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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 specifies an analytical procedure for the determination of trace levels of heavy metals
(e.g. chromium, cobalt, nickel, arsenic, cadmium, antimony and lead) in finished cosmetic products by
inductively coupled plasma mass spectrometry (ICP-MS) after pressure digestion of the sample. This
type of analytical procedure is widely described in other areas such as environment [21110](11], fo0d[2][10]
[11] and pharmaceutical industry [12][13][14][15], While it maximizes the detection of trace levels present
in cosmetic products, it does not provide any methodology to directly evaluate systemic exposure of
the consumers.
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Cosmetics — Analytical methods — Measurement of traces
of heavy metals in cosmetic finished products using ICP/
MS technique

1 Scope

Thisldocument provides a method for quantification of trace levels of heavy metals in cosmetic products.

This|document refers only to chromium, cobalt, nickel, arsenic, cadmium, antimony ar{d lead. The
metHodology can apply to other elements, however, it is the responsibility of the analyst to demonstrate
that |t fits that purpose.

2 Normative references

The following documents are referred to in the text in such a wayythat some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

ISO 3696, Water for analytical laboratory use — Specificationand test methods

3 Terms and definitions
For the purposes of this document, the following'terms and definitions apply.
[SO dnd IEC maintain terminological databhases for use in standardization at the following gddresses:

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

— IEC Electropedia: available at'http://www.electropedia.org/

31
validation range
range from the upper to the lower concentration of samples used for the method evaluatior

3.2
validated range
rangg of confentrations between the upper and lower levels that the method performanice has been
demo¢nstrated to be compliant with the method requirements

4 Principle

Trace levels of heavy metals in cosmetic products are quantified by ICP-MS measurement of the solutions
following digestion of the cosmetic products. Digestion takes place with mineral acids in sealed vessels
heated to 200 °C by microwaves, producing high pressures.

In the sample preparation procedure, cosmetic ingredients are digested by using a nitric acid/
hydrochloric acid mixture allowing the trace levels of heavy metal to be solubilized for measurement.
It is possible that some cosmetic inorganic ingredients, such as silica or titanium dioxide, are not
completely digested under the conditions of this document and that heavy metal confined in such
ingredients are not fully extracted. However, the level of heavy metal trapped in these inorganic
materials is not considered to significantly contribute to the exposure level of consumers to these
heavy metals. The use of ICP-MS ensures reliable measurement of trace levels of heavy metals due to its
proven high sensitivity and selectivity.

© IS0 2021 - All rights reserved 1
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In order to obtain comparable results, it is absolutely mandatory to follow all the conditions linked to
the digestion of the samples.

5 Reagents

Care shall be taken to assure that the analyte background in the reagents and the water used is
negligible and will not interfere analysis. Unless specified otherwise, solutions are understood to be
aqueous solutions.

Water, conforming to Grade 1 of ISO 3696 (conductivity below 0,1 pS.cm1 at 25 °C [16]),

5.1
5.2 Nitrid
5.3 Hydrg
5.4

For storage

acid, minimum mass fraction w = 60 %, density = 1,38 g/ml, suitable for ICP-MS analys

pchloric acid, minimum w = 30 %, density = 1,15 g/ml, suitable for ICP-MS analysis.

Internal standard stock solutions

and stability conditions of the internal standard stock solutionsy)fellow the specifica

of the supplliers. The internal standard solution should contain a certified;Jor traceable to a cert

reference m

aterial (CRM) content.

5.4.1 Rhodium stock solution, 1 000 mg/1.

5.4.2 Lutd

5.5 Analyj
(Cd), antim

tium stock solution, 1 000 mg/1.

pony (Sb) and lead (Pb)] 1 000 mg/1 for each element.

Commerciallly available single element or mixed'stock solutions with a known certified, or trac

to a CRM cq
interfere wi

5.6 ICP-M
instrument

6 Appar

All apparaty
with diluteg
background|
glass.

ntent can be used. The used stock solutions shall not contain other elements that
th the analytes to be quantified.

S tune solution, containing, for example, Ce, Co, Li, Mg, Tl and Y (1 pg/l) accordil
manufacturer’s recomieéndations.

atus and equipment
s and equipment that come into direct contact with sample or solutions shall be pre-cle

| nitric acid (see 7.2) and rinsed with ultrapure water (5.1) to ensure the lowest an
To prevent contamination and adsorption, do not use lab materials made with borosil

is.

kions

ified

tes stock solutions [chromium (Cr), cobalt (Co), nickel (Ni), arsenic (As), cadmium

bable
rould

hg to

aned

alyte
icate

6.1 Digestion vessels

6.1.1 General case

Use commercially available, safety-tested pressure vessels and inserts made of acid-resistant, low-
contamination materials. The assembled vessels shall be able to safely withstand temperatures up to at

least 200 °C

and pressures up to at least 40 bar.

It is recommended to keep digestion vessel used only for cosmetic analysis purposes to minimize
cross contamination. In addition, the digestion vessels shall always be thoroughly washed after each
use. After digesting highly loaded samples, it is recommended to perform a blank digestion with same

conditions r

eported in this document to clean vessels before digesting subsequent samples.
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6.1.2 Special care for quantification of antimony

Antimony has been reported to be prone to adsorb on the inner surface of walls of vessels and adsorption
is empirically known to happen more frequently when using vessels with extensive period of usage.

