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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

1SO 14388-2:2014(E)

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.

Tab

rep

brted 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

e A.1 of ISO 14388-1 shows the analyses required for the Chromium suite. This table u

ses results

Key

a  acidity titration

b  sulfur determination

¢ acid neutralising determination
d calculated parameter

©IS

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
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NING — Persons using this part of ISO 14388 should be familiar with usual’l

tice. This part of ISO 14388 does not purport to address all of the safety proble
pciated with its use. It is the responsibility of the user to establish apprepriate
Ith practices and to ensure compliance with any national regulatory conditions.

Scope

5 part of ISO 14388 specifies a suite of methods used to determinethe net acidity in acid s
5 part of [ISO 14388 specifies a method for measuring chromium-feducible sulfur (Scr) by

bstion. This method determines inorganic sulfides (e.g. pyrite, marcasite, greigite, mackin
hental sulfur in acid sulfate soil without interferences ftom organic sulfur and oxidize

h separate test portion of soil, the pH in a 1 mol/tKCl soil suspension (pHkc]) is determi
1 is < 6,5, titratable actual acidity (TAA) is_then determined. Subsequently, potassiu
ractable sulfur (Skci), calcium (Cakcy), andgmagnesium (Mggcl) can also be determin
site is identified in the soil (or where pHgg}is < 4,5), net acid-soluble sulfur (Syas) is dets
difference between hydrochloric acid ‘extractable sulfur (Sycj) and potassium chloride {

ganic carbon (Ciy) by combustion furnace, or ANCgr (ANC measured by back-titrat

aining following an acid digest).

Normative references

following documeénts, in whole or in part, are normatively referenced in this docume

385-1, Laboratory glassware — Burettes — Part 1: General requirements

648, Laboratory glassware — Single-volume pipettes

aboratory
ms, if any,
safety and

1 1fate soils.
iodimetric

htion of distilled hydrogen sulfide trapped as zinc sulfid€, following acidic chromous chloride

awite) and
d forms of

ned. When
m chloride
ed. Where
brmined by
bxtractable
ring either
on of acid

nt and are

spensable for itsHapplication. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

wn

ISO

835-1, Lahoratory 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
ISO

1770, Solid-stem general purpose thermometers

3696, Water for analytical laboratory use — Specification and test methods
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ISO 8655-1, Piston-operated volumetric apparatus — Part 1: Terminology, general requirements and user
recommendations

ISO 8655-2
[SO 8655-3

, Piston-operated volumetric apparatus — Part 2: Piston pipettes

, 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 accou

3 Terms and definitions

For the pu
SO 14388

4 Pringiple

4.1 Pote

The poten
is distilled

the reactiolr

ZnS in a zi
titration.

4.2 Actu

To determ
allowed to
pHkc is le

pH 6,5. Aftler appropriate dilution of the'soil suspension, potassium chloride extractable sulfur (S

calcium (C
is <4,5 (or
determine
hydrochlor

organic soills, Syas might©verestimate retained acidity due to the inclusion of organic S in the resul.

4.3 Acid

In soils whierepHkc > 6,5, and hence where there is a chance of acid neutralizing capacity (ANC) b

present, A

L
lbllly

poses of this document the terms, definitions, symbols, units and abbreviatediterms give
1 apply.

ntial sulfidic acidity

fial sulfidic acidity is determined as chromium reducible sulfur (Scr). In this method, s
as H3S from acid sulfate soil digested in an acidic chremous chloride solution produc
of powdered chromium metal and hydrochloric acid- The evolved H;S gas is precipitate
c acetate/ammonia trapping solution with the trapped sulfur, then quantified by iodimg

al acidity and retained acidity

ne actual acidity, a 1:40 suspension of soil in 1 mol/]1 KCI solution is shaken for 4 h
stand overnight. The suspensiaofi is then briefly shaken prior to determining pH (pHkc
s than 6,5, titratable actual acidity (TAA) is determined by titrating the soil suspensio

hkcl) and magnesium (Mgkel) are measured by suitable analytical technique(s). Where p}
where the presence of jarosite has been noted in the submitted sample), retained acidit
l as net acid-soluble_sulfur (Syas). Net acid-soluble sulfur is the difference between 4 m
ic acid extractable.sulfur (Syc)) and potassium chloride extractable sulfur (Skc)). In hig

neutralizing capacity

)

fur
by
d as
tric

and
). If
N to
kcl),
lkcl
y is
0l/1
hly

Ping

NG-can be estimated by various methods such as inorganic carbon analysis (e. g. Cyy

by

combustio

N fTurnace according to 150 10694 ), and ANCG by bacK titration (ANCgT). In this manner, a

acid-base account can be made of the soil.

