.1 Cal

i

ispenser (6.5), add 80 ml = 0,5 ml of 1 mol/I potassium chloride solution (5.8) to the sample

t portion of 2,0 g + 0,1 g (6.8) from the test sample prepared in accordance with ISO 1434
sample bottle (6.14) and record the mass to 0,01 g (m1).4t€ast one solution blank shoul
the same procedure as the test portion in each analytical run.

ake a 1:40 soil solution ratio. Place stopper in saiple bottle and shake or mix the suspen
25 h, using the shaking or mixing machine (6.15). Allow the suspension to stand for at |
b more than 16 h ensuring that the sample t€mains sealed.

rtion shall be a minimum of 2 g, but a larger test portion may be used, provided the rati
to potassium chloride solution voluine remains at 1:40.

haking or mixing machine (6.15), shake the suspension for a further 5 min. If using
fitration instrument, quantitatively transfer the contents of the sample bottle (6.14) to
ssel (6.19) via a wash bottle (6.20) using a minimum amount of water.

'he time between re-suspénsion and titration should be minimised to limit oxidation.

ibration of'automatic titrator, or pH meter

Calibrate t

using the quffer solutions specified in 5.1.

he automatic titrator or pH meter (6.1) according to the manufacturer’s recommendati

8-1
l be

bion
past

o of

an
the

bns,

There shall be a regular check of the calibration of the pH electrode.

7.2.2 Measurement of pH

Measure the temperature of the suspension to ensure that it is within 1 °C of the temperature at which
the pH electrode was calibrated.

Measure the pH in the suspension while it is being stirred.

NOTE 1
entrainmen

t of air should be avoided.

The stirring should be at a rate to achieve a homogeneous suspension of the soil particles, however,

© ISO 2014 - All rights reserved
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Record the pH value to 0,1 pH units after stabilization is reached and report as pHkc].

NOTE 2  The reading may be considered stable when the pH measured over a period of 10 s varies by not more
than 0,02 pH units. The time required for stabilization is usually 1 min or less, but may depend on a number of
factors including:

a) the value of pHkc) (at high pH values, it is more difficult to reach stabilization):

b) the quality of the glass electrode (differences of manufacture between electrodes) and its age;

c) thedifferences in pHgc) between samples in a series; and

d) [whether mechanical mixing is performed before the measurement, which helps to agchfieve stable
readings in a shorter time.

7.3] Measurement of TAA

7.3{1 General

Megsurement of TAA involves titration (6.3) of the stirred soil suspension and should be elther of the
follpwing:

If ap automatic titrator is being used, the volume of sodium hydroxide added in each increment should
decrease as the end point pH is approached. Follow automaticttitrator operation manual.

When titrating manually, the following should be observed:

a) |Care should be taken not to overshoot the end point pH. Keep a record of titration vqlumes and
associated pH values as the pH 6,5 end point is, approached. This allows an accurate interfpolation of
end point volume, if the end point pH is slightly exceeded in the titration.

b) |The titration volume is dependent on the rate at which the sodium hydroxide solution is pdded. As a
guide when titrating manually, the following points should be observed:

a) Sodium hydroxide solution(should be added at a slow constant rate (e. g. drop-wis¢ every 1 to
2 s), allowing pH increase to keep pace with sodium hydroxide addition.

b) When within 1 pH unitof end point (i. e. pH > 5,5) stop titration and let pH stabilize
¢) Resume titration at a decreased rate and bring pH to between 6,3 and 6,5.
d) Titrate to theyénd point and wait for 20 s.

e) Continué titrating in the same manner until pH drops by < 0,1 pH units in 20 s (asspming that
the€nd point has not been overshot by more than 0,1 units).

c) |As,a'guide, 5 min would be an average time for manual titrations (for TAA > 100 mmol H*/kg).

