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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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Surface active agents — Determination of 1,4-dioxan
residues in surfactants obtained from epoxyethane by gas
chromatography

1 Scope

This
surfd

International Standard provides a method for the determination of 1,4-dioxane
ctants whichare synthesized from epoxyethane, such asalkyl ether sulfates and aleohol

residues in
ethoxylates.

The nethod is applicable for samples containing 1,4-dioxane more than 5 mg/kg. Férysamplels containing

1,4-d

ioxane more than 100 mg/kg, the sample solutions should be diluted to apprepriate co

2 Normative references

The
indisg
refer
ISO 6
ISO 3

ISO §
for th

3 1

The
placd

ani

4 1

Duri
to gr

4.1

ncentration.

following documents, in whole or in part, are normatively referenced in this document and are
pensable for its application. For dated references, only the edition cited applies. For undated

ences, the latest edition of the referenced document (including any amendments) appl
07, Surface active agents and detergents — Methods of.sample division

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

es.

725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic method

e determination of repeatability and reproducibility of a standard measurement method

Principle

sample is weighed into a head space vial and a calibration solution is added. The s
d in a head space samplinginstrument and allowed to reach thermal equilibrium. A p

Vap?}lrr phase is then analysed by temperature programmed GC with flame ionization dete

ernal standard or standard addition method of quantification are employed.

Reagents

baled vial is
brtion of the
rtion. Either

hg the analysis, use only reagents of recognized analytical grade and the water used shall conform

hde 3 insaecordance with ISO 3696.

1;4-Dioxane, purity 99,5 % minimum.

4.2

4.3

4-Methyl-1,3-dioxane, purity 98 % minimum.

N, N-dimethylformamide (DMF).

DMF may be substituted with other solvent. Applicability of the solvent should be evaluated by
appropriate validation. Possible substitutes are including, but not limited to following:

— N, N-dimetylacetamide(DMA);

— Dimethyl sulfoxide (DMSO);

— Diethyl formamide (DEF);
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— Formamide.

Diluent shall be free from peaks which interfere 1,4-dioxane and 4-methyl-1,3-dioxane.

4.4 Carrier gas: nitrogen or helium, purity 99,99 % minimum.

5 Appar

atus

Ordinary laboratory apparatus and the following.

5.1 Analytical balance, 0,1 mg readability.

5.2 Gas chromatography system, attached with temperature programmed device and flame
ionization ¢etector (FID).

5.3 Head
54 20m
5.5 Septy
5.6 Sealil

5.7 Capil

NOTE A
acid modified

5.8 Voluy

5.9 Gastj

6 Prepa

6.1 Calib

Add approx
record the {
volume with

space sampling unit

ng pliers, for the vials.

ration of calibration solutions

ration solufion A

hetric flasks, 50 ml and 100 mlcapacity.

ight syringes or glass pipettes, 1 ml + 0,01 ml capacity.

Im and crimped tops, lined with aluminium or PTFE; fer closing the vials.

Jary column, capable of the separation chatacteristics shown in Figure 2.

crimped top glass vials, sealing pliers and sealing clamp suitable for head space [init.

30 m x 0,32 mm (id) fused silica capillary column (film thickness: 0,25 pm) with nitroterephthalic
polyethylene glycol stationary phase is advisable.

mately40/ml of DMF (4.3) to a 50 ml volumetric flask. Weigh 0,2 g of 1,4-dioxane (4{1) to
xactwass to obtain the accurate concentration in each calibration solution I. Make {ip to
DM¥'and thoroughly homogenize. The solution is A.

Prepare eac

h calibration solution I according to Table 1.

Table 1 — preparation of calibration solutions

Calibration solution I I1 Iy I3 I4 Is
Volume of the solution A/ml 0,0 0,5 1,0 2,5 5,0
Make up to volume with DMF/ml 100 100 100 100 100
The approximate concen:rrlzla\)tlon of 1,4-dioxane?/(ng/ 0 20 40 100 200
a  The accurate concentration of 1,4-dioxane in each calibration solution I is obtained by the calculation with the mass of
1,4-dioxane.
2 © IS0 2015 - All rights reserved
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6.2 Calibration solution B

The calibration solution B which contains the calibration solution B1 and the calibration solution B> is
used to relative response factor procedure.

a) Add approximately 40 ml of DMF to a 50 ml volumetric flask, weigh 0,4 g of 4-methyl-1,3-dioxane
(4.2) to record the exact mass to obtain the accurate concentration in calibration solution C. Make
up to volume with DMF and thoroughly homogenize. The solution is C.

b) Add 0,5 ml * 0,01 ml of this solution C and 1,0 ml * 0,01 ml of solution A to a 100 ml volumetric

flask, make up to volume with DMF and thoroughly homogenize. The solution is By. The accurate

concantration of A.mathull 2. diavana and 1 A digvana in thao final colutinn B, ic Aht ined b the
copcentration-ofdamethydd 3-diovane and1 A-dioxane-in-the final selution B +is-ebts y

¢alculation with the mass of 4-methyl-1,3-dioxane and 1,4-dioxane.

c) AddO0,5ml#+0,01 mlofthis solution C to a 100 ml volumetric flask, make up to volume wjith DMF and
thoroughly homogenize. The solution is By. The accurate concentration of 4-methyl-1,8-dioxane in
the final solution Bj is obtained by the calculation with the mass of 4-methyl-1,3-dioxape.