5 Reagents for analysis of chromium reducible sulfur

full

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.

© ISO 2014 - All rights reserved
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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

RIS

5.2

5.3

K. AVOID THE USE OF VERY FINE CHROMIUM POWDER.
Ethanol (C2H50H), 95 % solution.

Hydrochloric acid (HCl1), p 1,16 g/ml.

5.4
Dilu
5.5
Dis
diss

sod

©

whyd

Thd
5.6

5.7

Hydrochloric acid solution, 6 mol/L

te concentrated hydrochloric acid (5.3) with water.

Iodine solution, 0,012 5 mol/1.

olve 22,5 g + 0,1 g of potassium iodide in water and add 3,2 g + 0,01 g.of iodine. After the
olved, dilute to 1 |1 with water. Standardize iodine solution against-the standardised (
jum thiosulfate solution (5.8) using the starch solution (5.9) as an\indicator. Calculate t}

pf the iodine solution, in moles per litre, according to Formula (0):
FxD
1 =
2xE
Pre

D s the titration volume of standard sodiumithiosulfate solution, in millilitres (ml);
E is the volume of iodine solution titrated, in millilitres (ml);

F is the molarity of sodium thiosulfate solution used, in mole per litre (mol/1);
iodine solution should be standardised on a daily basis, or immediately prior to use.
Nitrogen gas, high purity grade.

Sodium hydrexide solution (NaOH), 6 mol/l.

CA

water.

Disgolve240 g + 1 g of solid sodium hydroxide in water, then transfer quantitatively to a 1-1
flask.Cool to room temperature and fill to the mark with water.

iodine has
,025 mol/1
le molarity

@)

TION — Solid sodium hydroxide is caustic and hygroscopic, and should be stored away from

volumetric

5.8

Sodium thiosulfate solution, 0,025 0 mol/] (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

5.9

Starch indicator solution.

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

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

toc

ool to room temperature before use.

© IS0 2014 - All rights reserved
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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 Aut(Jmatic titration instrument or pH meter, with slope adjustment and temperature corjtrol
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 sinjilar
inert material.

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

6.4 Centrifuge, capable of centrifuging 80 ml and 400 ml of suspén’sion.
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-fif joints capable of forming a gas-tight seal.\Use round-bottomed flask if employing a heafing
mantle, or flat-bottomed for hotplates.

6.7 Balapce 1, capable of weighing to an ac¢uracy of + 0,01 g.

6.8 Balapce 2, capable of weighing te.an accuracy of + 0,001 g.

6.9 Balapce 3, capable of weighing to an accuracy of + 0,000 1 g.
6.10 Erlenmeyer flask, of100 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

lea

raoe
O

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

6.2

Il Shaking or mixing machine, capable of keeping soil particles continuously.in suspens

NOTE For example, end-over-end shaker.

6.2

diggstion solution between 80 °C and 90 °C.

6.2
bar

6.2
ISO

6.2

6.2

7

Acc
ISO

B Stirrer, overhead propeller, or magnetic type with polytettafluoroethylene (PTFE) co
or stirring rod capable of stirring 400 ml of suspension.

i Thermometer, capable of measuring to the nearest’l °C and complying with Type C a
1770 is required, connected to an automatic titrater'or pH meter.

b Titration vessel, capacity of at least 100.11l, made of polyethylene or other inert mater
b Wash bottle with narrow aperture, containing water.