Use only digestion vessels with minimal surface roughness to prevent antimony adhesion to the vessel
surfacelZl16], Thorough examination of the vessels shall be performed before their use to control for
any scratch or damage or any deposit. If there is any doubt on the integrity of vessels inner surface,
consider replacing with brand new digestion vessels.

This issue has been reported to more often happen when polytetrafluoroethylene digestion vessels

ly more re51stant to attr1t10n Damage is also more ea51ly Vlslble because of the1r tr

atise they are

usua ansparency.
However, polytetrafluoroethylene vessels without any scratch or damage on its innexlsufface or any
depoisit are appropriate.

In case of doubt on the possible adsorption of antimony on vessels’ walls (e.gfif significant deviations
from| the target value are observed), a control test is described in 8.4.2.

6.2 | Microwave-assisted digestion instruments.

Micrpwave-heated systems shall be equipped with a temperature measurement pnit, which

simufltaneously regulates the power control of the microwave. Calibrate the temperature s¢

use g

6.3
The

f at least once a year.

Membrane filter, 0,45 pm pore size.

membrane filter used shall be suitable for inetganic traces analysis. It shall be inert

to th
the
com

purp
etc.].

6.4

Mass
atoml

b

e acid concentration of the measurement Solution and shall not bring any conta

ercially available [polytetrafluoroethylen (PTFE), polypropylene (PP), etc.] and
ose shall be verified by means of apptopriate measurements [blanks, quality control ((

ICP-MS

spectrometer with induetively coupled argon plasma is composed of a sample introdu
isation system, as wellas an instrument control and evaluation unit. To prevent interfe

the
tha

7 1

asses of the heayyrietals chromium, nickel, cobalt, arsenic and cadmium, use a mass sj
is capable of ¢ompensating or minimizing such interferences (e.g. collision and/or 1

tr]:
resolution above 3000, alternatively corrective formulae for higher concentrations).

Preparation of standards solutions

bnsor before

with regard

n:l:lnatlon into
easurement solution or adsorption of the analytes. Several types of membrane material are

their fit for
DC) samples,

ction and an
rences with
bectrometer
eaction cell,

7.1

Generat

For all the solutions, the terminology "part” in the standard refers to either volume or weight. That
means that standards and samples can be diluted by volume or weight. However, it should be consistent
for both standards and samples.

7.2 Diluted nitric acid

Produced by mixing nitric acid (5.2) with pure water (5.1) at a ratio of approximately 1 + 9 parts
respectively.
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7.3 Diluting solution

The diluting solution shall have the same acid composition (total content and acid ratio) as the analytical
solution (the diluted digest solution). This solution should contain:

7.4 Inter

2,5 parts of nitric acid (5.2);

0,5 part of hydrochloric acid (5.3);
97 parts of water (5.1).

al ctandard caliziinnc
IUl JltdIIVdIL U1 JOVUIULLIVIIO

7.4.1 General

The interna] standards (IS) selected should cover all the mass range of the consideréd, analytes

have similaj
also be ched
that they ar

Rhodium an
negligible n

Rhodium is
whereas lut
(for exampl
An IS with 4
matrix comj

Internal std
concentrati

The concent
7.4.2 and 7.4

7.4.2 Rhg

Dilute the r}
solutionis s

Indium or iy

7.4.3 Lutq

ionisation energy to the heavy metal for which it is used for correction\purposes. It
ked that the native concentration of the internal standards to be analysed is negligiblg
e not interfered by sample constituents.

d lutetium have proven to be suitable as internal standards. Saniples should be checks
itive concentrations and that the sample constituents do notjinterfere with it.

suitable for the determination of chromium, cobalt, nickel, arsenic, cadmium and antir
ptium is suitable for the determination of lead. Alternatively, other elements may be
e indium or iridium). Scandium, however, is not suitable as IS due to calcium interfere
mass (m/z) below 100 is not recommended because it may suffer from interferences
pbonents.

ndard solutions may be added in each\sample and calibration solution at the
n or may be added through an online Y4itting to a pump tube.

ration of the internal standard solutions shall be included in the range 1 mg/1 to 2 mg|
.3, a concentration of 1 mg/1 has.been used for all the calculations.

dium standard solutiony 1ymg/1

jodium stock solution (5.4.1) 1 + 999 with diluting solution (see 7.3). This internal stan
fable at room templerature for 6 months.

idium may alse_be used as internal standards.

ptium standard solution, 1 mg/1

Dilute the L

tetiutn stock solution (5.4.2) 1 + 999 with diluting solution (see 7.3). This internal stan

solution is stable at room temperature for 6 months.

"F

and
shall
b and

d for

hony,
used
nces.
from

bdIme

dard

dard

Indium or ir

idium may also be used as internal standards.

7.5 Standard solutions

7.5.1 General

The concentrations of these standard solutions are examples and should be adjusted to the specific
conditions in the laboratories.
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7.5.2 High concentration mixed standard solution, 10 mg/1

Dilute 100 times the analytes stock solution(s) (5.5) by adding:

— in the case of single analyte stock solutions, 1 part of each of these 7 solutions to 93 parts of the
diluting solution (see 7.3);

7.3).

