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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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sible for establishing international methods for the sampling and testing of leather.
IULTCS as an international standardizing body for the preparation of test methods

hent was prepared by the Chemical Test Commission of the International Union of Leat
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for Standardization (CEN) Technical Committee CEN/TC 289, Leather, in accordance V
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are
the
the

t of
s of
| /or

not

And
to
see

5 to

e advancement of leather science and technology. IULTCS has three Commissions, which
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roduction, Scope and Clauses 3 to 10 have been editorially and technically modified;

dure”;

“Precision”, as 9.4;

has been inserted and the subsequent annexes relettered accordingly;

and “PFAS non-regulated substances”, respectively;

the previous Clause 7 has been split into two separate clauses, Clause 7, “Sampling”, and Clause 8,

the previous Clause 8 is now Clause 9, “Expression of results” and includes the previous Clause 9,

anew Annex A, listing the category of application of the per- and polyfluoroalkyl substances (PFAS),

Annexes B and C have been technically modified and are now lists of “PFAS regulated substances”
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— anew Annex D, listing the usable ions and possible quantification limits for PFAS analysis by LC-MS/
MS, has been inserted and the subsequent annexes relettered accordingly;

— Annex E has been technically modified.
Alist of all parts in the ISO 23702 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The per- and polyfluoroalkyl substances (PFAS) consists of a large group of surface active compounds.
The most well-known are perfluorooctanoic sulfonic acid (PFOS) and perfluorooctanooic acid (PFOA).
Table A.1 presents PFAS substance categories and applications.

Perfluorooctanoic sulfonic acid (PFOS) is classified as persistent, bio-accumulative and toxic (PBT).
PFOS and its salts are restricted and regulated in many countries regarding their marketing and use

(see References [4] and [7]).

Perfluoroof 3 3 s 3 3 3 3 TavIng 2
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Furthermdre, restrictions on perfluorocarboxylic acids containing 9 to 14 carbon atoms in the chain
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Leather — Per- and polyfluoroalkyl substances —

Part 1:
Determination of non-volatile compounds by extraction
method using liquid chromatography
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RNING — The use of this document involves hazardous materials. It does ngo
hddress all of the safety or environmental problems associated with its usSe
ponsibility of users of this document to take appropriate measures to ensure the

tvant requirements for this purpose.

Scope

5 document specifies a test method for detection and quantification of extractable non-v|
polyfluoroalkyl substances (PFAS) in leather and coated l€ather by solvent extraction
bmatography coupled with mass spectrometry.

xes the evaluation of the PFAS with respect to the mass.

S substances categories and applications are listed in Annex A, Table A.1. Classes of PFA
pounds listed in Annex B, Table B.1, include-a¢ids, telomers, sulfonates and sulphonamig
ses of other non-regulated compounds that can be determined by this document ar
ex C, Table C.1.
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hols (FTOH) in a sample cannot bejcorrectly quantified if perfluoropolymers that release F
sesterification with the extraction solvent methanol are present in the sample.

E2 Some regulations (elg.)Reference [4]) also restrict perfluoropolymers having a linear
luoroheptyl group with theJmoiety (C,F;5)C as one of the structural elements that can degrade {
mers containing 2-pefflaorooctylethanol (8:2 FTOH, CAS Registry Number®?1) 678-39-7) bondze
etermine whether th€se perfluoropolymers are intentionally present, it could be necessary to i
line hydrolysis method to remove the 8:2 FTOH side-chain from the polymer. In addition, other F
H or 10:2 FTOHwill be released from relevant perfluoropolymers by alkaline hydrolysis.[3]
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pplies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 2418, Leather — Chemical, physical, mechanical and fastness tests — Position and preparation of
specimens for testing

ISO
ISO

3696, Water for analytical laboratory use — Specification and test methods

4044, Leather — Chemical tests — Preparation of chemical test samples

EN 15987, Leather — Terminology — Key definitions for the leather trade.

1

©IS

CAS Registry Number® (CAS RN®) is a trademark of CAS corporation. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in EN 15987 apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

4 Principle
The PFAS pubstances listed in Annexes B and C are extracted in an ultrasonic bath with methgnol
at 60 °C; the extract is analysed by high-performance liquid chromatograph with a tandem mass
spectromefric detector (LC-MS/MS).
5 Reagents

Unless oth¢rwise specified, all reagents shall be of a recognized analytical grade:
5.1 Watg¢r, grade 1 (according to ISO 3696) or LC-MS grade.