7.3.27 Procedure based on pHKc) result
Depending on the resulting pHkc) value obtained in 7.2.2 (c), select one of the following options:

a) If pHkcl < 4,0, titrate with stirring to pH 6,5 using standardized 0,25 mol/l sodium hydroxide
solution (5.10.1) and record volume (V4).

b) 1f4,0 < pHkc < 6,5, titrate with stirring to pH 6,5 using standardized 0,05 mol/I sodium hydroxide
solution (5.10.2) and record volume (V7).

c) IfpHgkcr = 6,5, no titration is required and TAA is zero.

d) IfpHgc)ofthe blankisless than 6,5, titrate with stirring using 0,05 mol/1 sodium hydroxide solution
(5.10.2) and record the volume (V7).
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8 Calculation of TAA
Calculate the TAA in mmol H*/kg according to Formulae (1) and (2):
a) When 0,25 mol/1 NaOH is used:

TAA=[(V;xCy)—(VoxCz)|x[1000/m ] @

b) When 0,05 mol/1 NaOH is used:

TAA = [tV =7 +666+m] 2)
where:
V1 is the volume of sodium hydroxide required to reach the pH end point, in millilitres (ml);
%) is the volume of sodium hydroxide required for the blank, in millilitresy(ml);
C1 is the standardised concentration of 0,25 mol/l sodium hydroxide.sélution, in mole pef

litre (mol/1);

) is the standardised concentration of 0,05 mol/1 sodium hydroxide solution, in mole pef
litre (mol/1);

m1 is the mass of the oven-dried test portion, in grams:

9 Procgdure for determination of sulfur (Sgc¢)), calcium (Cakc)) and magnesiun
(Mgkc1) ¢xtractable with 1 mol/l potassium chloride

=]

The procedure for dilution and filtration of soil'suspension following TAA titration shall be as follows:

After comp]letion of the procedures in Clause7, quantitatively transfer the contents from titration vessel
(6.19) to aftared or weighed beaker (6.2) with water. Subject the solution blanks from Clause 7 to|the
same proc¢dure.

Dilute the quspension with waterto a final volume appropriate to the analytical instrumental technigue.
NOTE1  This can be achieved\by using the balance (6.8), taking into account the mass of the beaker or other

container (f.2), the density©fithe potassium chloride matrix (which is dependent on the final volume chosen)|and
the mass of the test portion-in Clause 7.

Homogenize the suspension with a mechanical stirrer or stirring rod (6.17).

Centrifuge|(64) ‘or filter (6.9) an appropriate volume of the homogenized soil suspension to obtajn a
clear solutfori.

Take volumes of centrifuged or filtered solution (sufficient for the instrumental finish to be employed)
and determine potassium chloride extractable sulfur (Skcj), calcium (Cakcy) and magnesium (Mgkci)
using appropriate analytical techniques. For sulfur measurement, instrumentation that specifically
determines sulfate is preferable to that which measures total sulfur in solution. An example of a
technique that is specific to sulfate is ion chromatography (IC). To obtain accurate and reproducible
results it is necessary to have an appropriate column that will handle high levels of chloride introduced
by the potassium chloride solution matrix.

NOTE 2  Instruments that determine all sulfur species in solution (e. g. ICP-AES) may give higher results than

instruments that specifically measure sulfate. This is particularly the case in soils high in organic matter that
contain appreciable potassium chloride extractable organic sulfur.
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10 Calculation of Skc), Cakc) and Mgk

Calculate potassium chloride extractable sulfur (Skcj), calcium (Cakc)) and magnesium (Mgkc)) taking
into account their respective solution blank concentrations and the mass of the test portion used in

Clause 7 and express as percentages on an oven-dry weight basis.

11 Procedure for determination of peroxide pH (pHox), titratable peroxide acid-

ity (TPA) and excess acid neutralizing capacity (ANCEg)

11.1.1 Weigh a test portion of 2,0 g + 0,1 g (6.8) from the test sample prepared in)aecor
[SO|14388-1 into a tared beaker (6.11) and record the mass to 0,01 g (my). At least two solu
shopld be subjected to the same procedure as the test portion in each analyticalfun. When o
of the test portions undergo the carbonate modification (see 11.3), one of the blanks should al
thig procedure. If analysing soil of known high sulfide content (i. e. > 2 % $)tise a smaller 4
mags (e.g. 1,0 g + 0,05 g). Alternatively, see 11.2.3.1.