This

high standard solution is stable at room temperature for 6 months.

in the case of mixed stock solution, add 1 part of this solution to 99 parts of the diluting solution (see

7.5.3

Dilut]
99 p

Low concentration mixed standard solution, 0,1 mg/1

e 100 times the high concentration standard solution (see 7.5.2) by adding 1 paft of thi
irts of the diluting solution (see 7.3). This low standard solution is stable at+0em tem

3 months.

7.6

The
Geng
inter]

7.7

Mixe
75.3
targg
add ¢
3 cal
shall

Exan
thei

Calibration blank solution

calibration blank solution corresponds to the matrix solutiontwithout any analyte
rally, it corresponds to the diluting solution with the suitdable concentration of the
nal standards if not added via a Y-fitting during the measutrement.

Calibration solutions

d calibration solutions are prepared by diluting the'low concentration mixed standard
) with the diluting solution (see 7.3) to levels.in the linear range of the instrument an
ted concentration range. Include a suitablé:¢encentration of the appropriate internal s
nline the internal standards by means of pumping into the sample flow through a Y-fit
ibration solutions with various concentrations should be prepared. These calibrati
be prepared daily.

ples of preparation procedure of calibration solutions are detailed in Table 1 (with
hternal standards in all thesalibration solutions) and Table 2 (with on line addition of

s solution to
perature for

of interest.
appropriate

solution (see
H within the
tandards, or
Fing. Atleast
bn solutions

addition of
the internal

stanglards via a Y-fitting).
Table 1 — Example of calibration solutions of the ICP-MS — Addition of the internal standards
in every calibration solution
Calibration selution Part of low Part of Part of Part of the Analyte
concentration | rhodium lutetium diluting concentration
mixed standard standard solution in the
standard solution solution cplibration
solution (Z3) solution
(7.4.2) (7.4.3)
{753 (ng/)
Calibration blank 0 2 2 496 0
Calibration solution 1 2,5 2 2 493,5 0,5
Calibration solution 2 5 2 2 491
Calibration solution 3 10 2 2 486
Calibration solution 4 25 2 2 471
Calibration solution 5 50 2 2 446 10
© IS0 2021 - All rights reserved 5
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Table 2 — Example of calibration solutions of the ICP-MS — Online addition of the internal

standards via a Y-fitting

Part of the Analyte
Part of low . . .
. diluting solution concentration
concentration .
i i i mixed standard solu- (7.3) in the
Calibration solution tion L2 calibration solu-
tion
7.5.3
(2.5.3) (ng/D
Calibration blank 0 500 0
Calibration solution 1 25 49785 05
Calibration dolution 2 5 495
Calibration qolution 3 10 490
Calibration qolution 4 25 475
Calibration dolution 5 50 450 10

8 Procedure

WARNING
equipment
responsibil

of the pers¢onnel prior to application of the document.

8.1 Preparation of samples

Homogenizg

— The use of this document can involve hazardous materials, operations|and
This document does not address all the safety risks associated with its use. It is the
ity of the analyst to take all appropriate measures for' ensuring the safety and h¢alth

the samples by means of suitable devices?,The sample preparation step shall enstire a

homogeneotis starting material for a weighed sample quantity. After homogenization, thoroughly glean

the devices

8.2 Press

WARNING
weigh in 1
explosions|

Fo rule out contamination of the subsequent sample. See Clause 6.

ure assisted digestion

— Depending on the degree of reactivity of the sample, it can be requirdd to
wer quantities than specified in 8.2.2 in order to prevent extreme reactions or
It shall be taken into-account that digestion of samples with high carbon contents

(e.g. carboliydrates, fats, oils;-waxes) can cause explosions. Alcohols or solvents in combinjtion

with conce
Therefore,
the acid (8.

WARNING ?
vessel and
digestion, ¢

htrated nitric aeid-¢an cause delayed severe reactions already at room temperature.
it is highly recammended to gently evaporate all volatile components before adding
2.2).

 — Samples that are not covered by acid can cause local overheating of the digestion
thustlead to local melting and subsequent bursting of the digestion vessel. Pripr to
nsure that the entire sample is fully covered by the acid mixture.

8.2.1 General

Temperatur

e and pressure in the vessels shall be controlled to ensure a proper digestion (see 6.2). To

avoid differences in temperature and pressure among vessels, one should only digest samples with
similar composition in the same microwave-assisted digestion batch.

8.2.2 Preparation of sample by digestion — General case

Precisely weigh 200 mg of sample into a digestion vessel.

Add 1 ml of water (5.1) and thoroughly mix with a shaking device or manually until the sample is
completely suspended in the water.

© ISO 2021 - All rights reserved
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Add 5 ml nitric acid (5.2) to the mixture and mix again. The sample should be completely covered
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 period of at least 30 min up to overnight.

Add then 1 ml of hydrochloric acid (5.3) 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.

8.2.3 Preparation of sample by digestion — Specific cases

or cosmetic products with high water content, such as lotion, milky lotion, cleanser]l or micellar

ater, a sample mass could reach 400 mg. In this case, no addition of water is feq
ddition of acids (see 8.2.2).

or all the other specific cases, sample mass can be adapted but the ratio betweén samyj
cid volumes (see 8.2.2) shall not be changed.

