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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.
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Introduction

The redox potential is a physico-chemical parameter used to characterize soil aeration status in a global
way. Under field conditions, it gives information on the condition of oxidation or reduction of those
compounds which, according to cases, play an important part in plant nutrition, can induce toxicity
phenomena or intervene in gas transfers to the atmosphere (greenhouse effect). It can also be used
to a certain extent to follow soil performances in case of sludge disposal or composting, and to adjust
applications accordingly. Under laboratory conditions it can be used in order to study oxygen diffusion
phenomena to aggregate level.

© IS0 2022 - All rights reserved v
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Soil quality — Determination of redox potential — Field
method

1 Scope

This document specifies a field method for the determination of soil redox potential (E}).

NOTH The electrochemical measurement of redox potential described in this document js’ pgssible only if
the relevant soil horizon has a moisture status defined as fresh or wetter according to the classes|presented in
Annejx D.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and-définitions apply.
[SO dnd IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://wwwelectropedia.org/

31
reddx potential (E)
electirochemical potential reflecting the oxidation-reduction status of a liquid chemical sy4tem (in this
case [of the soil solution)

4 Principle

Redgx potential is an“€lectrochemical equivalent of the free energy of redox reactions| and for an
equilibrated single redox system of the general form:

Aoy +ne +mH" > Ay D

is givenhythe Nernst equation:

R1 A 2,303 mMR]1
E,=E%+ = In0o% _
nF  Ageq nF

pH (2)

where

A, and Ap.q are the activities of the oxidized and reduced forms of the element, respectively;

e” refers to the electron(s) involved in the reaction;
H* refers to the proton(s) involved in the reaction;
nand m are the numbers of electrons and protons involved in the reaction, respectively;

©1S0 2022 - All rights reserved 1
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is the standard value of the potential in volt (V) i.e. when 4, = Ag.4 and pH = 0;
is the universal gas constant (8,314 1] mol1 - K'1);

is the absolute temperature in kelvin (K);

is the Faraday constant (96 500 C - mol1);

is the natural log of 10.

Redox potential is related to electron activity (e”) in the system as follows:

RT|
E, =
h=F
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chloride. It should be noted that lower concentrations of potassium chloride will reduce contamination

of the soil w

ith this salt.

5.4 Rigid rod, (stainless steel has been found suitable), 20 cm to 100 cm in length with the diameter
2 mm greater than that of the redox electrodes (see 5.2).

The rod shall have a length which allows the redox electrodes to be inserted to the desired depth in the

soil.

5.5 Salt bridge, to connect the reference electrode with the soil (see A.2).

5.6 Hand

auger, with a diameter 3 mm to 5 mm greater than that of the salt bridge.
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5.7 Electrode cleaning materials: finest grade of steel wool, scouring powder and some cotton cloth
have been found suitable.

5.8 Thermometer, to measure the temperature at the location of the reference electrode (see
Clause 8) with an accuracy of 1 °C.

6 Reagents

6.1 Redox buffer solution, to calibrate the redox electrodes.

Use [either buffered quinhydrone solution (prepared by adding quinhydrone to arpH buffer to
obtaln a suspension), or an equimolar solution of potassium hexacyanoferrate(IIB. and potassium
hexaryanoferrate(ll) (see Annex B).

6.2 | Water, with an electrical conductivity less than 0,1 mS m! (equivalent t0 resistivity greater than
0,01 MQ m at 25 °C).

6.3 | Agar, p=0,5%, in a potassium chloride solution of the same concentration as that in the reference
electrode.

6.4 | Potassium chloride solution, of the same concentratién ds that chosen in 5.3.

NOTH This solution is used to store the reference electrode’and to add to the salt bridge, as nedded.

7 $ite selection and sampling

The gelection and description of the place of measurement, and of samples for laboratory mgasurement,
should follow the guidelines given in the ISO~18400 series and I1SO 11464.

8 Procedure

8.1 | Care, cleaning and testing of the redox electrode system

The platinum electrodes-shall be stored in air and kept clean. They shall be inspected|for damage
and/pr contaminatiorrat’intervals of not more than one year, and every time they are used. Oils, fats
and axes, and otlep Chemicals likely to adhere are particularly damaging to electrode performance.
If contaminated With soil material, they shall be cleaned gently with a cotton cloth and |rinsed with
distilled wateryIn cases of severe contamination, e.g. with oils, an appropriate solvent [followed by
scoufring material (see 5.7) shall be used.