5.2 Methanol, CAS RN® 67-56-1, LC-MS grade.

5.3 Ammonium acetate, CAS RN® 631-61-8.

5.4 Stock solutions of reference compounds, purity,> 95 % for the pure substance.

Solutions ¢f the reference compounds listed in.Annex B and Annex C are available commerciglly.
They should be diluted to the required concentiations. If reference compounds are obtained pure| for
example, weigh 100 mg of each standard separately into a 100 ml volumetric flask and fill up to|the
mark with{methanol (5.2). Dilute this solution with methanol (5.2) at a ratio of 1:1 000 to prepafe a
1000 pg/lfstock solution.

5.5 Target compound solutions.

Prepare a 5 pg/l1 solution of@ach target compound by diluting the 1 000 pg/l reference compound
stock solutiions (5.4) withnrethanol (5.2)

For the preparation ef.the target compound solution, certified solutions are commercially availgble.
The purity[level and the solvent shall be checked in order to be in accordance with this document.

5.6 Internal'standard.

5.6.1 Internal standard solution I (2 000 ug/1) (used for extraction).

At least two suitable internal standards for perflurooctane sulfonate (PFOS) and perfluoroactanoic
acid (PFOA) shall be used. The impurity level of the internal standard should be determined prior to the
use of every new lot.

Suitable mass-labelled internal standards are:
— 13C,-PFOA (e.g. perfluoro[1,2,3,4-13C, ]-octanoic-acid, CAS RN® 960315-48-4);
— 13C,-PFOS (e.g. sodium perfluoro-1-[1,2,3,4-13C, ]-octanesulfonate, CAS RN® 960315-53-1).

2 © IS0 2023 - All rights reserved
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Prepare a 2 000 pg/l solution of the internal standard by diluting the commercial solution with
methanol (5.2).

5.6.

2

Internal standard solution II (100 pg/1) (used for preparation of calibration solutions).

Prepare a 100 pg/1 solution of the internal standard by diluting the commercial solution with methanol
(5.2).

5.7

Materiats-amdbiaids-shati bt Sy ——

Pre
the
con

Table 1ina 1000 pl flask.

Preparation of calibration solutions.

pare suitable calibration solutions using methanol (5.2), target compound solutions

Centration range to match the limits given. For example, prepare according to the volum

Table 1 — Example of calibration solutions

(5.5) and

internal standard solution II (5.6.2). At least five calibration solutions shall be prepared with a

es given in

Concentration (ng/1) 0,25 0,5 1 2/5 5 10
Vollime methanol (ul) 940 930 910 850 750 550
Vollime target compound solu- 10 20 40 100 200 400

tionp at 25 pg/1 (ul)

Vollime internal standard 50 50 50 50 50 50
solfition Il at 100 pg/1 (ul)

5.8 Eluent for the LC-MS/MS.

10 mM ammonium acetate solution is prepared by dissolving 0,771 g of ammonium acetgte (5.3) in
1 000 ml deionized water (5.1).

6 |Apparatus

Thg usual laboratory apparatus-and, in particular, the following shall be used.

Equipment or any accessiblepart of it that could come into contact with the sample or the ekxtract shall
be firee from interfering-compounds, see Annex F.

Use| equipment freeyfrom all types of fluoropolymer plastics, including polytetrafluoroeth¢ne (PTFE)
and glassware. Eor'example, use equipment made of polypropylene (PP) or polyethylene (PE]).

Sanpple containers shall be rinsed thoroughly with water (5.1) and methanol (5.2) and dhecked for
pospible background contamination before use.

6-1 Su;tablc dCV ;LC \A4 ;th A Sharp b}ade tU \,ut }Cathcl oauly}c.

6.2 Volumetric flasks, PP or PE, with inert stopper may be used.

6.3 Extraction vials, suitable PP or PE vials, volume at least 20 ml and able to be used in a centrifuge.
6.4 Laboratory centrifuge, suitable for the extraction vials (6.3).

6.5 Ultrasonic bath, equipped with adjustable bath temperature control, up to at least 60 °C.

6.6 Analytical balance, weighing up to 0,001 g.

© IS0 2023 - All rights reserved
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6.7 High-performance liquid chromatograph coupled with a tandem mass spectrometric
detector, (LC-MS/MS), free from all types of fluoropolymer plastics, including polytetrafluoroethene

(PTFE).

6.8 Membrane filter equipment and polyamide or polypropylene membrane filter, for example
0,22 pm pore size.

7 Sampling

The chosen

n in

accordancg
for leatherf
specimen S
the produc

In the casq
substrate s
from the lg

NOTE
Take a leat

Cut (6.1) th

8 Proce

Accurately
extraction

Add 10 ml
containing]
of (60 £ 5)
the residug
If necessar
taking the

This extra
given in Ar

Matrix intq
of matrix i

T

with ISO 2418. If cutting a test specimen in accordance with ISO 2418 is not possible

5 from finished products such as shoes or garments), details about the selection ofthe

hall be given in the report. When testing leather products that have separate distinct p3
t shall be taken apart and each part shall be analysed separately.