In cdse of high volatile content products, it is highly recommended fof Safety reason td
remgve volatile portions through a careful heat-up monitoring the loss.oPsample weight (e,
bath|at 60 °C) after weighing them into the digestion vessel but priorto adding the acid (se

Due fo sample heterogeneity concern, a weight below 100 mg isTiot recommended.

8.2.

Microwave digestion procedure

WARNING 1 — Pay special attention when performing digestion under elevated tem
it might increase internal pressure resulting in higher safety risks in operation. During all steps

of t

digestion process, the manufacturer’s safety information shall be accurately fqg

Procgss the samples using a 3-step heating program:

a)

c)

It is

famp the heat up from room tempeérature to 200 °C in approximately 30 min;
lhold the temperature at 200 2C for 30 min;
¢ool down to 50 °C, before.rémoving the vessels from the microwave.

mandatory to maintain’a temperature of 200 °C for 30 min to obtain comparable r

complete digestion is notpossible for all types of samples.

WARNING 2 — Depending on reactivity of the sample, a lower heat-up rate may be us
to prevent extreme reactions or explosions.

For gxample;-a 7-step heating program with a slower heating ramp has been efficiently use

ired before

le mass and

completely
c. in a water
2 8.2.2).

perature as

llowed.

bsults, since

ed in order

a) ramp'the heat up from room temperature to 160 °C in 25 min;

b) hold the temperature at 160 °C for 15 min;

c) ramp the heatup from 160 °C to 180 °C in 10 min;

d) hold the temperature at 180 °C for 10 min;

e) ramp the heat up from 180 °C to 200 °C in 35 min;

f) hold the temperature at 200 °C for 30 min;

g) cool down to 50 °C, before removing the vessels from the microwave.

NOTE This alternative digestion program was not included in the validation studies. It is up to the user to

show equivalency when used.
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8.2.5 Preparation of measurement solutions

Cool the vessels to room temperature before opening following any manufacturer’s provisions.

Quantitatively transfer the digestion solution to a vessel and dilute to 20 ml with water (5.1). Further
dilute the solution 1 + 9 with water (5.1). If internal standards are not added on line via a Y-fitting to the
sample during measurement, add the volume of internal standard solutions (see 7.4.2 and 7.4.3) during

the dilution

NOTE

step to get consistent IS concentration with the calibration solutions.

A different intermediate dilution volume can be used when the digest solution is quantitatively

transferred from the digestion vessel as long as the final dilution remains unchanged. For example, transfer the

digestion solt

1tion and dilute to 50 ml with water (5.1) then further dilute this solution 1 + 3 with water (5.1

).

Further dily
bring analy

concentratipn in the diluted measurement solution matches that in the calibration solutions.

Remove any

8.3 Indug

8.3.1 ICPq

Adjust the
appropriate
settings.

The instrun
(e.g. oxide r:

For this pu
charged ion
manufactur

If using col
gas(es).

Follow the 1

low, medium, and high mass. Check that the measured mass is at the centre of the resolution wind

Measure at ]

Commercially available,mass spectrometers frequently use various detectors or detector oper

modes (e.g.
instrument
continuous

tion of the samples can be performed if required using the diluting solution (s€e 7.
te concentration to within the linear calibration range. Ensure that internal\stan

residue by decanting or filtering the final solution by a membrane filter (6:3).
'tively coupled plasma mass spectrometry

MS operating conditions

instrument according to the manufacturer’s instructiens and ignite the plasma.
heat-up and stabilisation of the device (approximately 20 min to 30 min), optimis

lent settings shall be selected such that both high' sensitivity and low level of interferg
itio, doubly charged ions) are reached.

'pose, measure an ICP-MS tune solution (5.6). The formation rate of oxides and d
s should be, for example, <3 %, deperniding on the recommendations of the instru
or.

ision or reaction cells to reduce polyatomic interferences, optimize the flow of th¢
ecommendations of the-JJCP-MS manufacturer for adjusting the resolution windows

east one internal’standard for each mass where resolution is checked.

pulse and analog mode) to cover a larger linear range of concentration. In such casej
shall.enSure that the sensitivity transition among detectors and/or operating mod
hind‘consistent.

3) to
dard

After
b the

nces

ubly
ment

e cell

for a
DHW.

ating
, the
es is

8.3.2 Quantification of the analytes by ICP-MS

Once optimization of the instrument is finished, start measurements. Table 3 gives recommended

isotope mas

ses for the elements to be analysed.
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Table 3 — Recommended isotopes masses

Meas
curv
instn

Element Mass frlesgltl?elr)niy Potential interferences?
Amu %
52 83,8 35CI16Q1H*, 40Ar12C+, 36Arl6Q+
Cr 53 9,5 37C1160+, 38Ar15N*, 38Arl4N1H*
Co 59 100 43Cal60+, 423(6:21:2211\;;:' 24Mg35Cl+,
60 26,2 44Ca160+, 23Na37Cl+, 48Til2C+
o 62 3,6 46T{16Q+, 23Na39K*
As 75 100 40Ar35CI*, 59C0l60%
Rh (IS) 103 100 40Ar63Cay
111 12,8 94Zr1601H)5Mol60+
Cd 114b 28,7 114Sn+, 98M0160+, 967180+
In (IS) 115 95,7 99Rul60*
121 57,4 105pq16Q+
Sb 123 47,6 947r1602, 107 g160+
Lu (IS) 175 97,4 159Thl60+*
Ir (IS) 193 62,7 177Hf160+
206 24,1 190ptl6Q+
Pb 207 2251 191ptl6Q+
208 52,4 192ptl6Q+
a Inter-element interference from isobars, doubly charged ions and polyatomic ions.
b 114Sn may interfere with 114Cd. When Sn®is an ingredient in the cosmetic finished product, do npt use
thell4Cd isotope.

