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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 proced ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval cr1ter1a needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

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

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explarjation on the meaning of ISO specific terms and expressions related to conformity assesgment,
as well as information about ISO’s adherence to the World Trade ©rganization (WTO) principles fn the
Technical Bafriers to Trade (TBT) see the following URL: wwwrdso. org/iso/foreword. html.

This document was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee $C 11,
Animal and vegetable fats and oils.

This third edition cancels and replaces the second edition (ISO 8534:2008), of which it constitfites a
minor revisign to exclude the applicability for fat.coming from milk and milk products.
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Introduction

The determination of the water content of fats and oils according to Karl Fischer is carried out by two
different procedures. This document specifies the volumetric Karl Fischer method for the determination
of higher milligram levels of water (high level moisture). It is used for samples having between 1 mg
and 100 mg of water in the sample.

Annex B specifies a coulometric titration, which requires between 10 pg and 10 mg water in the sample.
The coulometric method is more sensitive than the volumetric method and permits the determination
of lower water contents.
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INTE

RNATIONAL STANDARD ISO 8534:2017(E)

Animal and vegetable fats and oils — Determination of
water content — Karl Fischer method (pyridine free)

1 S
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This document spec1f1es a method for the determlnatlon of the water content of ammal and vegetable
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3.1
wate
mass

ormative references

bllowing documents are referred to in the text in such a way-that some or all of
tutes requirements of this document. For dated references; only the edition cited
ed references, the latest edition of the referenced documeft)(including any amendmg

b1, Animal and vegetable fats and oils — Preparation of test sample

erms and definitions
e purposes of this document, the followingterms and definitions apply.
1d [EC maintain terminological databases for use in standardization at the following

C Electropedia: available at http:/fwww.electropedia.org/

$0 Online browsing platformtavailable at http://www.iso.org/obp

" content
in grams per 100.g-of sample, of water as determined in accordance with the metho

this document

ich is free of

scope of this

their content
applies. For
ents) applies.

addresses:

| specified in

Note 1 to entry: Thedwater content is expressed as a percentage mass fraction.
4 Principle
DISSO ved fat is titrated a(ralncf an iodine solution and sulfur dioxide (Qﬂrﬂ is oxidized ]‘\‘7

iodine in the

presence of water. In pr1nc1ple the chemical reaction in Formula (1) takes place

H,0+1, +S0, + CH,OH +3RN — [RNH|SO,CH, + 2[RNH]I

)

The alcohol reacts with SO and a nitrogenous base (RN) to form an intermediate alkylsulfite salt, which
is then oxidized by iodine to an alkylsulfate salt. This oxidation reaction consumes water contained in
the sample. The end point is monitored potentiometrically.

5 Reagents

WARNING — Comply with any local regulations which specify the handling of hazardous
substances. Technical, organizational and personal safety measures shall be followed.

© IS0 2017 - All rights reserved
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It is recommended that “ready for use” working solvents be used, either one-component reagents (5.1.1)
or two-component reagents (5.1.2). Reagents with a titre of 1 mg and 2 mg water per millilitre are
required for acceptable performance.

5.1 Karl Fischer reagents, consist of one-component reagents or two-component reagents for
volumetric determination.

5.1.1 One-component reagents, contain all the reactant in the titrant solution: iodine, sulfur dioxide,
and imidazole, dissolved in a suitable alcohol. Methanol is typically used as the working medium in the

titration cell.

Absolute me
absolute chlq
volume fract

5.1.2 Two
different soly
while the sol
in the titratia

5.2 Water
(1,0 % mass

6 Appard

Usual labora

6.1 Karl H
determinatio
recommendéd
humidity are
dishwashers

hanol is the solvent of choice. But for fats and oils, use a mixture of absolute methan
roform (the methanol content should be at least 25 % volume fraction, or optimally]
jon).

component reagents, consist of all necessary reactants for the titration, but ii
tions. The titrating agent (usually known as the titrant) contains only-iodine and met
yent containing the other Karl Fischer reaction components is used-as-the working m¢
n cell.

standard, commercially prepared standard with a certified concentration of 10
fraction).

jtus

fory apparatus and, in particular the following.

ischer apparatus, set up according<te the manufacturer’s recommendations fa
n of water in fats and oils. Set upvand conduct protocols for routine maintenar
d by the manufacturer. Use angairtight vessel and do not place the instrument iy
as. Do not place instruments or hahdle samples near water sources, such as taps, sink
in the laboratory.