]n')f]nnr rnnrn cl‘\r\n]r] hn rnnrocnnfafnrn r\F fhn ]r\f 11' |c‘ falznn Frr\m an 3 focf CpDI“ImD

of coated leather, separate, if possible, the coating from the leather subsStrate. The leat
hall be analysed according to the procedure in this document. If sepatation of the coa

he coating can be analysed according to CEN/TS 15968.
her test piece by mass using 2 1 g of leather. The results shallébe reported in units of mg

e leather into small pieces according to the method specified in ISO 4044.

dure

weigh 1,0 g £ 0,1 g of the leather pieces witlrthe analytical balance (6.6) into an appropr
vial (6.3). Record the mass of the leather test sample, m.

methanol (5.2) and 50 pl of the intérnal standard solution I (5.6.1) to the extraction
the leather pieces. Extract the test-specimen in an ultrasonic bath (6.5) at a temperat

11 extract plus 0,5 ml of watér, in the HPLC-vial and seal with a cap for LC-MS/MS analy
y, the extracted solution camn be filtrated with a membrane filter (6.8) or centrifuged be
0,5 ml aliquot.

tis analysed by LE-MS/MS (6.7). Examples of suitable conditions for LC-MS/MS analysis
nex E.

rferences can be caused by contaminants that are co-extracted from the samples. The ex
terferences varies considerably depending on the nature of the samples, see Annex F.

methanol-

ater extract should remain for 24 h at room temperature.

e.g.
test
rts,

her
[ing

ather cannot be carried out, the entire article shall be analysed accofding to this procediire.

kg.

iate

vial
ure

°C for (120 £ 5) min. Let the solution cool down to room temperature and pipette 0,5 njl of

Sis.
fore

are

fent

the

For meaSIiFing PFAS No 29.2 HFPO-DA-X (Table B.1), a hydrolysation step is necessary. Thus,

If the extract is turbid, centrifuge and decant the supernatant or filter it (6.8) to a new vial (6.3) for
LC-MS/MS analysis. The recovery rate of check standards in the extract should be = 60 % and the
check standards can be used in the calculation. If < 60 % then a dilution and/or a standard addition is
recommended to overcome matrix effects, with regard to ion suppression.

If dilution or repetition is needed, the methanol extract should be separated from the test specimen,
otherwise inconsistent results can occur, especially for the FTOH substances.

If a concentration step is necessary, the recovery rate shall be checked to be = 60 %. Removal of the
solvent (e.g. by concentration in the rotary vacuum evaporator and evaporation to dryness) can lead to
substantial losses of FTOH.
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9 Expression of results

9.1 Calibration

For each of the target PFAS substances, set up individually the linear regression function by using the
ratios (4,/4;,) and (C,/C;;) with the help of Formula (1):

A _gfLe
~S=a [c. ]+b (1)

1S 1s

whére

. Isthe peakarea for the corresponding target PFAS compound;
is the peak area for the internal standard chosen;

. Is the concentration of the target PFAS in the calibration standard if’nticrograms pdfr litre;
Cis isthe concentration of internal standard in the calibration standard in micrograms pper litre;
b isthe ordinate intercept of the calibration curve of the spe€ific PFAS;

a isthe slope of the calibration curve of the specific PFAS)

9.2 Calculation of the result
The result shall be given in pg/kg.

The content of each PFAS substance is calculated as mass portion, w, in micrograms per kilggram (pg/
kg)lof the leather sample according to Formula:(2):

AS
(A- -b ]Cis_sample
V is_sample
m a
whére
A, is the peak area of the corresponding PFAS in the extraction solution;
Ajs sample 15the peak area of the corresponding internal standard in the extraction solytion;
Cis_sampfe,)Is the concentration of the corresponding internal standard in the extraction|solution in
micrograms per litre;
b is the ordinate intercept of the calibration curve of the specific PFAS determipate in 9.1;
a is the slope of the calibration curve of the specific PFAS determinate in 9.1;
% is the volume used according to Clause 8 in litres;
m is the mass of the leather test sample according to Clause 8 in grams.

9.3 Calculation of the results of a sum

In certain cases, a final requested result can be expressed as a sum of different PFAS substances.

All the PFAS included in the sum shall be clearly identified.