ure the calibration blank solution’ (see 7.6) and calibration solutions (see 7.7). Create :
b for each isotope of the analytes. Each curve is the concentration of the analyte as a fu
ument response (in counts/second). The instrument response corresponds to the ang

counting rate normalised by\the selected internal standard isotope counting rate.

Pum
resp

Stan

Blan
contg
new

b the sample solutiomfor measurement. For each analyte isotope, convert the measured
bnse into concentration units from the calibration curve.

lard additierfprocedure can be also of interest in case of doubt in the results or for a d

K subtxaction is not recommended. In case of contaminations that have an influ
ents in the digestion solutions, the whole series should be generally discarded. Befor
digestion series, the source of contamination shall be identified, and its cause eliminat]

W calibration
nction of the
lyte isotope

instrument

puble check.

bnce on the
e starting a
ed.

8.4 Quality control of the analysis

8.4.1 General

Quality control of the analysis shall be ensured in every step of the standard by means of:

Blank solutions:

— digestion blank: a random digestion vessel containing all reagents [water/nitric acid/hydrochloric
acid (1/5/1 parts respectively)], but no sample

— analysis blank: same composition as the diluting solution [water/nitric acid/hydrochloric acid
(97/2,5/0,5 parts respectively)]
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(97/2,5/0,5 parts respectively)].

calibration blank: same composition as the diluting solution [water/nitric acid/hydrochloric acid

Calibration blank and analysis blank have the same composition but are two independent solutions.

Quality controls:

quality control sample: a sample with a known analyte content value, which will run through all

procedure steps, beginning with the digestion. To ensure a relevant assessment of the analytical
procedure including the digestion step, quality control sample should contain matrix components.
Physicochemical nature of the QC sample shall be as close as possible to that of actual sample. This

— analysij

Recovery al
criteria obt
intralaborat
determined

8.4.2 Dur

8.4.2.1 Gg

Each digesti|
to the same

Digestion bl
containers,

ic sample analysis, it is strongly advised to use a non-liquid (e.g. solid or pasty) QC sam

quality control: a mid-calibration standard or a reference material solution.

nd relative standard deviation (RSD) mentioned in the 8.4.2 and 8.4.3,'are accepf
hined by a single laboratory and enabling to assess the quality of the measurement.
ory variability shall be lower than the total error of the standard (40" %) that has
by the means of interlaboratory ring test and detailed in Annex A.

ing digestion
tneral case

preparation steps and digestion as the cosmeticproduct samples.

anks are used to assess contamination from;other sources than the cosmetic samplé
hcids, water, filters, etc.).

Quality control sample is used to evaluate the ‘whole analytical procedure for effectiveneg

comparing {
determined
designed by
commonly y
the recovery

If the value

recalibn
calibrat]

spike tH
procedy
evaporg

value are defined by the operatorl3], according to their experience and can be no

the operating laboratorieswthanks to control chartsllZ]l. Recovery acceptance crit
sed for a QC in a single laporatory is £20 %. For information, in the case of spiked san
y acceptability has been(setby USP to 70 % to 150 %11,

s not in the pre-defined range, the following actions shall be investigated:

ion to assess.analytical part of the process;

e samplewith a known amount of analyte to allow a control of the analytical part g
re (quantification by ICP-MS) and check for any loss of analyte (e.g. precipitation, sory
tienyetc.) during the process;

iquid
ple;

ance
This
been

on batch should include the digestion blank(s) and guality control sample(s) that are supject

p (i.e.

s by

he determined value with the refeténce value. Acceptance criteria of quality control sample

tably
brion
ples,

ate the instrument and reanalyse the sample solutions measured since the last accepfable

f the
tion,

control

of the quality of the vessels and parameters of the microwave digestion;

(another batch of the same QC sample or another type of QC sample).

then investigate on the digestion part of the process by performing a new digestion of the samples;

finally, a control of the quality of the QC sample can be performed by using another QC sample

If significant deviations from the target value are observed for antimony, it is highly recommended to
test for surface adsorption as described in 8.2.3.

Prepare duplicate digests of the cosmetic product, ideally, in two different batches, to evaluate the
sample homogeneity and precision. If the relative standard deviation (RSD) between the 2 duplicates is

above 20 %,

10

repeat the digestion and analysis.
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8.4.2.2 Suggested confirmatory test to check adsorption of antimony on vessels

If antimony recovery or relative standard deviation between digestion replicates does not meet QC lab
requirements, an adsorption test can be performed. The highest concentration of HCl is empirically
known to help stabilizing antimony in solution and avoiding adsorption of antimony on the surface of
digestion vessel.