Procedure for determining chromium reducible sulfur

urately weigh a test portion of 0,50 g + 0,05 g (6.8) of the test sample prepared in accor
14388-1, into a tared-digestion flask (6.6) (see Figure 2) and record the mass (m1). Subj

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

ana

llysing soil materials of known high sulfide content, use a smaller test portion. Where t

inoyganic sulfur-contents can be assessed, the following guidelines are useful for deter

opt
iy
2)
3)
4)
5)

6)

©IS

mum téstportion to use.

Fora'test sample with an Scr content of < 0,5 %, a 3 g test portion is recommended.

on.

P Steambath, or electric hotplate, with adjustable temperature control, capable of mainjtaining the

hted stirrer

ccording to

al.

Hance with
lect at least

content. If
he reduced
mining the

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

For a test sample with an Scr content of 21 %, a 0,1 g test portion is recommended.

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

If a large 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.

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.

02014 - All rights reserved
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Key
Erlenmpyer flask (6.10)
Pasteui| pipette (6.16)
Gas flow
Reflux ¢ondenser (6.19)

N3 gas flow

Pressute equalizing funnel (100 ml) (6.18)
Tap
Doublefnecked digestion flask (250 'w) (6.6)
Heating mantle or electric hotplate (6.14)

O© 0 N O U1 o W N =

Figure 2 — Schematic diagram of the apparatus used to determine chromium reducible sulfur

Add 2,0 g 40,1 g of €hromium powder (5.1) to the digestion flask (6.6).
Add 10 ml 0,5 ml ethanol (5.2) to the digestion flask (6.6) and swirl.

NOTE1  Ethapelactsasasetbwettneagent

Place the digestion flask (6.6) and contents in the heating mantle or on an electric hotplate (6.14) and
connect to the reflux condenser (6.19).

The apparatus should be assembled as shown in Figure 2 and set up in a fume cupboard.

WARNING — Soil materials high in sulfides have the potential to react vigorously at this stage.
H3S is a poisonous gas generated from digest solution.

Attach the pressure equalizing funnel (6.18), making sure that the gas flow arm is facing the condenser
and that the solution tap is shut.

Ensure that ground-glass connections and fittings are gas-tight.

6 © ISO 2014 - All rights reserved
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Attach Pasteur pipette (6.16) to the outlet tube at the top of the reflux condenser (6.19) and insert it into

a 100-ml Erlenmeyer flask (6.10) containing 40 ml zinc acetate solution (5.10).
Turn on the water flow around the condenser.
Add 60 ml of 6 mol/1 HCI (5.4) to the glass dispenser in the pressure equalizing funnel.

Connect the N3 flow to the pressure equalizing funnel and adjust the flow to obtain a bubble

rate in the

zinc acetate solution of about 3 bubbles per second. Allow the Ny gas to purge the system for about 3 min.

Gradually release the 6 mol/1 hydrochloric acid from the disp
:""‘ carboratesin Fe-testportioheatsesvisorotuse

NOTE 2  Vigorous boiling results in high vapour production and the risk of low H#S-trapping effic

the [removal of the body of the pipette (which should be discarded); to ensure that any sulfid
to the tip is completely dissolved. If not titrating immediately, sedl flask and store in a fume

CAUTION — Hydrogen sulfide can be evolved after theacid is added to the zinc acetat
solution. Therefore, the following steps of the procedure should be carried out with a
of delay after the acid has been added and undertaken in a fume cupboard or with t
fume extractor.

Add
soly

20 ml of 6 mol/I hydrochloric acid and 1 mlof the starch indicator solution (5.9) to the 7
tion (5.10) in the Erlenmeyer flask and gently mix.

Titrjate the zinc acetate trapping solution:(5.10) with the iodine solution (5.5) to a permaner
point. Record the volume of titrant (A);-Perform the same titration on the blank sample and
volyme of titrant (B).

8
Thd

Calculation of Scr

concentration of chromium reducible sulfur (Scr) in % S is calculated according to Formj

(A-B)xC}%3,2066
my

Scr =

whegre

enser (e.g. over 1 min or more slowly if the

for at least

ency, which

(6.10) as it
sk prior to
e adhering
fupboard.

