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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

This document has been developed in parallel with ISO 23674. Knowing this, an interlaboratory test
using either one or the other method was performed on same tailor-made cosmetic products in order to
establish that both methods fulfilled the same requirements (see Annex B). This method was validated
by means of an interlaboratory test according to ISO 5725-2[7] using lipstick, body lotion, toothpaste
and eyeshadow, with a mercury concentration in the range of 0,110 mg/kg to 5,84 mg/kg. Statistical
characteristics regarding this interlaboratory test are provided in Annex A, Table A.1.
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INTERNATIONAL STANDARD

ISO 23821:2022(E)

Cosmetics — Analytical methods — Determination of
traces of mercury in cosmetics by atomic absorbtion
spectrometry (AAS) cold vapour technology after pressure
digestion

1

This|document specifies a method for determination of mercury in cosmetics by means of
atomlic absorption spectrometry (AAS) with a prior pressure digestion.
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Principle
first step, the finished cosmetic product is digested in a closed vessel at high tempd

bure using mineralacids. Pressure digestion is carried out at a temperature of 200 °C

digestionyof the cosmetics, the concentration of mercury is determined by quantifi
AS cold-vapour technology.
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mandatory to conform with the conditions specified for this method.

5 absolutely

The measurement solution is transferred to the reaction vessel of the mercury analysis unit. From
there, mercury is rinsed out into the cuvette of the AAS instrument with the help of a carrier gas flow
after reduction with divalent tin or sodium borohydride. Absorption at the mercury line of 253,7 nm is
used as a measure for mercury concentration in the cuvette. By using a gold/platinum mesh (amalgam
technology) for concentration of the rinsed-off mercury prior to measurement in the cuvette, it is
possible to achieve lower limits of quantification (LOQs).

5 Reagents

The reagents and the water used shall be free of mercury to such an extent that the analysis is not
impaired. Unless specified otherwise, pure-analysis chemicals shall be used, and solutions are
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understood to be aqueous solutions. Use water conforming to Grade 1 of ISO 3696 (conductivity below
0,1 pS/cm at 25 °C).

5.1 Hydrochloric acid, minimum mass fraction w = 30 %, density = 1,15 g/ml, suitable for elemental
analysis.

5.2 Nitric acid, minimum w = 65 %, density = 1,4 g/ml, suitable for elemental analysis.

5.3 Diluted nitric acid, produced by mixing nitric acid (5.2) at a ratio of approximately 1 + 9 with
water respectively.

5.4 Redu¢ing agents, for example tin(II) chloride or sodium borohydride.

Alternating pperation with both reducing agents (5.4.1 and 5.4.2) is not recommended. Forthis purpose,
the approprjate information from the manufacturer of the instrument shall be followed.

The mass doncentrations of the reducing agent solutions can vary, depending on the system)] The
corresponding data of the manufacturer of the instrument shall be conformed with.

5.4.1 Tin(ll) chloride solution, for example mass concentration p = 100'g/1.

Weigh 50 g tin(1l) chloride, SnCI,-2H,0 in a 500 ml volumetric flask{dissolve in approximately 100 ml
hydrochlorif acid (5.1), and fill up to 500 ml with water. The solution shall be freshly prepared prior to
use.

5.4.2 Sodjum borohydride solution, for example p = 30,g/1.

Dissolve 3 g|of sodium borohydride and 1 g of sodium hiydroxide pellets in water and fill up with 100 ml
water. The splution shall be freshly prepared every. day and filtered prior to use.

WARNING 1 Compliance with the safety instructions is mandatory when working with sodium
borohydride. Sodium borohydride forms hydrogen when combined with water and espedially
on reaction] with acids, which can result.in an explosive air/hydrogen mixture. A fixed exhaust
system shall be installed/present ip-the area where measurements are carried out.

5.5 Stabilization

The standard, calibration aridysample digestion solutions are stabilized with hydrochloric acid (5]1). It
is recommended to set a hydrochloric acid concentration of around w = 1 % in the solutions. Alternptive
stabilizing rleagents can.also be used (see Clause 10).

5.6 Mercury stock solution, mercury p =1 000 mg/I.

The stock sqlufion is commercially available. It is recommended to use certified stock solutions.

5.7 Mercury standard solutions

Dilute the stock solution to the concentrations required for calibration and add the necessary amount
of stabilisation reagent (5.5). In doing so, select concentrations that the linear range of the reference
function is not exceeded. It is recommended to use at least three (3) standard solutions with different
concentrations.