11.1.2 In a fume cupboard, digest the test portion by adding 10 mlef H20; (5.6) using a pif

Hance with
Fion blanks
[ne or more
50 undergo
est portion

ette (6.13)

then gently swirl to mix. At the first sign of a vigorous reactieh, add water via wash bottle (6.20) to

suppress the subsequent reaction.

TION — Soils high in sulfide or organic matter have the potential to react vio
ition of water via wash bottle (6.20) at the first sign of a vigorous reaction should
subsequent reaction. Great care needs to be‘taken to avoid samples bubbling/fro
en the initial aliquot of peroxide is added.

If the reaction becomes overly vigorous and any loss of the digest solution occurs, the proc
be 1
10

1 of H207 (5.6) incrementally.

11.1.3 30 min after the peroxide addition, swirl digest solution to achieve a homogeneous s
ringe the inside wall of the beaker with water using a wash bottle (6.20). Add water with
malke the total volume of suspension in the beaker from 45 ml to 50 ml to minimize the p
pregipitation of sulfates.

[tislimportant to maintain this volume throughout the remaining digestion by regular additi
and) also to periodieally swirl the digested solution (at least every 10 min) to prevent soil fr
on gdnd adheringo'the bottom of the beaker during the subsequent hotplate/steambath heat
Rinping the inside wall of the beaker with small amounts of water also serves to dissolve an|
may have accumulated there.

ntly. The
moderate
thing over

bdure shall

epeated with a 1 g test portion. In this«¢ase, first add 10 ml of water to the test portion, followed by

uspension,
swirling to
btential for

n of water,
m settling
ing stages.
[y salts that

h 80 °C and

11.14- Place the beaker on a hotplate or steambath (6.16) to maintain digest solution betwee
90 . . C ) . .

the appropriate scenarios from those described below:

d water to

wash soil residue from the insid.e of the beaker and also to maintain volume from 45 ml to. 50 ml. Follow

a) A digest solution that reacts vigorously at this stage (e. g. vigorous effervescence) needs to be
temporarily removed from the hotplate and/or the reaction moderated with the addition of water.

When the reaction has moderated, replace the digest solution on the hotplate. When

the digest

solution has ceased reacting while on the hotplate, as evidenced by cessation of effervescence,

remove it from the hotplate. In a digest solution where a reaction is still taking place, it
from the hotplate when 30 min has elapsed.

b)
ceases and then removed from the hotplate. Where a reaction is still taking place after
elapsed, remove the digest solution from the hotplate.

© IS0 2014 - All rights reserved
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c) For a digest solution that did not obviously react following hydrogen peroxide addition prior to
being initially placed on the hotplate, and subsequently failed to do so while on the hotplate, remove
from the hotplate when 30 min has elapsed.

d) A digest solution that reacts vigorously after initial addition of hydrogen peroxide and fails to react
further while being on the hotplate for 10 min shall be removed. Such a digest solution typically has
a yellow green colour (indicative of soluble iron from the oxidation of pyrite), with all the peroxide
generally having been consumed prior to being placed on the hotplate.

11.1.5 Allow digest solution to cool to room temperature.

11.1.6 Ad¢l a second 10 ml aliquot of Hp07 (5.6), waiting 10 min before returning the beaker to|the
hotplate. Fpllow the appropriate scenario outlined in 11.1.4, maintaining volume above 45 ml jn-all cqses.

11.1.7 Allpw digest solution to cool to room temperature and if volume is below 50 mlmake up to [this
volume with water.

11.2 Meajsurement of pHox

11.2.1 Caljibration of automatic titrator, or pH meter (see 7.2.1).
11.2.2 Measurement of pH

11.2.2.1 Measure the temperature of the suspension to ensure;that it is within 1 °C of the temperatuge at
which the ¢lectrode was calibrated.