P trapping
minimum
he aid of a

inc acetate

t blue end-
record the

ula (2):

(2)

is the volume of iodine used to titrate the zinc acetate trapping solution following tl1e soil

1. P : 1l 1a VS Y
UIgCSLIULL, I ITITILE €S (111 ),

is the volume of iodine used to titrate the zinc trapping solution following a blank di
millilitres (ml);

C1
ardized 0,025 mol/1 sodium thiosulfate solution, in moles per litre (mol/1);

m1 is the mass of the oven-dried test portion, in grams (g).

© IS0 2014 - All rights reserved
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The Scr value can be expressed in equivalent acidity units using the following conversion, assuming all
sulfur is present as iron disulfide [See Formula (3)]:

a-Scr (mmol H*/kg) = Scr x 623,7

NOTE

The conversion assumes 1 mole of sulfur produces 2 moles of acidity.

9 Reagents for determination of pHgc and TAA

All reagen
ISO 3696 s

The purity

test. Reagd

made (e.g.

9.1 Calik

9.1.1 Ge

For pH detg

meter. It is

NOTE

9.1.2 Bu

Dissolve 1(

9.1.3 Bu

Dissolve 3,
hydrogen

9.1.4 Bu

Dissolve 3,

to 1 000 mj|.

NOTE |
polyethylen

9.2 Pota

(3)

s shall be of analytical grade. Deionised or glass distilled water of grade 2 as define
hall be used throughout.

of all reagents (for sulfur, calcium, and magnesium) should be verified by performing a bl
nts should also be tested for the presence of these elements whenever a chahge in sourc
prand or batch).

ration solutions for the pH meter

heral

brminations, buffer solutions as specified in 9.1.2 and 9.1.3-are sufficient for calibrating the
the responsibility of the analytical laboratory to verify.the accuracy of the buffer solutio

ommercially available buffer solutions covering a comparable pH range can be used.

ffer solution, pH 4,00 at 20 °C.

,21 g £ 0,01 g of potassium hydrogen phthalate (CgH5KO4) in water and dilute to 1 000 ny

ffer solution, pH 6,88 at 20 °C.

10 g + 0,005 g of potassium dihydrogen phosphate (KH2P04) and 3,55 g + 0,005 g of disod
hosphate (NapHPO4) in water'and dilute to 1 000 ml.

ffer solution, pH 9,22-at 20 °C.

B1 g + 0,005 g of disodium tetraborate decahydrate (NazB407 - 10 H20) in water and di

'he buffer-selutions as specified in 9.1.2, 9.1.3 and 9.1.4 are stable for one month when store
e bottles:

1 in

Ank
eis

pH
ns.

—

um

ute

d in

Fsium chloride solution, 1 mol/L

Dissolve 74,55 g of potassium chloride (KCl) in water, transfer to a 1-1 volumetric flask and fill to the

mark with

9.3 Stan

water.

dardized sodium hydroxide (NaOH) solutions.

CAUTION — Solid sodium hydroxide is caustic and hygroscopic and should be stored away from
water. Dilute sodium hydroxide solutions absorb carbon dioxide. Avoid unnecessary contact of
the solutions with the atmosphere.
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9.3.

1SO 14388-2:2014(E)

1 0,25 mol/l sodium hydroxide solution (NaOH).

Dissolve 10,1 g £ 0,1 g of sodium hydroxide in water, then transfer quantitatively toa 1 000-ml volumetric
flask and fill to the mark with water. Standardize against potassium hydrogen phthalate previously
dried for 4 h at 105 °C and stored in a desiccator. Calculate the molarity of sodium hydroxide solution

(C2)

9.3.

2 0,05 mol/l sodium hydroxide solution (NaOH).

Dissolve 2,05 g + 0,05 g of sodium hydroxide in water, then transfer quantitatively to a 1 000-ml

volt

pre
solu

—_—

So

Thd
cald

—_—

So
exc

Abs
of t
wegd

10

10.