The acid concentration in the standard solutions shall correspond to the acid concentration of the
measurement solution. Mercury standard solutions have a rather short shelf life, even at higher
concentrations; therefore, they shall be freshly prepared every day.

2 © IS0 2022 - All rights reserved
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Calibration blank solution

The calibration blank solution shall contain water, the same amount of stabilisation reactant as the
mercury standard solutions (5.7) per litre and the quantities of nitric acid (5.2) and hydrochloric acid

(5.1)

that correspond to the acid concentrations in the measurement solution.

6 Apparatus and equipment

For the determination of mercury all apparatus and equipment that come into direct contact with the
sample and the solutions used shall be thoroughly pre-treated to ensure minimisation of contamination.
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7 Procedure

7.1 General

WARNING — The use of this document can involve hazardous materials, operations and
equipment. This document does not address all the safety risks associated with its use. It is the
responsibility of the user of this document to take appropriate measures for ensuring the safety
and health of the personnel prior to application of the document.

During all process steps it shall be ensured that there are no losses of analyte and that contamination is

kept as low as possible.

7.2 Preparation of samples
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the subsequ
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7.3 Pressg

igestion of the sample, a suitable preparation shall be carried out (e.g. homogenizing, mi

ent sample. The sample preparation step shall ensure a homogeneous starting materi
n quantity.
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id (7.3.3).

Samples that are not covered by acid\¢an cause local overheating of the digestion vessel and
melting and subsequent bursting of-the’digestion vessel. Prior to digestion, ensure that the §

y covered by the acid mixture.

e and pressure inside the vessels shall be controlled to ensure a proper digestion. To
n temperature and pressure among vessels, one should only digest samples with sil
in the same microwave-assisted digestion batch.
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bigh about 200 mg of sample into a digestion vessel.
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with the solution. Allow the mixture to rest in a closed digestion vessel to ensure that the preliminary
reaction takes place. Depending on the reactive behaviour of the sample the duration of the preliminary
reaction can require resting periods of 30 min up to overnight.

Then add 1 ml of hydrochloric acid (5.1) and briefly mix. After addition of the hydrochloric acid, the
pressure vessel shall be closed and sealed immediately to make sure that the formed chlorine gas is
available for the reaction and does not evaporate.

7.3.3 Preparation of sample by digestion — Specific cases

For highly water-based cosmetic products, such as lotion, milky lotion, cleanser or micellar water, a
test portion could reach 400 mg. In this case no addition of water is required before addition of acids
(7.3.2).

© IS0 2022 - All rights reserved
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— For all the other specific cases, test portion can be adapted but the ratio between test portion and
acid volumes (7.3.2) shall not be changed.

In case of products with a significant content of volatile components, for safety reasons, it is highly
recommended to remove volatile components by carefully heating up the sample (e.g. in a water bath at
60 °C) after weighing the sample in the digestion vessel, but prior to the addition of the acid. The loss of
volatile components should be determined at the end of the process. In this context, special care shall
be taken to prevent losses of the specific elements.

Due to sample heterogeneity concern, a test portion below 100 mg is not recommended.

7.3. Microwave digestion procedure

WARNING 1 During all steps of the digestion process, the manufacturer’s safety information shall be
accuifately followed.

7.3.4.1 Process the samples using, for example, a three-step heating program:
a) ramp the heat up from room temperature to 200 °C in, for example,.30 min;
b) hold the temperature at 200 °C for 30 min;

c) ¢ool down to 50 °C, before removing the vessels from the microwave.

It is mandatory to maintain a temperature of 200 °C for 30 min to obtain comparable rgsults, since
complete digestion is not possible for all types of samples:

WARNING 2 Depending on reactivity of the sample, it can be necessary to select a lower heatfup rate than
specified in order to prevent extreme reactions or explasions.

7.4.3.2 Forreactive samples, a 7-step heating program with a slower heating ramp has begn efficiently
used

a) ramp the heat up from room temperature to 160 °C in 25 min;
b) hold the temperature at 160:2C-for 15 min;

c) famp the heat up from 160 °C to 180 °C in 10 min;

d) lold the temperatur@at 180 °C for 10 min;

e) ramp the heatup'from 180 °C to 200 °C in 35 min;

f) lhold the teniperature at 200 °C for 30 min;

g) ¢ooldown to 50 °C, before removing the vessels from the microwave.