11.2.2.2 Measure the pH in the suspension while it is\being stirred.

NOTE 1 he stirring should be at a rate to achieve a homogeneous suspension of the soil particles, howgver,
entrainmeng of air should be avoided.

11.2.2.3 Record the pH value to 0,1 pH units after stabilization is reached, and report as pHogx.

NOTE 2  The reading may be considered stable when the pH measured over a period of 10 s varies by not nhore
than 0,02 pH units. The time required-for stabilization is usually 1 min or less, but may depend on a numbé¢r of
factors inclIding:

i)  the valye of pHopy (at highpH values, it is more difficult to reach stabilization);
ii) the qudlity of the glass electrode (differences of manufacture between electrodes) and its age;

iii) the differences-in'pHpx between samples in a series; and

iv) whethgr mieéchanical mixing is performed before the measurement, which helps to achieve stable readings in
a shortpr time.

11.2.3 Procedures based on pHox result

Depending on the resulting pHpx value obtained in 11.2.2.3, select one of the following procedures:

11.2.3.1 If pHox < 2,0 (indicating high sulfide levels), repeat from 11.1.1 using half of the original test
portion.

11.2.3.2 If 2,0 < pHox < 6,5, continue with peroxide decomposition step (11.4).

11.2.3.3 A suspension with pHox > 6,5, treat according to the carbonate modification (11.3), before
continuing with peroxide decomposition (11.4).
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11.3 Carbonate modification (HCI titration to pH 4)

11.3.1 If pHoy is greater than or > 6,5, quantitatively transfer suspension to a titration vessel (6.19) (if
not titrating in digest beaker) using a minimum quantity of water.

11.3.2 While stirring perform a slow titration (typically 10 min to 30 min, if using an auto-titrator) to pH
4 with standardized 0,5 mol/I hydrochloric acid (5.4). Record the total volume (V3) of hydrochloric acid
added and its molarity (C3). If the target pH 4 end point is slightly overshot during titration, use the full
volume of hydrochloric acid added in the titration for calculating the hydrochloric acid titration result.

However, if the pH of the suspension stabilizes below 3,5, the analysis shall be repeated with a

nother test

por

NOT
The
detd
bety
the
an a
voly
if tif

11.

fion. Do not perform hydrochloric acid titration on the blank sample.

E This hydrochloricacid titrationis designed to dissolve carbonate not consumed duringper
presence of carbonates and/or high pH can interfere with the efficiency of peroxide oxidation of s
rmination is used to calculate the excess acid neutralizing capacity (ANCE) of the test Sample. ]
veen solid carbonate in soil suspension and the added acid is slow at pH > 4. The'pH tends to o
pH 4 end point, so a slow titration is essential to ensure maximum recovery of ¢arbonate. Witho
uto-titrator, the conditions of this titration are difficult to standardize and make consistent. Add
me of hydrochloric acid (5.4) at a fixed time interval may be the best appréach to standardizing
rating manually.

B.3 Quantitatively transfer contents from the titration vesselto the original digestion be

xide digest.
hlfides. This
he reaction
cillate near
it the use of
tion of a set
he titration

hker (6.11)

usinng minimum quantity of water (if the suspension was not titrdted in the digest beaker).

11.8.4 Add 25 ml of Hp0; (5.6), to the digest solution and place the beaker on the hotplat¢. Swirl the

digést solution periodically (at least every 10 min). Add‘water to wash the soil residue from the inside of

the peaker. Follow the appropriate scenario from those described below:

a) |A digest solution that reacts vigorously at this stage should be temporarily removegl from the
hotplate and/or the reaction moderatedwith the addition of water. When the reaction hasjmoderated
replace the digest solution on the hotplate. When the digest solution has ceased reactinpg while on
the hotplate, as evidenced by cessation of effervescence, remove it from the hotplate.|ln a digest
solution where reaction is still taking place, it is removed from the hotplate when 1 h haf elapsed.

b) |A digest solution that reacts slowly or moderately on the hotplate is removed when the reaction
ceases or else left for ammaximum of 1 h.

c) |A digest solution that shows no apparent signs of reaction while on the hotplate for{30 min, is
removed and the procedure continued from 11.4.