Weigh a test portion of 2,0 g £ 0,1 g (6.7) from the test sample prepared in accordance with I

intd
be s

Using the dispenser (6.5), add 80:ml * 0,5 ml of 1 mol/l potassium chloride solution (9.2) to

bot
for

12 I, but no more than16.h ensuring that the sample remains sealed.

Thd
soil

Using the shaking or mixing machine (6.21), shake the suspension for a further 5 min.

aut
titr

utions made by diluting commercially available ampoules can also be used.

utions shall be prepared fresh each day, or alternatively can be-~stored in apparatus

viously dried for 4 h at 105 °C and stored in a desiccator. Calculate the molarity of sodium
tion (C3).

actual molarities of the standardized sodium hydroxide solutions (C2,,(3) shall be U
ulation, not their nominal molarities.

uding CO3. Solutions should be stored in high density polyethylene or borosilicate glass (

orption of CO changes the concentration of sodium hydroxide solutions and decreases
he reaction near the end-point in titration of weak acids»Solutions shall be standardiz
kly, or immediately prior to use and discarded one month after being prepared.

Procedure for determination of pHgcpand TAA

1 Preparation of the suspension

a tared sample bottle (6.20) and.r€cord the mass to 0,01 g (my). At least one solution bl
ubjected to the same procedure(as'the test portion in each analytical run.

[le to make a 1:40 soil solution ratio. Place stopper in sample bottle and shake or mix the
4 h + 0,25 h using the shaking or mixing machine (6.21). Allow the suspension to stand

test portion shallbe a minimum of 2 g, but a larger test portion can be used, provided
weight to petassium chloride solution volume remains at 1:40.

bmatic titration instrument, quantitatively transfer the contents of the sample bottle (6
htion vessel (6.25) through a wash bottle (6.26) using minimum amount of water.

metric flask and fill to the mark with water Standardize ngaincf potassium hydrngpr phtha]ate

hydroxide

sed in the

capable of
ontainers.

the extent
ed at least

50 14388-1
ank should

the sample
buspension
for at least

Fhe ratio of

f using an
.20) to the

The Time between re-suspension and titration should be minimised to limit oxidation.

10.

2 Measurement of pHkc]

10.2.1 Calibration of automatic titrator or pH meter

Calibrate the automatic titrator or pH meter (6.1) according to the manufacturer’s recommendations,
using the buffer solutions specified in 9.1.

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

©IS
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10.2.2 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.

The stirring should be at a rate to achieve a homogeneous suspension of the soil particles; however,
entrainment of air should be avoided.

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

The readirlg can be considered stable when the pH measured over a period of 10 s varies by not{njore
than 0,02 gH units.

NOTE The time required for stabilization is usually 1 min or less, but can depend on a number of fadtors
including:

1) the value of pHkc) (at high pH values, it is more difficult to reach stabilization);
2) the qujlity of the glass electrode (differences of manufacture between electrodes) and its age;
3) thedifferences in pHgc) between samples in a series;

4) whethpr mechanical mixing is performed before the measuremeént; which helps to achieve stable
readinjgs in a shorter time.

10.3 Measurement of TAA

10.3.1 Geperal

Measurement of TAA involves titration (6.3) of the-stirred soil suspension and should be either of|the
following:

If an automatic titrator is being used, the voljitme of sodium hydroxide added in each increment shquld
decrease ap the end-point pH is approached. Follow automatic titrator operation manual.

When titrating manually, the following should be observed:

1) Care should be taken not o ‘pvershoot the end-point pH. Keep a record of titration volumes pnd
associated pH values as th€pH 6,5 end-point is approached. This allows an accurate interpolation of
end-pdint volume if the-€nd-point pH is slightly exceeded in the titration.

2) The titiration volume is dependent on the rate at which the sodium hydroxide solution is added. As a
guide yhen titrating manually, the following points should be observed:

i) Sodium‘hydroxide solution should be added at a slow constant rate (e. g. drop-wise every 1|s to
2 9)fallowing pH increase to keep pace with sodium hydroxide addition.

ii) When within 1 pH unit of end-point (i. e. pH > 5,5), stop titration and let pH stabilize.
iii) Resume titration at a decreased rate and bring pH to between 6,3 and 6,5.
iv) Titrate to the end-point and wait for 20 s.

v) Continue titrating in the same manner until pH drops by < 0,1 pH units in 20 s (assuming that
the end-point has not been overshot by more than 0,1 units).