The reference electrode(s) shall also be inspected at the same time as the platinum electfrode(s). Any

visible-changein-the-ecolourortransparencyof-thepotassivm—ehleride—eleetrolyte—selution indicates
probable trouble. In such cases the reference electrode shall not be used. Crystals of potassium chloride
are, however, a normal feature of saturated potassium chloride solutions and are no reason to reject the

electrode in question.

The electrodes shall be checked prior to each series of measurements, by determining their response
in the redox buffer solution (see 6.1). The measured redox potential values shall be as given in Annex B.
Any electrode differing by more than 10 mV from the required value shall be cleaned and tested again,
and discarded if cleaning fails to correct the problem.

The use of strong oxidising agents e.g. nitric acid, hydrogen peroxide solution, as cleaning agents
for platinum electrodes can result in high redox potentials. The use of such agents is, therefore, not
recommended.

©1S0 2022 - All rights reserved 3
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In practical terms, the reference electrode potentials can be checked against each other. An electrode
which gives a reading differing by more than 10 mV from the other(s) is likely to be faulty and should
be discarded. This check procedure requires a minimum of 3 reference electrodes, connected in turn.

Reference electrodes can be checked in absolute terms only against a standard hydrogen electrode.
This can be done only in specialized laboratories. It is usually more convenient to buy electrodes only
from a reputable source.

8.2 Preparation of site and measurement of redox potential

At the place of measurement, drive a hole into the soil using the rigid rod (see 5.4) to a depth 2 cm to
3 cm less tHan the desired measurement depth. Immediately insert the redox electrode into the| hole
to a depth deeper by 2 cm to 3 cm than that of the hole. At least two electrodes should be installdd for
each measufement depth. Leave the platinum electrodes in the soil for at least 30 min folloewing the
installation pefore connecting them to the millivoltmeter.

At a distancp of 10 cm to 100 cm from the redox electrode, auger a hole down to a frésh’(or wetter|) soil
layer (see Apnex D) and install the salt bridge so as to obtain good contact between'the ceramic cup of
the salt bridge and the soil. Measure the potential difference, E,,, in millivolts‘between the platjnum
electrode and the reference electrode after 1 h, using the millivoltmeter (see-5.1). The measurement
period can be shorter (but not < 30 min) only if the difference between successive measuremerjts at
10 min intervals is < 2 mV. Measure the temperature (see 5.8) at the location of the reference electrode
at the time qf measurement of the potential difference, E ..

It is recommended that the platinum electrode be disconnected from the millivoltmeter betyveen
readings. Pqtassium chloride can leak from the salt bridge and, reach significant amounts after gbout
2 h. If this if undesirable, the salt bridge should be removed{rom the soil and re-installed prior to|each
set of measyrements.

Protect the|reference electrode from direct heating~by the sun. The temperature of the refefence
electrode and not that of the soil, should be taken*into account when deriving the reference elecfrode
potential.

9 Evaluation

The measurgd voltage, E,,,, shall be felated to the voltage of the standard hydrogen electrode by adding
the potentigl of the reference elestrode, E,, (see Annex C) to the reading E,, [see Formula (4)]| The
voltage obtgined is indicated aSthe redox potential, Ej,.

Ey, =E,|+E, (4)

NOTE Tﬁe redox potential in soils ranges from -400 mV (extremely reduced conditions) to +900 mV (Highly
oxidized condlitions)

10 Expression of results
The value of the redox potential shall be quoted rounded to the nearest 10 mV.
a) Example of calculation:

Measurement of E,: +327 mV, measured against a silver/silver chloride electrode in 1 mol potassium
chloride solution. The temperature of the location of the reference electrode at the time of measurement
is 17 °C, which means its potential with respect to the standard hydrogen electrode is +241 mV (see
Annex C). Thus:

E, =+327mV + 241 mV = + 568 mV

b) Example of presentation of results:

4 © IS0 2022 - All rights reserved
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Redox potential (E}) = 570 mV.

11 Test report
The test report shall include the following information:
a) areference to this document,i.e. ISO 11271:2022;

b) acomplete identification of the test site, including the depth of measurement and the soil moisture
status (see Table D.1);

c) tfheresultofthe determination;

d) any details not specified in this document, which are optional, as well as any factor(g) which can
ave affected the results.