11.4 Decomposition of excess peroxide

11.4.1 Add 1 ml of copper chloride solution (5.2) to the digest solution to decompose any| remaining

perpxide,

11.4.2 Return the digest solution to the hotplate and bring the temperature to between 80 °C to 90 °C;
this is to ensure complete peroxide decomposition. Do not allow digest volume to fall below 45 ml;
maintain volume from 45 ml to 50 ml with water. Once decomposition has ceased as evidenced by lack
of effervescence, or after 30 min has elapsed, the solution shall be removed unless further heating is
required to reduce the volume to 45 ml to 50 ml.

11.4.3 Once decomposition and/or volume reduction is complete, remove beaker from hotplate and
allow digest solution to cool to room temperature.

11.4.4 Quantitatively transfer contents from the beaker to a titration vessel (6.19) with the aid of 30 ml
of 2,66 mol/] potassium chloride (5.9) using the dispenser (6.6).
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11.4.5 Wash any residue remaining in the digest beaker (6.11) into the titration vessel with no more
than 5 ml of water using a fine jet from a wash bottle (6.20) giving a total volume of approximately 80 ml.
(For a 2 g test portion, this represents a final soil solution ratio of 1:40).

11.5 Measurement of titratable peroxide acidity (TPA)

11.5.1 General

Measurement of TPA involves titration (6.3) of the stirred soil suspension to a pH of around 5,5 and
addition of 1 ml of H20> (5.7) to oxidize any remaining ferrous ion to ferric ion followed by titration to a
final pH of|6,5. Titration should be either of the following:

11.5.1.1 If an automatic titrator is being used, the volume of sodium hydroxide solution addéd’in qach
increment [should decrease as the end point pH is approached. Follow automatic titrator operation
manual.

11.5.1.2 When titrating manually, the following points should be observed:

a) Care should be taken not to overshoot the end point pH. Keep a record?of titration volumes pand
associgted pH values as the pH 6,5 end point is approached. This allows:an accurate interpolation of
end paint volume, if the end point pH is slightly exceeded in the titration.

b) The tiffration volume is dependent on the rate at which the sodium hydroxide solution is added. As
a guid¢ when titrating manually, the sodium hydroxide solution should be added at a slow consfant
rate (e|g. drop-wise every 1to 2 s), allowing pH increase to keep pace with sodium hydroxide solution
additign. When within 1 pH unit of end point (i. e. pH*>"5,5) stop titration and let pH stabilize.
Resune titration at a decreased rate and bring pH to\bétween 6,3 and 6,5. Titrate to the end ppint
and wait for 20 s. Continue titrating in the same manher until pH drops by less than 0,1 pH unifs in
20 s (apsuming that the end point has not been overshot by more than 0,1 units).

c) An avdrage time for manual titrations might-be 5 min, though titrations as long as 10 min may be
possible for samples with very high TPA(e-g. > 2 000 mmol H*/kg).

11.5.2 Pro¢cedure

11.5.2.1 Measure the pH of the-sttSpension using a calibrated pH meter (see 11.2.1) and follow|the
procedure detailed in 11.2.2.1¢t0-11.2.2.3.

11.5.2.2 Depending onthe’pH of the suspension, select one of the following options:

a) If pH 43,0, titrate'with stirring to pH 5,5 with standardised 0,25 mol/l sodium hydroxide solufion
(5.10.1)) and.record volume (V4).

b) If 3,0 ¥ pH < 5,5, titrate with stirring to pH 5,5 with standardized 0,05 mol/l sodium hydroxkide

solutiomt5:16-2)amdrecord-votunmre {53:

c) If55<pH<6,5 proceedto 11.5.2.4.
d) IfpH=6,5, TPAis defined as zero (see Note 2) and proceed to Clause 12.