3) Asaguide, 5 min would be an average time for manual titrations (for TAA > 100 mmol H*/kg).
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10.3.2 Procedure based on pHgcj result
Depending on the resulting pHxkc] value obtained in 10.2.2 (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 (9.3.1) and record volume (V7).

b) 1f4,0 < pHkc < 6,5, titrate with stirring to pH 6,5 using standardized 0,05 mol/l sodium hydroxide
solution (9.3.2) and record volume (V1).

c) IfpHkcq 2 6,5, no titration is required and TAA is zero. If pHkc] of the blank is less than 6,5, titrate

adel 4ot . . raWa¥ml 1. /1 o 1 | Lgh | h 0.2 2 | an 1 V
WILIT SUT TS USIllg U, U0 TIIUL/ T SUUTUIIT Iy UT UATUT SUTULIUIT ( Z.0. 4 ) dITU TTLUTU LIIT VUIUIIIT 2)-

If ﬂEKCI > 6,5, determine acid neutralizing capacity on a separate sub-sample of soil*adcording to
Clauises 17 to 19.

If pHkc) < 4,5, determine retained acidity on a separate sub-sample of soil according to Clausgs 13 to 18.

11|Calculation of TAA
Calgulate the TAA in mmol H*/kg according to the following formulae:

a) |When 0,25 mol/1 NaOH is used:

TAA =] (V; xCp)—(V2xC3)]x[1000/my,] )

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

TAA = (V; —V,)xC3 |x[1000 / m,] (5)

wheére
V1 is the volume of sodium hydroxide required to reach the pH end-point, in millilitres |(ml);
V2 is the volume of sodium hydroxide required for the blank, in millilitres (ml);

Cy isthe standardised concentration of 0,25 mol/l sodium hydroxide solution, in mole per litre
(mol/1);

C3 isthe standandised concentration of 0,05 mol/l sodium hydroxide solution, in mole per litre
(mol/1);

my is the'ynass of the oven-dried test portion, in grams.

12 Procedure fordeterminationmofsulfur (SKCl)r calciunt (CdKCl); amd mag,,lesium
(Mgkc1) extractable with 1 mol/I potassium chloride

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

After completion of the procedures in Clause 11, quantitatively transfer the contents from titration
vessel (6.25) to a tared or weighed beaker (6.2) with water. Subject the solution blanks from Clause 11
to the same procedure.

Dilute the suspension with water to a final volume appropriate to the analytical instrumental technique.
NOTE1 This can be achieved by using the balance (6.7), taking into account the mass of the beaker or other

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 in Clause 11.
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Homogenize the suspension with a mechanical stirrer or stirring rod (6.23).

Centrifuge (6.4) or filter (6.11) an appropriate volume of the homogenized soil suspension to obtain a
clear solution.

Take volumes of centrifuged or filtered solution (sufficient for the instrumental finish to be employed)
and determine potassium chloride extractable sulfur (Skc), calcium (Cakc]), 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 potdssium chloride solution matrix.

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

instrument
contain app

that specifically measure sulfate. This is particularly the case in soils high in organic nratter
Feciable potassium chloride extractable organic sulfur.

13 Calcullation of Sk, Cakcl, and Mgkci

Calculate g
into accou
Clause 11 4

14 Reag;s
(Mgna) ¢

14.1 Hydj

14.2 Hydj

Add 400 ny
temperatu

15 Procg
(Mgua) ¢

This proce
(Mghci) in

NOTE1 1
relatively i
as well as s
calcium fro
elements.

otassium chloride extractable sulfur (Skcy), calcium (Cakcy), and thagnesium (Mgkcj) tal
nt their respective solution blank concentrations and the mass:of the test portion use
nd express as percentages on an oven-dry weight basis.

ents for determination of sulfur (Sycp), calcium (Capyc)), and magnesiuni
pxtractable with hydrochloric acid

ochloric acid, p 1,16 g/ml (HCI).

ochloric acid solution 4 mol/l.

that

(ing
1 in

1 of hydrochloric acid (14.1) with:stirring to approximately 400 ml of water. Cool to r¢om

Fe, transfer to a 1-1 volumetric flask and fill to the mark with water.

dure for determination of sulfur (Syc]), calcium (Cagcp), and magnesiu
pxtractable with hydrochloric acid

Hure provides a method for the determination of sulfur (Sycy), calcium (Cagcy), and magnes
hcid sulfate soil following extraction with 4 mol/1 hydrochloric acid.