6.2 Analytical balance, readable. to-the nearest 0,1 mg.

6.3 Syrin

s, of capacity 1], 2 ml, 5 ml, 10 ml, and 20 ml.

To ensure acfurate and.reproducible results from the water standard, use a glass gastight syring
water standard 10,0<use a 10 ml syringe and for either the water standard 1,00 or 0,10, use 3
syringe. In addition-to the appropriate size syringe, use a needle that is long enough to allow
subsurface ipjection when injecting through the instrument’s septum.

bl and
50 %

1 two
hanol,
bdium

mg/g

r the
ce as
high
s, and

e. For
5 ml
for a

7 Sampling

A representative sample should have been sent to the laboratory. It should not have been damaged or
changed during transport or storage.

Sampling is not part of the method specified in this document. A recommended sampling method is
given in ISO 5555.

8 Preparation of the test sample

Prepare the test sample in accordance with ISO 661.

© ISO 2017 - All rights reserved
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The determination of water is conducted by adjusting the sample size to have between 1 mg and 100 mg
water for the volumetric titration (the main body of this document) and between 10 pg and 10 mg for
the coulometric titration (Annex B) using Karl Fischer instruments and reagents which have been
validated with standard water solutions over the necessary range. For the volumetric determination, a
minimum amount of 0,5 ml Karl Fischer reagent shall be used for the titration.

9 Procedure

9.1

9.1.1

9.1.2

9.1.3

Titre

The titre shall be determined daily for each bottle of titrant.

Add 20 ml to 40 ml of working solvent (5.1) to the titration vessel. The)solvent sho

platinum electrodes.

9.1.4

Titrate the vessel to a stable dry end point.

CAUTION — Take care not to overtitrate.

9.1.5
is det

9.1.5

Determine the titre of the titrant using the water standard (5.2) and a syringe (6.3).
ermined by difference.

the apalytical balance (6.2).

Upon

opening the ampoule, withdraw a small portion of the standard to rinse the syringe; 1

suffigient. Rinse the entire interior of the'syringe and discard the rinsings. Then, immedisz
the rgmaining standard to the syringe.ahd expel any air bubbles. Using mass by difference

three

9.1.5

9.1.5

9.1.5
0,1 m

9.1.5

injections from the syringe.
2 When the mass displayed is stable, tare the balance.
3 Inject the watexsample into the titration vessel and close the vessel.

4 Place thé\syringe back on the balance. Record the mass of the water injected t
g. The mass'will be displayed as a negative value.

5. Enter the sample mass in the instrument.

Prepare the instrument according to the manufacturer’s recommendations for-calibjration.

uld cover the

Sample mass

1 Weigh, to the nearest 0,1 mg, approximately 1 g of the water standard into a syrinjge, placed on

ml to 2 mlis
tely transfer
make at least

b the nearest

9.1.6 Start the titration and record the titre when a stable end point is reached. Some instruments may
require calculation of titre from the displayed percentage of water.

9.1.7

9.1.8

Average a minimum of three titre determinations. Record the arithmetic average.

Update the instrument titre value with the new setting.

© IS0 2017 - All rights reserved
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The titre, ptitrant, in milligrams per millilitre, can be calculated from Formula (2):

ms WHZO,S

P titrant

where

4

titrant

ms is the mass, in grams, of the water standard;

— -

WHZO,S

Vtitrant i

9.1.9 Titre
of titrant has

days for the g

should be flu
reagent bottl

(2)

9.2 Test portion

5 the water content of the certified water standard,;

5 the volume, in millilitres, of the titrant used.

should not change significantly from day to day with routine operation ufitess a fresh pottle
been opened. A problem may exist if more than a 10 % relative change in titre occurs befween
ame bottle of titrant. If the instrument has been set up more than 12hbefore use, the blirette
thed and the titrant vessel refilled prior to determination of titre. Change the desiccant ¢n the
es as recommended by the manufacturer to minimize the drift in(reagent titre.

9.2.1 By mleans of a syringe, weigh and introduce a portion of the sample into the instrument using the

target masse

5 shown in Table 1. At least 0,5 ml Karl Fischer reagent shall be used for the titration.