NOTE1 The pH of the suspension should be similar to the pHoy, except where the carbonate modification has
been carried out. However, some difference is expected due to the absence of potassium chloride and the smaller
soil:solution extraction ratio in the pHox measurement.

NOTE 2 It is sometimes possible that the pH may slowly rise above 6,5 for samples that have undergone the
carbonate modification.
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11.5.2.3 If the blank digest has a pH of less than 5,5, titrate with 0,05 mol/l sodium hydroxide solution
(C2) to pH 5,5 and record volume (V7).

11.5.2.4 Perform a final oxidation on the suspension by adding 1 ml of pH adjusted 30 % H,0; (5.7) with
stirring. Allow pH to stabilize prior to measurement.

NOTE

complete conversion of iron to Fe(OH)3 during titration.

The addition of 1 ml of H20 at this stage converts ferrous ion (Fe2+) to ferric ion (Fe3+), ensuring

11 5.2. 5 If the suspen510n has a pH of less than 6 5 after flnal 0x1dat10n titrate to pH 6,5 with stirring

12.
The
C1i
Cyi
C3i
V3i

V4 i
acid

Vs i
acid

(ml);

Ve i

oxidlation step (where pH < 6{5), in millilitres (ml);

V7i
the

Vgi
the
mil

my

11red to reach pH 6,5. For blanks record correspondmg volume (Vg) and molarlty (C2)e

Calculation of TPA and ANCEg

1 Notation

following quantity symbols are used in Clause 12:
5 the standardised concentration of 0,25 mol/l sodium hydroxide'solution, in mole per lit]
5 the standardised concentration of 0,05 mol/1 sodium hydroxide solution, in mole per lit
5 the standardised concentration of 0,5 mol/1 hydrochloric acid used in 11.3, in mole per li
5 the volume of 0,5 mol/1 hydrochloric acid used in‘the hydrochloric acid titration, in mill

5 the volume of 0,25 mol/l sodium hydroxide ¥equired to reach the pH 5,5 end point in th
ity procedure (11.5.2(b)(i)) prior to the finalFoxidation step (where pH < 3,0), in millilitr

5 the volume of 0,05 mol/1 sodium hydrexide required to reach the pH 5,5 end point in th
ity procedure (11.5.2)(b)(ii)) priorco the final oxidation step (where 3,0 < pH < 5,5), in

’

s the volume of 0,05 mol/lksodium hydroxide required to reach the pH 6,5 end point

5 the or the blank, volume of 0,05 mol/l sodium hydroxide required to reach the pH 5,5 ¢
[TPA titration priotto the final oxidation step (where pH < 5,5), in millilitres (ml);

5 the for the blank, volume of 0,05 mol/1 sodium hydroxide required to reach the pH 6,5 ¢
ilitres (1al);

s thie'mass of the oven-dried test portion, in grams (g).

xifde solution

re (mol/1);
re (mol/1);
Lre (mol/1);
litres (ml);

b titratable
s (ml);

b titratable
millilitres
n the final

nd point in

nd pointin

TPA titratien-following the final oxidation step (where pH after final oxidation is less than 6,5), in

12.

2 TPA without carbonate modification

If the carbonate modification procedure has not been followed, calculate the titratable peroxide acidity
(TPA) in mmol H*/kg according to the following equations:

a)

b)

©IS

If both 0,25 mol/1 and 0,05 mol/1 sodium hydroxide solution have been used (Formula 3):

TPA=[ (V4 xCy )= (V7 xCq)+{(Ve —V3)xCy} [x[1000/m,]

If only 0,05 mol/I sodium hydroxide solution has been used (Formula 4):

02014 - All rights reserved
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TPA =[ (Vs +V —V; —Vg)xC, |x[1000/m, ] 4)
When pH measured in 11.5.2.1 is 2 6,5, TPA is reported as zero.