'his extraetion procedure recovers soluble and exchangeable sulfate, sulfate from gypsum,
soluble iren and aluminium hydroxy-sulfate compounds (e. g. jarosite, natrojarosite, basalumin
bme sulfur from organic matter. It also recovers soluble and exchangeable calcium and magnes
n_gypsum, as well as calcium and magnesium from oxides, hydroxides and carbonates of these

m

um

the
ite),
um,
two

NOTE 2

The Sucl, Capcl, and Mgyc) measurements can be used in combination with potassium chloride

extractable sulfur, calcium, and magnesium to determine the net acid-soluble sulfur, calcium and magnesium.

The procedure shall be as follows:

Weigh a test portion of 2,0 g + 0,1 g (6.8) from the test sample prepared in accordance with I[SO 14388-1
into a sample bottle (6.20) and record the mass to 0,01 g. At least one solution blank should be subjected
to the same procedure as the test portion in each analytical run.

In a fume cabinet using the dispenser (6.5), add 80 ml * 0,5 ml of 4 mol/1 hydrochloric acid (14.2) to the
sample bottle, to make a 1:40 soil solution ratio. Swirl and place stopper in sample bottle.
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Soils high in carbonate have the potential to react vigorously at this stage and generate carbon dioxide

gas.

Wait until this initial reaction subsides before placing stopper on sample bottle.

Shake or mix the suspension for 16 h * 0,5 h, using the mechanical shaker or mixing machine (6.21).

Filter soil suspension through filter paper (6.11) or centrifuge (6.4) to obtain a clear extract.

After appropriate dilution, determine hydrochloric acid extractable sulfur (Syc)), calcium (Caycy), and
magnesium (Mghc]) using a suitable analytical technique. For sulfur measurement, instrumentation
that specifically determines sulfate is preferable to that which measures total sulfur in solution.

2 Thal

NO
detd

NOT
inst
conf

Cal
intd
wei

16
(M

Cal

Cal
dry

17

All
ISO

Thd
and
sou

ruments that specifically measure sulfate. This is particularly the case in soils with highorganic

bht basis.

DTNAS)

-l dai dcll Al 4 43 Lado 1 £ o lorki 1l
I TTIIC TSI atTUTC y T CITTOT TU T CUTIC T atToTT CalT pTretoucareUa ST oOT LT tanT airary trcar et

rmining sulfur.

E4 Instruments that determine all sulfur species in solution (e. g. ICP-AES) can give‘higher
ain appreciable hydrochloric acid extractable organic sulfur.

ulate hydrochloric acid extractable sulfur (Sycj), calcium (Capycj), and magnesium (Mg
account their respective solution blank concentrations and express,as percentages on a

Calculation of net acid-soluble sulfur (Syas), calcium (Canas), and mag

ulate the net acid-soluble sulfur (Snas) as % S on anteven-dry soil basis according to For

Snas (%) = Suci - Skal

ulate the net acid-soluble calcium (Canas)\and magnesium (Mgnas) as % Ca and % Mg ¢
soil basis according to Formulae (7) oxr (8), respectively:

Canas (%) = Cancy - Cakcl

Mgnas (%) = Mghcl - Mgkl

Reagents for determining acid neutralizing capacity by back-titration

reagents shall\be of analytical grade. Deionised or glass distilled water of grade 2 as
3696 shallbe tised throughout.

purity.ofdll reagents should be verified by performing a blank test for the presence of sulf
magnesium. Reagents should also be tested for the presence of these elements whenever

hniques for

results than
matter that

Hcl) taking

In oven-dry

nesium

mula (6):
(6)

n an oven-
(7)
(8)

[ANCgBT)

defined in

ir, calcium,
h change in

rce-is made (e. g. brand or batch).