7 Procedure

7.1 | Preparation of the test sample

Preppre and store the test sample in accordance with ISO 60%
7.2 | Standard addition procedure
7.2.1 Preparation of test sample solutions

7.2.1.1 Add2g+ 0,01 gof test sample (Z.4)to each of three separate head space sample yials.

For samples where the 1,4-dioxane contentis expected to be less than 20 mg/kg, use the prdcedure
described in 7.2.1.2. For samples expected to have a content of 1,4-dioxane from 20 mg/kg tio
100 mg/kg, use the procedure described in 7.2.1.3.

7.2.1.2 Using the 1ml gas tightsyringe or glass pipette (5.9), add the following to each of the three vials:

a) 1 ml* 0,01 ml of calibration solution I (6.1) to the first vial. Seal immediately with [septum and
¢rimped top (5.5)-and homogenize by shaking vigorously.

b) 1 ml* 0,01 mbof calibration solution I (6.1) to the second vial. Seal immediately with{septum and
¢rimped top(5.5) and homogenize by shaking vigorously. The added amount of 1,4-dioxane relative
flo the test.sample content is approximate 10 mg/kg.

c) 1 mh#0,01 ml of Calibration solution I3 (6.1) to the third vial. Seal immediately with|septum and
¢rimiped top (5.5) and homogenize by shaking vigorously. The added amount of 1,4-dioxyane relative
to the test sample content is approximate 20 mg/kg.

7.2.1.3 Using the 1 ml gas tight syringe or glass pipette (5.9), add the following to each of the three vials:

a) 1 ml#* 0,01 ml of calibration solution I; (6.1) to the first vial. Seal immediately with septum and
crimped top (5.5) and homogenize by shaking vigorously.

b) 1 ml#* 0,01 ml of calibration solution I4 (6.1) to the second vial. Seal immediately with septum and
crimped top (5.5) and homogenize by shaking vigorously. The added amount of 1,4-dioxane relative
to the test sample content is approximate 50 mg/kg.

c¢) 1 ml+ 0,01 ml of Calibration solution I5 (6.1) to the third vial. Seal immediately with septum and
crimped top (5.5) and homogenize by shaking vigorously. The added amount of 1,4-dioxane relative
to the test sample content is approximate 100 mg/kg.

© IS0 2015 - All rights reserved 3
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7.2.2 Determination

Analyse each blend as prepared in 7.2.1 by introducing the sample vial into the head space sampling unit
(5.4) and analysing in accordance with the chromatographic conditions given in Clause 8.

7.2.3 Expression of results

Constructagraph of peakarea (y-axis) versus content (x-axis) for thel,4-dioxane component. Extrapolate
the line to the point where it intercepts the x-axis (see Figure 1). This intersection is the 1,4-dioxane
content of the sample, c1, expressed as milligrams per kilogram.

Figure1 —

NOTE W
coefficientr s
determinatio

7.3 Relat

7.3.1 Det

Add2g+0,
(5.9), add 1,
Seal immed]

Note
or contains 1
the sample v

The samplein'this procedure is the same matrix as the test sample, which does not contain1,4-di

Areax 102
20

13 [

10 [

10,00

20,00
I 4-dioxane(mg/kg)

-10,00 0,00

Example of a peak area versus concentrationigraph for the standard addition proce

hen calculating the results in accordance/with the standard addition procedure, the re
hould be above 0,995. Or else, prepare the-new solutions and determine again. If necessary, ad
n points.

ive response factor proeedure

ermination of relative response factor

D1 g of sample to-a'hiead space sample vial. Using the 1 mL gas tight syringe or glass pi
D mL + 0,01 mL\of calibration solution B [6.2, b)] to determinate related response f3
ately with séptum and crimped top (5.5) and homogenize thoroughly by shaking vigord

al.

dure

ative
H 1~2

bette
ictor.
usly.