12.3 ANCE (or TPA) with carbonate modification

12.3.1 Calculation of acidity from HCI titration

For a test portion with pHpx > 6,5 that has been analysed using the ‘carbonate modification’ part of
the procedfure (I1.3], calculate the acidity added during the hydrochloric acid titration in mmol H7/kg
according fo Formula (5):

HCl e F V3 xC3x[1000/m; | (5)

12.3.2 Calculation of excess acid neutralizing capacity in acidity units

Calculate the excess neutralizing capacity in mmol H+/kg following the sodium hydroxide titrafion
(11.5.2) ac¢ording to the appropriate equation as follows:

a) Ifboth/0,25 mol/l and 0,05 mol/] sodium hydroxide solution have been'used (Formula (6)):
a-ANCE =HCl ¢, —[[(Vzt xC1)=(V7xC2)+{(Ve _VB)XCZ}]X[l 000/’"2]} (6)

b) Ifonly[0,05 mol/]l sodium hydroxide solution has been us€d (Formula (7)):

a-ANCl; =HCl o, [ (Vs + Vi —V7 = Vg )xC5 |x[1000 /o, | (7)

If the resul[iofthe calculations in 12.3.2 a) or 12,3:2°b) is:
i

— Negatiye, then a-ANCE is reported as zerg.and the absolute value is reported as TPA (i. e. despitelthe
pHox being greater than 6,5, the sample’s’potential to produce acidity is greater than its neutralizing

capacity).
— Positive, then the sample has ifitrinsic excess acid neutralizing capacity and TPA is reported as zgro.
— Zero, then both a-ANCg and)TPA are zero.
NOTE The use of units©fia-ANCg in mmol H*/kg permit direct subtraction in acid-base accounting since pcid
production |s also measutedin units of mmol H*/kg. The convention is that acid production is positive in the dcid-

base account.

Acid neutrplizing-capacity can be expressed in units of ‘equivalent % CaCO3’. The a-ANCE result can be
expressed [n-these units using the following conversion:

ANCE, (equivalent % CaCO3) = ANCg/199,8
(8)

13 Procedure for determining peroxide sulfur (Sp), calcium (Cap) and magnesium

(Mgp)

13.1 After completion of the procedures set out in Clause 11, quantitatively transfer contents from the
titration vessel (6.19) to a tared beaker (6.2) with water. Subject the solution blanks from 11.5 to the same
procedure.
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13.2 Dilute the suspension with water to a final volume appropriate to the analytical instrumental
technique.

NOTE

This can be achieved by using the balance (6.8), taking into account the mass of the container (6.2), the

density of the potassium chloride matrix (which is dependent on the final volume chosen) and the mass of the test
portion (mz) used in Clause 11.

13.3 Homogenize the suspension with a mechanical stirrer or stirring rod (6.17).

13.4 Centrifuge (6.4) or filter (6.9) an appropriate volume of the homogenized soil suspension to obtain
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E1 Instruments that determine all sulfur species in solution (e. g_ICP-AES) may give higher
ruments that specifically measure sulfate. This is particularly the.cdse in soils high in organic mat
ain appreciable organic sulfur in solution following the peroxide.digestion.

E2 This method recovers soluble and exchangeable .sulfate, sulfate from gypsum, sulfate
ation of sulfide, sulfur released by the breakdown of organic matter, as well as variable amoun
hiron and aluminium sulfate minerals or compounds,Sulfate from jarosite and natrojarosite is not
vered. The residual acid soluble sulfur (Sras, see Clause 15) can be measured to obtain an
Site/natrojarosite sulfur.

E3  The peroxide digestion procedure also recovers soluble and exchangeable calcium and
calcium from gypsum. Calcium and/orx magnesium released by the acid dissolution of carbonsg
roxide minerals are also recovered.