NOTH This information is given as an example of program that can be used in case of reactive $amples. This
alternative digestion program was not included in the validation studies. It is up to the user to show equivalency
when used.

7.3.5 Preparation of measurement solutions

The digestion solution obtained after pressure digestion is filled up with water after cooling to obtain a
defined volume, for example 20 ml, and is used for measurement. If required, further dilution steps can
be performed using calibration blank solution (5.8).

Ensure that the measurement solution obtained in this way contains the same acid concentrations as
the calibration solutions prepared according to 5.7.

Remove any residue by decanting or filtering the final solution by a membrane filter (6.3).

© IS0 2022 - All rights reserved 5
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The stability of the mercury in the digestion solution depends on the type and concentration of the
acids used for the digestion, the vessel materials used for storage and the mercury concentration. It is
therefore recommended to stabilize the digestion solution, for example, with hydrochloric acid (5.1). If
sufficient hydrochloric acid has already been added during the digestion, further stabilization may be
dispensed with.

7.4 Atomic absorption spectrometry (cold vapour AAS)

7.4.1 Spectrometry settings
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3.5).
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7.5 Quality control of the analysis
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8 Evalugjtion
8.1 Calculation
Calculate the mercury content, w, by using Formula (1):
(a-V-F)
T m
where
w is the mercury content in the sample, in mg/kg or in mg/1;
a is the mercury content in the sample measurement solution, in mg/I;
% is the volume of the filled-up digestion solution, in ml;
F is the dilution factor of the sample measurement solution;

(0
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is the test portion for digestion in g or the sample volume for digestion, in ml.

It is not recommended to subtract blank values from the mercury content a, in the measurement
solution. Operator has to check the possible input of the mercury blank value and has to check if
subtraction from a is possible or repetition is needed.

8.2

Limit of quantification

The limit of quantification of the measurement solution depends on the following parameters:

The

meas
the |

rinciple of mercury release (batch or flow system);

enrichment (amalgam) or no enrichment;

in case of flow systems:

— continuous/discontinuous release of Hg;

— quantity of the digestion solution used;
structure of the instrument;
matrix effects.

imit of quantification generally is within a range between 0,05 pg/l and 5 pg/l, b
urement solution. With a test portion of 0,2 g and.ayfinal digestion volume of 20 j
mit of quantification for the cosmetic product to be'within the range between 0,003

0,5 mg/kg.

8.3
The

Reliability of the method

brocedure was validated in 2015 by means of an interlaboratory test according to I§

including 8 laboratories participating. In" total, six samples (lipstick, tattoo colourant,

tootH
werg
the 1

ipaste and eyeshadow) with vdrying mercury contents between 0,110 mg/kg and
analysed. A second interlabgratory test has been performed in 2019/2020 and was ¢
heans of the accuracy profile' methodology (as described in ISO/TS 22176l¢l). For all

ased on the
nl, calculate
mg/kg and

0 5725-2[7],
body lotion,
5,84 mg/kg
valuated by
test results,
ee Annex B,

te following

h of sample,

see Annex A and Annex B. For statistical characteristics of the second interlaboratory test §

Tabl¢ B.1.

9 Testreport

The ftest report/should contain the data according to ISO/IEC 17025[5] and at least t}

inforjmation:

a) 3llinformation necessary for the identification of the sample (kind of sample, origi
designation):

b) areference to this document, i.e. ISO 23821:2022;

c) the date and type of sampling procedure (if known);

d) the date of receipt;

e) the date of test;

f) the test results and the units in which they have been expressed;

g) any particular points observed in the course of the test;

h) any operations not specified in the method or regarded as optional, which might have

results.
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10 Alternative stabilizing reagents

10.1 Stabilization with sulfuric acid (2 %)

10.2 Stabilization with potassium bromide-potassium bromate reagentl3]

a) Potassium bromate solution, substrate concentration ¢ = 0,033 mol/l.
Dissolve 1,39 g of potassium bromate in 250 ml water. Possible contamination by mercury can be
eliminated by drying in the muffle furnace overnight at 250 °C * 20 °C. The solution is stable for
approximnfp]y‘l month

b) Potassifim bromide solution, ¢ = 0,2 mol/1.
5,95 g of potassium bromide are dissolved in 250 ml of water. Possible contamination by megcury
can be femoved by drying in the muffle furnace overnight at 300 °C + 20 °C. Thesolution is stable
for apprioximately 1 month.

c) Potassiim bromide-potassium bromate reagent, (c = 0,1 N).
The potfassium bromate (a) and potassium bromide solution (b) are-mixed in equal parts| 100
sampleg can be treated with 200 ml of reagent. The reagent is stable for several days to weeks.
This shall be checked. The solution should be colourless. Ampoules with ready-mixed potassium
bromid¢-potassium bromate solution are commercially availableand can also be used.