© IS0 2023 - All rights reserved 5
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The results of the relevant identified PFAS (9.2) are added to give the result of the sum. If the result for a
single PFAS is lower than the limit of quantification of the test method (9.4), this result is considered as
zero and is not included in the sum.

9.4 Precision

With this method it is feasible to achieve limits of quantification (LoQ) of 2,5 ug/kg for PFOA and PFOS,
see Annex D for the LoQs of other PFAS compounds.

The results of interlaboratory trials to determine the PFOS content in leather are presented in Annex G.

10 Test lleport

The report
a) identit
b) the me
c) arefer
d) inthe

it was
e) identif
f) whent
g) anyde
h) theda
6

shall contain at least the following information:

y of the sample and, if necessary, details of sampling (Clause 7);
thod used;

ence to this document, i.e. ISO 23702-1:2023;

Lested separately;

elevant, the results of the sum (9.3);

e of the test.

ication and quantification of individual PFAS componernts'(9.2) expressed in ug/kg;

viation from this procedure and all circumstances that could have influenced the result;

case of coated leather, whether it was possible to separate the coeating from the leather afd if
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Annex A

(informative)

ISO 23702-
IULTCS/IUC 39-

PFAS substance categories and applications

Table A.1 — PFAS substance categories and applications

1:2023(E)
1:2023(E)

Category

Sub-category

Applications

Footwear, leather or tex-
tile

Sources of a possible

nation?

contami-

Sulpstances related to spraying product and water repellency

K*, Li*, PFOS diethanola-

Surfactant for alkaline

emulsifier in floor polis
pressant for metal plati

Surfactant in fire-fightifg foam,

mist, sup-
g baths,

A mine (DEaIZ)asCail(ljtsganalysed cleaners surfactant for etching agids for
PFAS salts circuit boards and pestigide active
ingredient for ant bait tfaps
B Amines . Mist suppressant for mdtal plating
baths
- Emulsifier for fluoro-polymer
C Ammonium salts (ana- 2 production
lysed as acids) Mist suppressant for mgtal plating
baths
D Amphoterics Water or solvent repellence .

for leather or paper

Subpstances related to polymeric applicatien, barrier on the top layers of solid objects (durable water
treptment)
E Carboxylagés L Antistatic agent in photggraphic
PFAS sub- paper
F stances Amides — Pesticide active ingredi¢nt
G Oxazolidinones — Waterproofing casts (el¢ctronic)
Alcotiols, silanes, alkox- |Soil or water repellence for
ylates, fatty acid esters, |carpet, fabric or upholstery,
H \ —
adipates, urethanes, poly- |apparel, leather, metal or
PFAS poly- esters, acrylates glass
mers (likely .
oligamers) Water repellence for car- Soil, oil or water repellehce for
I Copolymers, phosphate |pets, fabric or upholstery, plates, food containers, pags,
esters apparel, leather, metal or wraps, folding cartons, ¢ontainers,
glass carbonless forms, mask|ng papers

a

These substances are not relevant in the manufacturing process of textile, leather and footwear. However, it is possible
to find them as a contaminant.

© IS0 2023 - All rights reserved
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Annex B
(informative)

PFAS regulated substances

btyl
iral

b) Anyre|ated substance (includingits salts and polymers) havingalinear or branchédperfluoroheptyl
group with the formula CgF;- - as one of the structural elements.

The followjng substances are excluded from this designation: CgF,,-X, wherezX-= F, Cl, Br; CgF,-C(=0)
OH, CgF{7-€(=0)0-X’ or CgF,-CF,-X" (where X’ = any group, including salts):

B.2 PFAP regulated substances

PFAS regulated substances to analyse using this document aredisted in Table B.1.

Table B.1 — PFAS regulated'substances

Regula- PFAS
No. Chemicals CASRN® LC | GC g categorly
tion
(Annex 4)
I. Perfluorinated carboxylic acids
1 PFHxA Perfluoro-n-hexanoic acid 307-24-4 X ¢ Aand (
2 PFOA Perfluoro-n-octanoic acid 335-67-1 X d Aand (
Perfluoro-n-octanoic salts?
Apro | Ammoniym 3825-26-1 C
pentadeeafluorooctanoate
2.2 NatPFO — Sodigmperfluorooctanoate 335-95-5 X d A
K-PFO — Potassium perfluorooctanoate 2395-00-8 A
AgiPFO — USilverperfluorooctanoate 335-93-3 A
F-PFO =/ Perfluorooctanoylfluorides 335-66-0 A
3 8:9 F7¢ a1£—Ii,le,2H,2H-Perfluorodecanesulfonlc 39108-34-4 X d A

NOTE This table states the situation of the regulated PFAS substances on 2022-03-22 and is not exhaustive.
The information will possibly need to be updated. The Commission Regulation (EU) 2021/1297[8] on Cqy-Cyy
perfluorocarboxylic acid substances is due to be enforced in February 2023.