E4  Theperoxide sulfur (Sp) measurement can be used in combination with potassium chloride
i1 (Skc), see Clause 9) to calcudate the peroxide oxidizable sulfur (Spgs, see Clause 18).

ES5
ssium chloride extractable calcium (Cakc]) and magnesium (Mgkcj) to determine ‘reacted’ calciy|
nesium (Mgya) (see Clause 18).

Calculatiofi of peroxide sulfur (Sp), calcium (Cap) and magnesium (Mg

ulate peroxide sulfur (Sp), calcium (Cap) and magnesium (Mgp) taking into account thein
tion blank concentrations and the mass of the test portion used in Clause 11, and
Centages on an oven-dry weight basis.
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15 Procedure for determining acid extractable sulfur in soil residue after perox-
ide oxidation (Sras)

15.1 General

This procedure should be followed where pHkc) (7.2.2) is less than 4,5, or the presence of jarosite has
been noted in the field sample.

NOTE

obtained by difference from the Syc) result (ISO 14388-2) and the Sk result (Clause 10).

© IS0 2014 - All rights reserved
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15.2 Rinsing of peroxide digested soil residue, extraction with 4 mol/1 hydrochloric acid
and determination of extractable sulfur

15.2.1 Ensure that the entire suspension from Clause 13 has been filtered, so that complete recovery of

the soil res

idue is achieved.

IMPORTANT — TAKE CARE TO ENSURE THAT NO SOIL RESIDUE IS LOST IN THE FOLLOWING

RINSING S

TEPS.

15.2.2 Rinse filter paper containing the soil residue with 2 x 10 ml + 1 ml aliquots of 1 mol/I potassium
chloride solution (5.8). Subject the filter papers from the blank solution to the same procedure.

NOTE A pipette or piston-operated volumetric apparatus (POVA) or other suitable apparatus may-beused for
rinsing.

15.2.3 Rinse filter paper containing the soil residue with 4 x 10 ml + 1 ml aliquots of water.

NOTE A pipette or piston-operated volumetric apparatus (POVA) or other suitable apparatus may be usedl for
rinsing.

15.2.4 Plalce filter paper containing the soil residue into the sample bottle'(6.14).

15.2.5 In¢

to the sample bottle, to make a 1:40 soil solution ratio. Swirl and place stopper in sample bottle.

SAFETY P
WELL VEN

15.2.6 Sha

RECAUTIONS — FOR SAFETY REASONS, STER-15.2.5 SHOULD BE CARRIED OUT I
TILATED FUME CUPBOARD.

ke or mix the suspension for 16 h * 0,5 h, using the mechanical shaker or mixer (6.15).

15.2.7 Filfer soil suspension through filter paper (6.9) placed in a funnel (6.10), or centrifuge (6.4

obtain a cle

15.2.8 Aft
technique.

NOTE1 1
determinin

NOTE 2 |
instrument

ar extract.

br appropriate dilution, deteymine residual acid-soluble sulfur (Sras) using a suitable analyf

'he high acidity and chloride concentration may preclude the use of certain analytical technique
r sulfur.

Instruments_that determine all sulfur species in solution (e. g. ICP-AES) may give higher results {
that spegifically measure sulfate.

| fume cupboard using the dispenser (6.5), add 80 ml + 0,5l of 4 mol/1 hydrochloric acid (.5

N A

) to

ical

b for

han

16 Calc111ati0n of Sras

Calculate residual acid soluble sulfur (Sras) and express as a percentage on an oven-dry weight basis,
using the mass of the test portion in Clause 11.

16.1 Calc

ulation of acidity attributed to Sras (acid-base accounting)

If it is assumed that this sulfur is from jarosite, natrojarosite or similar iron hydroxy-sulfate minerals,
then the amount of acidity (a-Sras) that may be slowly released by hydrolysis may be estimated using

the conver

a-Sras

16

sion below:

(mmol H+/kg) = Spas x 0,75 x 623,7 = Spas x 467,8
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