For that purpose, it is recommended to check adsorption on vessel walls by digesting one portion of
an antimony-containing standard or sample using 1 ml hydrochloric acid (5.3) as described in 8.2.2,
and another portion using 2 ml hydrochloric acid. If significant deviations are observed, assume the
digestion vessels are damaged and should no longer be used for determination of antimony. In that

case,)

This
acid.

Pay 4
pres

8.4.3
Duri

Inten
samyj

Anal
They
analy
shall
soluf]

By 4
cont
of th
or ch

A qu
resp

recoy
solut

8.4.4

Ane

1 w1 1. il 1 L N | 1
ITPIdLT LT UIgTSULIUIT VESSTIS WILID Ul dITU TITW ULICS.

document does not allow antimony values to be reported using the higher quantity, of hydrochloric

pecial attention when performing digestion with extra hydrochloric acid asit'can incre
bure resulting in higher safety risks in operation.

During analysis
hg the analysis, further QC samples shall be added to ensure/hat quantification is relig

nal standard shall be added in all the solutions (blanks, calibration standards,
les) at the same concentration in order to compensateor a potential plasma drift.

ysis blanks may be regularly analysed (i.e. every @0 samples) to verify that no carry

can also be added after the highest calibration‘standard or after a sample suspecteq
te content. The element contents in the blank-Solutions (digestion, calibration and ana
be low enough. If that is not the case, identify the causes for the element contents
ions and if required, repeat the digestiomstep.

nalysing samples in duplicates, . ©One after the other, ICP-MS rinsing procedure

ase internal

ble.

samples, QC
Lover exists.
| to get high

ysis blanks)
n the blank

and cross

nmination effect can be evaluated too. If such kind of contamination is detected, rinsinjg procedure

e instrument shall be modified until elimination of the contamination (increase of the
ange the rinsing solutions).

hlity control sample shall‘be regularly run (i.e. every 10 samples) to check instrument
bnse. Recovery acceptance criterion commonly used for a QC in a single laboratory

rinsing time

consistency
is +20 %. If

rery of the analyte-is not within this range, recalibrate the instrument and reanalyse sample

ions measured sirce the last acceptable calibration check.

Example of ICP-MS sequence

kamplée-of an ICP-MS sequence taking into account all the suggested QC samples is rep

orted in the

Tablg

4.

© ISO

Table 4 — Example of ICP-MS sequence

Analysis blank Analyte background level
Analysis blank Analyte background level
Calibration blank

Calibration solution 1 - 0,5 pg/1

Calibration solution 2 - 1 pug/1 ) )
Calibration curve

Calibration solution 3 - 2 pg/1

Calibration solution 4 - 5 pg/1

X IN [N | D |WIN|-

Calibration solution 5 - 10 pg/1

2021 - All rights reserved
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Table 4 (continued)
9 |Analysis blank Analyte background level
10 |Quality control of the analysis Analysis control sample
5 pg/l
11 |Analysis blank Analyte background level
12 |Digestion blank replicate 1 ) i
- - - Digestion blank
13 |Digestion blank replicate 2
14 |[Analysis blank Analyte background level

15 [QC sample replicate 1

- PTOCedure controt sample
16 |QC sample replicate 2

17 [Analysis blank Analyte background level

18 |Cosmetic sample 1 replicate 1

- - Cosmetic sample 1
19 |[Cosmetic sample 1 replicate 2

20 [Analysis blank Analyte background level

21 |Cosmetic sample 2 replicate 1

- - Cosmetic sample 2
22 |Cosmetic sample 2 replicate 2

23 |Analysis blank Analyte background level

24 |Cosmetic sample 3 replicate 1

- - Cosmetic Sample 3
25 |Cosmetic sample 3 replicate 2

26 |Analysis blank Analyte-background level

27 |Quality control of the analysis
5pg/l
28 |Analysis blank Analyte background level

Analysis control sample

9 (Calculation

Calculate thee analyte concentration of the element in the cosmetic sample, C, in mg/kg, as shown in

Formula (1)

_E.V.F)
CC_( D00 - m) )

a isthe analyte concentration in the sample measurement solution, in pug /1;

V'  is the volume of the filled-up diluted digestion solution, in ml;

F istlhedilution factor of the sample measurement solution;

m is the weight of the cosmetic sample, in g.

The dilution factor, F, shall take into consideration all the dilution steps from filled up digestion solution
to measurement solution.

10 Method performance

Method performance has been determined by the mean of the accuracy profile methodology (as
described in ISO/TS 22176) that enables to evaluate the global precision and the validated range for
each element considered. Taking into account all the results obtained during the method validation
interlaboratory tests, on cosmetic matrix containing a certified reference material as the only source of

12 © IS0 2021 - All rights reserved
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heavy metals, the acceptance limit has been set to £40 % for all the elements. All the accuracy profiles
are presented in Annex A. As a consequence, the validated ranges are as follows:

chromium: from 8,6 mg/kg to 51 mg/kg;
cobalt: from 0,4 mg/kg to 22,3 mg/kg;
nickel: from 1,8 mg/kg to 28,3 mg/kg;
arsenic: from 0,9 mg/kg to 25,1 mg/kg;
cadmium: from 0,5 mg/kg to 23 mg/kg;

gntimony: from 0,5 mg/kg to 10 mg/kg;
lead: from 1,3 mg/kg to 27,1 mg/kg.