Table 1 — Test portion sizes for\the volumetric titration

Water content in the test Min. mass of test Water content in the test
portion portiona portion
% mass fraction g mg
0,001 20 0,2
0,01 20 2
0,1 5
1 10
5 0,2 10
10 0,1 10
20 0,05 10
2 The-exdct test portion mass depends on the precision required and the burette used.
However; the test portion mass shall not be greater than the solvent mass. The maximum
masswatio of test portion to solventis 1 + 1.

9.2.2 Test portion masses are determined by difference.

9.2.2.1 Place the test portion, in an appropriately sized syringe, on the balance.

9.2.2.2 When a stable weight has been achieved, tare balance.

9.2.2.3 Immediately transfer the test portion from the syringe to the reaction vessel.

9.2.2.4 Place the syringe back on the balance. When the weight is stable, record the mass to the
nearest 0,1 mg.

© ISO 2017 - All rights reserved
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Determination

9.3.1 Add 20 ml to 40 ml working solvent (5.1) to the titration vessel. The solvent should cover the
platinum electrodes.

9.3.2

Titrate the vessel to a stable dry end point.

CAUTION — Take care not to overtitrate.

9.3.3

Weigh and introduce the test portion into the instrument according to 9.2.

9.3.4
9.3.5

9.3.5
fully ¢

9.3.5
portid

9.3.5
deter
shoul

Record the moisture content of the test portion when a stable dry end point is reach
Up to six test portions may be assayed before replacing and pre-titrating the workin

1 Replace the working solvent if a precipitate forms indicating that the test porti
lissolved.

2 Pre-titrate the working solvent if there is more than a-10“min delay between
ns on the same vessel of working solution.

3 The amount of solvent in a two-component solvent system added to the tit
mines the maximum amount of water that may be titrated. The volume of solvent or 1
d provide 60 mg to 100 mg of water capacity.

9.3.5
capa

amo
based

10 E
Calcu

The W

wher

solut{n depends on sample solubility, reagent capacity of two-component reagent systen]

4 The number of test portions that may\be titrated before replacing and redrying
ity. The initial volume of working solvent’'added using the two-component reagents set

t of water that can be titrated. Thesélection of six test portions serves as a guideline
on water content, reagent titre, and sample solubility.

xpression of results

lations completed autematically by the instrument.

rater content, WH20 t» in grams per 100 g of test portion, is calculated from Formula
Vtitrant pHZO %100
HOL ST m, x 1000

ed.
g solvent.

pons have not

running test

ration vessel
nixed solvent

the working
s, and vessel
5 a maximum
but may vary

| (3):

3

Viitrant is the volume, in millilitres, of titrant used;

PH.o

is the titre (water equivalent of the reagent, in milligrams of water per millilitr
2

my is the mass, in grams, of the test portion.

© IS0 2017 - All rights reserved
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11 Precision of the method

11.1 Interlaboratory test

Details of an interlaboratory test on the precision of the method are summarized in Annex A. The values
derived from this interlaboratory test may not be applicable to concentration ranges and matrices other
than those given.

11.2 Repeatability

on identical t
a shortinter

11.3 Repra

The absolute
test materiall
than 5 % of

12 Testre

The test rep

a) all inforI1ation necessary for the complete identification'6fthe sample;
1

b) thesam
c) thetest
d) theresu

e) ifthe rej

f) any oper
of any in|

For further i

ducibility

difference between two single test results, obtained with the same-method on ide
in different laboratories by different operators using different equipment, will in not
ases exceed the values of R given in Table A.1.

port

rt shall include at least the following information:

ing method used, if known;

method used, with reference to this dociment, i.e. ISO 8534;
t(s) obtained;

eatability has been checked, the final quoted result obtained;

ating details not specified in'this document, or regarded as optional, together with d
cidents which may have.nfluenced the test result(s).

hformation on the.tést report, refer to ISO/IEC 17025:2005, 5.10.

Ual of time, will in not more than 5 % of cases exceed the values of r given in Table'A.1.

ethod
vithin

ntical
more

etails
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Results of interlaboratory tests

An international collaborative test involving 22 laboratories in five countries was carried out on the
following samples:

A Mledium chain triglyceride oil with 3 % water

B S3

C S3

D C

hstor oil

imple A/Vegetable oil (1 + 1)

ymple A/Vegetable oil (1 + 3)

E
F
G

H

Castor oil/Vegetable oil

Extra virgin olive oil
Vegetable oil

Vegetable oil

The test was organized by the German member body (DIN) in 2006 and the results obtained were
subjefted to statistical analysis in accordance with ISO 5725-1[2].41id 1SO 5725-2[3] to give the precision
data in Table A.1 for the volumetric method.