17.1 Calibration solutions for the pH meter.

Refer to 9.1.

17.2 Calcium carbonate, dried at 105 °C for 4 h and stored in a desiccator prior to use.

17.3 Hydrochloric acid, p 1,16 g/ml (HCI).

17.4 Hydrochloric acid solution 0,1 mol/l

Add 10 ml of concentrated hydrochloric acid (17.3) with stirring to approximately 700 ml of water. Cool

tor

©IS

oom temperature, transfer to a 1-1 volumetric flask and fill to the mark with water.

02014 - All rights reserved

13


https://standardsiso.com/api/?name=3199e9f5a6e5d8087ddb7db74256eb3c

ISO 14388-2:2014(E)

Standardize against disodium tetraborate decahydrate (NazB407 - 10 H»0) and calculate molarity (C4).

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

17.5 0,10 mol/l Sodium hydroxide solution (NaOH).

Dissolve 4,10 g + 0,10 g of sodium hydroxide in water, then transfer quantitatively to a 1-1 volumetric
flask and fill to the mark with water. Standardize against potassium hydrogen phthalate previously
dried for 4 h at 105 °C and stored in a desiccator. Calculate the molarity of sodium hydroxide solution

(Cs).

Solutions 1

The actual
nominal m

Solutions 3
excluding (

Absorptior
of the read
weekly, or

18 Procg

hade by diluting commercially available ampoules can also be used.

molarity of the standardized NaOH solution (Cs) shall be used in the calculatipn, not
blarity.

hall be prepared fresh each day or alternatively can be stored in appa¥atus capabl
[07. Solutions should be stored in high density polyethylene or borosilicate-glass contain

of CO; changes the concentration of sodium hydroxide solutions ad decreases the ex
tion near the end-point in titration of weak acids. Solutions shallbe standardized at |
jmmediately prior to use and discarded one month after being prepared.

dure for determining acid neutralizing capacity by back-titration (AN-

the
b of
brS.

fent
past

CBT)

18.1 Hotplate digestion with hydrochloric acid soluation

8-1
the

Weigh (6.8) a test portion of 1,0 g + 0,1 g from the test:sample prepared in accordance with ISO 1434
into a bealler (6.13) and record the mass to 0,001 g{m3). Two solution blanks should be subjected to|
same proc¢dure as the test portion in each analytieal run.

Weigh (6.§) in triplicate 0,100 * 0,01 g of calcium carbonate (17.2) to an accuracy of + 0,001 g |nto

separate beakers (6.13) to be used as a reference sample.

Add 50 ml pf water using a dispenser. (6.5) and 25 ml (Vycj) of 0,1 mol/I hydrochloric acid solution (17.4)

using a pipette or POVA (6.17) to alL beakers and gently swirl to mix.

Place beakprs on steambath or’hotplate (6.22) and allow boiling for 2 min, removing immediately f
the hotplatle and cooling toroom temperature.

fom

Boiling for Jonger perieds results in high ANCgt values that do not represent natural reactions, especi
for feldspaf and clay pich soils.

ally

<3.
< 3.

Using a caljbrated pH meter (6.1) and pH electrode (6.15), check that pH of the sample suspension is
If pH = 3, add-a further 25 ml aliquot of 0,1 mol/I hydrochloric acid and repeat procedure until pH
Record theTtots 0,1t mot/Thydrochioricacid added (3 dtffersfrom 25 .

The upper determination limit is about 10 % for a 1 g test portion. For samples with a higher % CaCO3
equivalent content (or those expected to be higher), the quantity of the acid used should be increased
until an excess is demonstrated by pH < 3, or alternatively (and more easily) the sample weight decreased
(to not less than 0,1 g). If a larger quantity of acid is used on a sample, then a blank should also be run to
which that same quantity of acid has been added.

18.2 Titration of unreacted acid in digested soil suspension

If not titrating in a glass beaker (6.13), transfer digested soil suspension to titration vessel (6.25) using
a minimum quantity of water.
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