Another interlaboratory test has been performed in 2015 for the elements niekel, arsenic, cadmium,
antirpony and lead and was evaluated according to ISO 5725-2[l. In total seven samples (e.g. lipstick,
body] lotion, toothpaste and eyeshadow) spiked with varying content of the element sperified above

wereg analysed.

The

The

11
The

information:

a)

b)
‘)
d)
e)
f)
g)
h)

interlaboratory test has been performed in the following workihg ranges:
nickel in a range from 1,30 mg/kg to 30,45 mg/kg;

grsenic in a range from 0,47 mg/kg to 8,55 mg/kg;

¢admium in a range from 0,11 mg/kg to 4,12 mg/kg;

gdntimony in a range from 0,45 mg/kg to 13,77, mg/kg;

lead in a range from 0,56 mg/kg to 17,36 mg/kg.

statistical characteristics of the secand interlaboratory test are provided in Annex B.

L

[est report
test report should contain the data according to ISO/IEC 17025[2] and at least the following
31l information-necessary for the identification of the sample (kind of sample, origih of sample,
dlesignation);

g reference)to this document, i.e. ISO 21392:2021;

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

tthadate of rocoi
tregaateoiece

the date of test;
the test results and the units in which they have been expressed;
any particular points observed in the course of the test;

any operations not specified in the method or regarded as optional, which can have affected the
results.

© IS0 2021 - All rights reserved 13
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Annex A
(informative)

Performance of the method determined by the accuracy profile
methodology

To assess pe
by several
contents of ]

A lipstick base without any source of heavy metals has first been prepared and controlléd by yising
this documént. Then precise amount of solid certified reference material has been‘dispersed in the
lipstick bas¢ along with free from heavy metals colorants. Lipstick sample bulksere then cargfully
homogenized in order to ensure the proper distribution of the CRM. 6 lipstick bulks with diffgrent
amounts of|dispersed CRM (corresponding to 6 different levels per elemeritof interest) have |been
created and|their heavy metals content controlled. Every of the 6 lipstick bulks'has then been aliqyoted
in several cqntainers, every aliquot controlled prior to sending to 8 participating labs for analysis.

Results obtdined for each of the 7 elements (Cr, Co, Ni, As, Cd, Sb, Pb)@répresented in Figures A.1 to A.7
and allow the evaluation of the method performance by the mean of the accuracy profile methodglogy
(as describeld in ISO TS 22176).
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50

180 % ' ' '
147,1 %

160 % —
140 % —
120 % —
100 % —
Q0 04 —

60 %
40 %
20% —

0%
-20 %

-10,3%

-40 % —
-60 % —

-80 % -

X chromium concentration (mg/kg)
Y recovery (%)

—=a—— relative high tolerance limit
——e-— mean recovery
lower acceptance limit

—8+ relative low tolerance limit

upper acceptance limit

zero level

Figure A.1 — Accuragcy-profile for chromium validating the method in the range 8,6

51 mg/kg

mg/kg to
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50 % | | | | | |

40 % —

30% —

20% 14,8% 151%

-10P6

-20 Po

-30 o

40Py —--347 % -32,3%
-50 Po

Key

X cobalt concentration (mg/kg)

Y recpvery (%)

—=—  relgtive high tolerance limit
—o6— mejn recovery

________ lower acceptance limit
—8— reldtive low tolerance limit
____  upper acceptance limit

zerp level

L=

Figure A.2 — Accuracy profile for cobalt validating the method in the range 0,4 mg/kg t
22,3 mg/kg
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180 % —
160 % —
140 % —
120 % —
100 % —
ol % —
55,0 % 55,5 %
Y 60 % —
40 % —
20% —
19,8

0% =
-20 % —
-40 % —

172,8 %

-60 % —h -62,9 %

-80 %
Key
X nickel concentration (mg/kg)
Y recovery (%)
—=—— relative high tolerance limit
—e-— mean recovery

_____ | lower acceptance limit
—a3— relative low tolerance limit
___|_ upper acceptance limit

________ . zero level

Figure A.3 — Accuraey profile for nickel validating the method in the range 1,8 mg/kg to
28,3 mg/kg
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Figure A
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20 ¢ 16,0 %

8,6 %
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14,3 % 19% 2,2 %
-20 % — 8

%

-40% —T
-60 % —
-80 % —

-90,1%

-100 %
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re

O
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reldtive high tolerance limit
megan recovery
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relgtive low tolerance limit
upper acceptance limit

zerp level

25,1 mg/kg

.4 — Accuracy prefile for arsenic validating the method in the range 0,9 mg/kg to
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34,5 %

o 7,6 %

25,0 % 15,2 %

16,0 % 16,5 %

Y 0%
-10 %
-20 %
-30 %

-40 %

1,4 %

-50 %
Key

X cadmium concentration (mg/kg)

Y recovery (%)

mean recovery

zero level

relative high tolerance limit

lower acceptance limit
relative low tolerance limit

upper acceptance limit

Figure A.5 — Accuracy-profile for cadmium validating the method in the range 0,5 mg/kg to
23 mg/kg
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X
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80 % ] ] ] ] ] ] ]
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40 %
19,9 % 18,8 %
20 % — »
Y 0% — O R ~\ S\ i
69% -94 %
-20 % —-26,1% - a
-33,39 -33,8 % —
33,3 % ° -37,6 %
-40 %
-0 % —
-40 %
Key
X antjmony concentration (mg/kg)
Y recpvery (%)
—a=— reldtive high tolerance limit
—6— mefn recovery
________ lower acceptance limit
—a— reldtive low tolerance limit
—___ upper acceptance limit
___________ zerp level
Figure A.p — Accuracy profilefor antimony validating the method in the range 0,5 mg/kg to
10 mg/kg
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40 %