10.3 Stabilization with potassium dichromate solution, mass concentration o = 5 g/1

Dissolve 5 g|of potassium dichromate in 500 ml of dilutedsitric acid (5.3) and fill up to 1 1 with water.

11 Short-term stabilization when measuring with potassium permanganate

solution

In order to prevent adsorption of mercury at the walls of the measuring containers and to incyease

the stability of the standard and measurement solutions for larger measurement series, it is pogsible

to add a fewy drops of potassium permanganate solution to the measuring solution in the measyiring

containers yntil it remains pink.

Potassium germanganate solution, for example with a concentration of o = 40 g/1.

0,4 g of potssium permanganate are dissolved in water and made up to 10 ml. The solution shgll be

prepared fr¢sh every day:

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

Performance of the method determined via ISO 5725 statistical

In to
conty
mate
of m
was
werd
samyj
nest¢

The
In ad
devii

The
valug
devid

(repg

Fron
repe
devi:
devid
the 1
mea
shor

The
devii
for t
signi
the i
devid
cons

approach

al, six samples (lipstick, tattoo colorant, body lotion, tooth paste and eyeshadow) |y
ents of mercury were analysed. Two of these six samples were obtained fromthe s
rial (body lotion) and thus constitute blind duplicate samples. For each sampl]e, the de
ercury was carried out on the same day in duplicate, under repeatability conditions.
performed within 3 days to 7 days after digestion of the respective sample.The statisti

performed using the statistical approaches according to 1SO 57252/Zl. The two
les 3 and 6 were also evaluated using the statistical approaches aécording to ISO 57|
bd interlaboratory test design.

statistical evaluation according to ISO 5725-2[7] is based @n the data after outlier
dition to the overall mean value, the results of this evaltation are the reproducibili
ition si and the repeatability standard deviation s.

reproducibility standard deviation sy characterizés”the total variability of the m
bs, taking into account the variability between différent laboratories. The repeatabil
ition s. describes the variability within one laboratory and under constant measurin
atability conditions).

0 5725-2[71,
vith varying
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[he analysis
cal analyses
body lotion
25-3[8] for a

elimination.
ty standard

easurement
ty standard
b conditions

| the reproducibility and repeatability(standard deviation, the reproducibility limi
htability limit r are calculated. TheLréproducibility limit R describes the maximu

itions, it can be assumed that either different samples were used or an error occ
heasurement. The repeatability limit r describes the maximum expected deviation b
ured values under repeatability conditions, which were thus realized in the samg
[ly after each other.

Horwitz function iS-often used to calculate the theoretically expected reproducibil
ition. Together @Adth the resulting HORRAT value they are often used as a gene
he efficiency,.0f )a method as a function of the measured concentration. Here, a HO
[ficantly larger (or smaller) than 1 means that the reproducibility standard deviation
nterlaboratory test is significantly greater (or smaller) than the expected theoretig
ition (Horwitz standard deviation). In inter laboratory tests, HORRAT values up to 2 a
dered’inconspicuous.

R and the
expected

ition between two measured values’ from different laboratories for the same sampl¢. For larger

rred during
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0 5725-318l,

In addition to the repeatability and reproducibility standard deviation, the intermediate standard
deviation s; is determined, which characterizes the variability of the measured values between the two
subsamples.

As for all sample-element combinations the relative reproducibility and repeatability standard
deviation lay below 30 % the results are considered as acceptable. This is also shown by the fact that
the HORRAT values are always below 2.

A comparison of the two blind duplicates of the body lotion samples shows that the obtained
reproducibility standard deviations represent the actual standard deviations under repeatability

cond
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The interlaboratory test has been performed in the working range from 0,110 mg/kg up to 5,84 mg/kg.
On the basis of all the data obtained, the procedure shows that it fits for purpose in various cosmetic
matrices and for a range of concentration of interest.

The statistical characteristics of the inter laboratory tests are listed in Table A.1.
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