Xane

/4-digxane with known concentration, to ensure the consistency of the gas-liquid equilibrigim in
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Calculate the relative response factor k from the following Formula (1):

— As cZ
Ac,

k e8]

where
k isrelative response factor;

As isthe area of 1,4-dioxane, in peak area units;

isthearea ol demoethul L Sedigvane npealcareaunite

¢1 1isthe 1,4-dioxane content in test sample (7.1), in milligrams per kilogram;

d2 1isthe 4-methyl-1,3-dioxane content in the sample (i.e. 20 mg/kg), in millighams pet kilogram.

7.3.21 Preparation of test sample solutions

Add 2 g+ 0,01 gof test sample (Z.1) to a head space sample vial. Using thie”l mL gas tight syr|nge or glass
pipette (5.9), add 1,0 mL £ 0,01 mL of calibration solution By [6.2, ¢)], Seal immediately with|septum and
crimped top (5.5) and homogenize thoroughly by shaking vigorously:

7.3.3 Determination

Analyse each blend as prepared in 7.3.2 by introduce the sample vial into the head space sgmpling unit
(5.4)]and analyse in accordance with the chromatographic conditions given in Clause 8.

7.3.4 Expression of results
The 1,4-dioxane content, c1, expressed as milligrams per kilogram, is given by the following Formula (2):

_ 4,

) @

G

whertte
A7 isthe area of 1,4/dioxane, in peak area units;
Az isthe area of4*methyl-1,3-dioxane, in peak area units;

¢1 isthe 154-dioxane content in test sample (7.1), in milligrams per kilogram;

d2 isthe'4-methyl-1,3-dioxane content in the sample (i.e. 20 mg/kg), in milligrams pe} kilogram;

k C~is the relative response factor.

8 Chromatographic conditions

The choice of chromatographic conditions depends on the apparatus in use and can be varied from
those given below, provided that suitable separation of the compounds of interest is maintained. The
following conditions have been found to be suitable for the column recommended in the note in 5.7.

a) injection temperature 250 °C;
b) column settings as follows:
1) initial temperature 50 °C held for 1 min;

2) initial program rate of 10 °C/min to an intermediate temperature of 90 °C;

© IS0 2015 - All rights reserved 5
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3) afinal program rate of 20 °C/min to a final temperature of 220 °C;
4) maintain the final temperature for 5 min.

c) carrier gas: nitrogen or helium, flow rate of 2,0 ml/min;

d) detector temperature 260 °C;

e) Thehead space sampling conditions shall be optimized in accordance with the instrument suppliers
recommendations. The headspace oven shall be 85 °C and the equilibrium time shall be 20 min;

f) transfer line temperature 150 °C;

g) injection time 1 min, injection volume 1 ml;

h) splitlesg or split as a proper ratio shall be applied.

Response 3

[ 2¥)

| J b - Wwf

Running time

Key
1 1,4-dioxdane

2 4-methyl-1,3-dioxang'(internal standard)
3 solvent geak (BMF)

Figure 2—Atypicalchromatogramrof a test sampte

9 Evaluation

9.1 General

Standard addition method gives more precise data. However, the relative response factor procedure is
often used for routine quality control.

6 © IS0 2015 - All rights reserved
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Identification

The analysed 1,4-dioxane and 4-methyl-1,3-dioxane and the solvents DMF are identified by comparing
the retention times of the sample with those of the references substances. Identify the components of
the test sample by reference to Figure 2.

9.3

Calculation

Determine the area of the 1,4-dioxane peak and, if appropriate, the 4-methyl-1,3-dioxane peak using the
data.

10 Precision

10.
The

Repeatability limit

hbsolute difference between two independent single test results, obtained using the s

on identical test material in the same laboratory by the same operator using the same equip,
a shqgrt interval of time, shall not exceed the repeatability limit (r) in morethan 5 % of case

hme method
ment within

D.

According to ISO 5725-2, from the data given in Annex A, the relativelbépeatability limit [computed from
the mean of the 1,4-dioxane content in per cent (m/m)] can be expected to be

a)
b)

18 % for contents less than or equal to 20 mg/kg, and

8 % for contents greater than 20 mg/kg.

10.2 Reproducibility limit

The
test

hbsolute difference between two single test results, obtained using the same method
material in different laboratories by different operators using different equipment, sha

the reproducibility limit (R) in more than 5 % of cases.

According to ISO 5725-2, from the data given in Annex A, the relative reproducibility limi
from| the mean of the 1,4-dioxane.content in per cent (m/m)] can be expected to be 40 %.

11
The
a)
b)
‘)
d)

f)

L

[est report

test report shall iriclude the following information:

31l information necessary for the complete identification of the sample;
the methed used;

the results obtained and the used determination procedure;

on identical
I not exceed

[t [computed

details of any operations not specified in this International Standard, i.e. ISO 17280:2014, or in
the standards to which reference is made, and any operations regarded as optional, as well as any

incidents likely to have affected the results;
type and date of sampling;

date of receipt and date of analysis.
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