20 %
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20% — |
’ /185 %
%
-40 % -
-60 %
-80 %
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X lead concentration (mg/kg)
Y recovery (%)
—=—— relative high tolerance limit
—e-— mean recovery
_____ | lower acceptance limit
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_—__l— upper acceptance limit
________ zero level
Figure A.7 — Accuracy-profile for lead validating the method in the range 1,3 mg/kg o 27,1 mg/
kg
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(informative)

Evaluation of the method via ISO 5725 statistical approach

NOTE As the interlaboratory tests were performed prior to the development of this document:

— some elgmrentssuciras Chromunrand cobattare ot inctuded i the fmtertaboratory test;

— some ex]sting results on elements (such as baryum) or non-cosmetic matrices (such as tattoo colorantf) are
presentgd because they can be of interest for the user.

The procedyire has been verified in 2015 by means of interlaboratory tests accordingto’ ISO 5725-2[1]
for the elements nickel, arsenic, cadmium, antimony and lead. In total, seven samples (lipstick, tattoo
colorant, bofly lotion, tooth paste, eyeshadow and water make-up) with varying centents of the elements
specified aljove were analysed. Two of these seven samples were obtained”from the same sglinple
material (bgdy lotion) and thus constitute blind duplicate samples. For eachksample, the determination
of the respgctive analyte content was carried out on the same day in duplicate, under repeatability
conditions. The analysis had been done within 3 days to 7 days after digestion of the respective sample.
The statisti¢al analyses were performed using the statistical approachés according to ISO 5725-2| The
two body lqtion samples 3 and 6 were also evaluated using thelstatistical approaches accordihg to
1SO 5725-3[4] for a nested interlaboratory test design.

The statistical evaluation according to ISO 5725-2 is based on the data after outlier elimingtion.
In addition fo the overall mean value, the results of this‘evaluation are the reproducibility standard
deviation spfand the repeatability standard deviation sy:

The reprodpcibility standard deviation sy characterizes the total variability of the measurement
values, taking into account the variability between different laboratories. The repeatability standard
deviation s [describes the variability withid one laboratory and under constant measuring condifions
(repeatability conditions).

From the r¢producibility and repeatability standard deviation, the reproducibility limit, R, and the
repeatability limit, r, are calculated” The reproducibility limit, R, describes the maximum expé¢cted
deviation bg¢tween two measured/values from different laboratories for the same sample. For larger
deviations, |t can be assumed-that either different samples were used, or an error occurred during
the measur¢ment. The repeatability limit, r, describes the maximum expected deviation betweer} two
measured values under‘sepeatability conditions, which were thus realized in the same laboratory
shortly aftef each othery

The Horwitf function is often used to calculate the theoretically expected reproducibility standard
deviation. Tpgether with the resulting Horwitz ratio (HORRAT) value they are often used as a general
criterion forthe pFFlr‘lnnr‘v of a method as a function of the measured concentration ”nrp a HORRAT
value significantly larger (or smaller) than 1 means that the reproducibility standard dev1at10n achieved
in the ring trial is significantly greater (or smaller) than the expected theoretical standard deviation
(Horwitz standard deviation). In interlaboratory tests, HORRAT values up to 2 are generally considered
inconspicuous.

The combined evaluation of the body lotion samples 3 and 6 is carried out according to ISO 5725-3.
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.

The quantification of antimony and cadmium in sample 7 (water make-up) was only possible for a
minority of laboratories. For this reason, it was necessary to restrict the method’s working range. As
for the remaining sample-element combinations - except for the determination of antimony in sample

22 © IS0 2021 - All rights reserved
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5 (eyeshadow) - 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 (except for antimony in sample 5). Based on the results of the homogeneity tests it is likely that
homogeneity problems are responsible for the reproducibility standard deviations exceeding 30 % and
the HORRAT above 2 for antimony in sample 5.

A comparison of the two blind duplicates of the body lotion samples shows that the obtained
reproducibility standard deviations for antimony, arsenic, cadmium and nickel represent the actual
standard deviations under repeatability conditions.

The interlaboratory test has been performed in the following working ranges:

— tickelina range from 1,30 mg/kg to 30,45 mg/kg;

— arsenic in a range from 0,47 mg/kg to 8,55 mg/kg;

— ¢admium in a range from 0,11 mg/kg to 4,12 mg/kg;
gdntimony in a range from 0,45 mg/kg to 13,77 mg/kg;

— lead in arange from 0,56 mg/kg to 17,36 mg/kg.

in the following cosmetic matrices:

Lipstick - Eyeshadow - Water make-up - Body lotion - Toothpaste

On the basis of all the data obtained, the procedure showsithat it fits for purpose in variqus cosmetic
matrjices and for a range of concentration of interest.

The gtatistical characteristics of the interlaboratory:tests are listed in Tables B.1 to B.6.
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