Table A.1 — Statistical results for the volumetric method

Sample A B C D E F G H
No. participating 10 12 12 14 14 14 14 13
laboratories, np
No. laboratories retained
after] eliminating outliers, 9 10 10 14 12 12 12 11
np
N¢. test results in all
renjaining laboratories, 18 20 20 28 24 24 24 22
ne
M Pan water content,
Wit 8/100¢ 2939 | 1,439 | 0728 | 0,295 | 0,181 | 0,075 | 0,044 | 0,0104
Repeatability standard |, o, | (015 | 0015 | 0,008 | 0003 | 0,003 | 0002 | 0,0010
d(fVlatlon, sr, g/200'g
Coefficient of variation of
re‘Ieatability’ V), % 0,8 1,1 2,1 2,7 1,6 4,4 4,8 10,1
Repeataptlity limit, r, 0,070 | 0043 | 0,043 | 0022 | 0,008 | 0009 | 0,006 | 0,0029
5/100 g
Reproducibility standard | 1,0 [ 0024 | 0021 | 0,022 | 0008 | 0,005 | 0005 | 0,0027
deviation, sp, g/100 g
Coefficient of variation of
reproducibility, CV(R), % 49 L7 2,9 75 42 6.9 10,4 264
Repr°d“g/“1’(i)l(i)tg’"mit'R' 0,403 | 0,068 | 0,060 | 0062 | 0,021 | 0015 | 0,013 | 0,0076

© IS0 2017 - All rights reserved
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Annex B
(informative)

Information and precision data on the use of the coulometric

method

While the volumetric method specified in the main body of this document is used for the determination

of higher mi
levels in the
amount of te|
the coulome
of electric ¢
multiplying
2 x 96 485

reacts with d

In the coulometric variation of the Karl Fischer determination of water, iodine necessary fq

reaction wit
reagent as in
reagent insic
electrode. Th
instruments
being fully a
separated by
takes place i
the number
Faraday law
generated is

water can bd calculated.

The coulome
of lower wat|
reactions.

ligram levels of water (high level moisture), the coulometric method is used for mo
range 10 pg to 10 mg of water in a sample (low level moisture). But, depending d
t sample, both methods can be used for high and low level moisture determjination
ric Karl Fischer titration, the amount of water is determined by measuring:the qu
arge, in coulombs, generated during the titration. The electric charge-is’ calculat
the current, in amperes, by the titration time, in seconds. According-to Faraday’

ne molecule of water during the Karl Fischer reaction.

h water is produced by the anodic oxidation of iodide. InStead of dispensing Karl F
volumetric Karl Fischer titration, the Karl Fischer instrumentation actually generat
le the reaction cell. A current flows through the reagent generating iodine at the

e iodine produced is proportional to the quantity ef,electricity consumed. The comm
which have been developed to make use ofxthis principle are sophisticated, u
itomated and computerized. Such an instrument contains two cells, anodic and cat
a membrane and containing electrolytes inte' which platinum electrodes dip. The reg
Ih the anodic cell. The rest of the instrument facilitates the reaction, the measurem

determined. Since one molecule(ofjwater reacts with one molecule of iodine, the amo

Table B.1 — Sample sizes

sture
n the
With
hntity
ed by
5 law,

[ are needed to generate 1 mole of iodine, and one molecule of this-iodine subseqyently

r the
scher
bs the
hnode
ercial
sually
hodic,
iction
ent of

bf coulombs of charge consumed and its conversion into the water content. Based g¢n the
relationship between electric charge)and amount of substance, the exact amount of jodine

unt of

tric method is more sensitive than the volumetric method and permits the determination
er contents (see Table Bi?). It is also sensitive to atmospheric moisture and chemicdl side

Water,content in the sample | Sample mass | Water content in the sample
% mass fraction g mg
0,000 1 10 0,01
0,001 10 0,1
0,01 5 0,5
0,1 2 2
1 0,2 2
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