© IS0 2022 - All rights reserved 5
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Annex A
(informative)

Description of the construction of redox electrodes, the salt
bridge, and their arrangement during measurement

A.1 Redax electrode

Several types of redox electrodes are available commercially. Two types of redox electrades
have been found convenient for field use are shown in Figure A.1. In Figure A.1 a), the platjnum
wire (usually of 0,5 mm to 1,5 mm in diameter) or sheet is soldered or welded directly to a rigid rod
(diameter >2 mm) of copper or of a brass alloy. The weld is sealed with a waterproof.epoxy resin.
kinds of conjstruction are suitable, such as high temperature glass/metal seals. The choice will depend
ies available, but materials chosen should have a similar coefficient of expansion tq that

on the facilj
of platinum

to ensure viable seals. It is essential that the weld and the copper above it are comp

isolated froi the surrounding medium after the electrode is installed. It,is"desirable to cover the

with insulat

to apply epg
material haf

The expose(

The second
the tips exp
equipped w
with althou
between thd
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ion (heat-shrinkable plastic tubing is the most practical) after coating with epoxy, and
xy to the ends of the insulation. Ceramic jacketing of dental material covered with a p
also been found to provide a good seal.

| platinum surface should have a minimum area of ¥ mm?2,

type of electrode shown in Figure A.1 b), consists of a bundle of platinum wires
osed) embedded in a conical epoxy tip buiilt into a hard metal (e.g. stainless steel)
th a handle for introducing the electrodginto the soil. This electrode is convenient to
bh it is more difficult to construct. Ithas been found that if problems occur with the se
platinum-wire and the electrode-body (glass or plastic), a small amount of melted se|
[ive as a further sealant.

hich

ther

tely
weld
then
astic

with
body
work
aling
aling

i

I‘/1

|

i =

[ ——

| 5
i e
|

|

| 7
{2

3 8

a) Redox electrode b) Point-tip redox electrode
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Figure A.1 — Construction of redox electrodes

Salt bridge

ecting the reference electrode to the soil without contamination of the ‘inner sol

e used in tensiometers), thus providing liquid contact with the soil.~The bridge is fillg
D,5 %) in potassium chloride solution, the latter of the same congcentration as that in t
rode (see 5.3).

igar is prepared by boiling the chosen potassium chloride selution with agar (p = 0,5 %
tes to obtain a clear solution. This is poured hot into the tube with the ceramic cup. T|
plt bridge should be enough to reach the fresh (or wétter) soil layer as defined in Anne
50 cm should be satisfactory for most applications’It should be noted that short bridg
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mpletely closed. Other kinds of salt bridge construction, e.g. integrated bridge-electrc
Iso be suitable. Solid electrolyte systems are suitable for use only in saturated soils be
‘ent problem of the nature of the eléctrical junction between such electrolytes and soi
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purpose of the salt bridge is to close the electric circuit during the redeox meas
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ure A.2 — Construction of the salt bridge-for redox potential measurements

hgement of the electrodes-during measurement

e between the redox and the treference electrode should be within the range 0,1 m to 1|m as
Figure A.3. The soil layefs)into which both electrodes are inserted shall have a moiture
ed as fresh (or wetter) @ccording to the wetness classes given in Annex D. If, for example,
soil horizon is dry the)salt bridge should be placed in a hole augered down to a fresh (or
I.
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Dimensions in metres
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Figure A.3 — Arrangement of the redox and reference electrodes during measurement of redox

potential at two'depths in the soil (single electrode at each depth)
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Annex B
(informative)

Potentials of platinum electrodes in different solutions

Table B.1 — Potential of platinum electrode in quinhydrone dissolved in pH buffers versus

mdicataed rafoarance oloactrodecs atftamnoraturac20°C 28 0C and 20 0C
Heleadrearererence-ereeeroatsartemperatttre S cvo— oo —cadhao59—F

Referenceg electrode atpH 4 atpH7
mV mV
20°C 25°C 30°C 20°C 25 9% 309C
Ag-AgCl satyrated 268 263 258 92 86 79
Saturated callomel 223 218 213 47 41 34
Standard hy¢lrogen 471 462 454 295 285 27%
Table B.2 — Equilibrium potential of the iron(II-1II) couple at equal activities of iron(II) apd
iron(III)
pH Ey pH E;,
mV mV
0 771 8 160
1 770 9 30
2 750 10 -150
3 710 11 -320
4 620 12 -480
5 500 13 -560
6 390 14 -620
7 270
Table B.3 — Redox potential of equimolar mixtures of potassium hexacyanoferrate(IIl) and
potassium hexacyanoferrate(ll) as measured against a standard hydrogen electrode
mol? Ey
mV
0,01 415
0007 409
0,004 401
0,002 391
0,001 383
a  mol = 0,01 indicates that the concentrations of
both potassium hexacyanoferrate(Ill) and potassium
hexacyanoferrate(Il) are equal to 0,01 mol/l etc.
NOTE The measurement with the 0,001 mol/l solution is
the most exact.

10
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