. Theanalytical techniques identify the PFAS, but it is not possible to identify clearly the PFAS salt.
,  Regulation (EU) 1907/2006 (REACH), Annex XVII, Entry 68[3.

. Regulation (EU) 1907/2006 (REACH), Article 59, EU Candidate List of Substances of Very High Concern
(SVHC)Lel,

4 Stockholm Convention on Persistent Organic Pollutants (POP), Annex B, May 2009171,
Key
GC analysis with gas chromatography

LC analysis with liquid chromatography
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Table B.1 (continued)
N . ® Regula- PFAS
0. Chemicals CASRN LC | GC tion category
(Annex A)
4 Me-PFOA |Methyl perfluorooctanoate 376-27-2 X d H
5 Et-PFOA Ethyl perfluorooctanoate 3108-24-5 X d H
6 PFNA Perfluoro-n-nonanoic acid 375-95-1 X bandc -
7 PFDA Perfluoro-n-decanoic acid 335-76-2 X bandc -
8 PFUnA Perfluoroundecanoic acid 2058-94-8 X bandc -
9 PFDoA Perfluorododecanoic acid 307-55-1 X bandc -
10 PFTrA Perfluorotridecanoic acid 72629-94-8 X bandc -
11 PFTeA Perfluorotetradecanoic acid 376-06-7 X band ¢ -
12| | PF-3,7-DMOA |Perfluoro(3,7-dimethyloctanoic acid) 172155-07-6 | x bfand ¢ -
13 4HPFURA i?i,czglc,?dH,3H-Heptadecafluoroundeca- 34598-33-9 < d i
I1. Perfluorinated sulfonic acids
14 PFBS Perfluorobutanesulfonic acid 375-73-5 X ¢ A
15 PFHxS Perfluorohexanesulfonic acid 355-46-4 X ¢ H
16 PFOS Perfluoro octanesulfonic acid 17634231 X d H
Perfluorooctane sulfonic acid salts?
CgF17S0,X
— potassium perfluorooctane 2795-39-3 A
sulfonate
— lithium perfluorooctane sulfenate | 29457-72-5 A
16.7 PFOS-X — z;llrlr;;gggtigm perfluorooctane 29081-56-9 X d A
— bis-2-(hydroxyethyl) A
ammonium 70225-14-8
perfluorooctane sulfonate
Et}alter;fz:c}llgé:frlrlllrgl?;lcigtrgne sulfonate | 20773-42-3 A
I1I.[Perfluoro-octanesulfonamides (FOSA)
17 PFOSA Perfluprooctane sulfonamide 754-91-6 X d
18|| N-MeFOSA [N:=Methylperfluoro-1-octanesulfonamide| 31506-32-8 X d
19 N-EtFOSA{/4N-Ethylperfluoro-1-octanesulfonamide | 4151-50-2 X d
IV. Perfluoro-ectanesulfonamido ethanol (FOSE)
20l NMOFOSE rZn-i((;\le-(r)r)l_eet‘zlﬁgE(g{lfu0ro-1-octanesulfona- 24448-09-7 < d H
NOTEZ) This table states the situation of the regulated PFAS substances on 2022-03-22 and is not|exhaustive.
The information will possibly need to be updated. The Commission Regulation (EU) 2021/1297!8] on C4-Cyy

perfluorocarboxylic acid substances is due to be enforced in February 2023.
The analytical techniques identify the PFAS, but it is not possible to identify clearly the PFAS salt.

a

,  Regulation (EU) 1907/2006 (REACH), Annex XVII, Entry 68[31.

C
(SVHC)ls].
4 Stockholm Convention on Persistent Organic Pollutants (POP), Annex B, May 2009(7].

Key
GC analysis with gas chromatography
LC analysis with liquid chromatography

Regulation (EU) 1907/2006 (REACH), Article 59, EU Candidate List of Substances of Very High Concern
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Table B.1 (continued)

Regula- PFAS
No. Chemicals CASRN® LC | GC g category
tion
(Annex A)
21 N-EtFOSE 2-_(N-Ethylperfluoro-1-octanesulfona- 1691-99-2 . d H
mido)-ethanol
V. Fluorinated telomer alcohols (FTOH)
22 8:2FTOH |2-Perfluorooctylethanol 678-39-7 X d H
23 10:2 FTOH |2-Perfluorodecylethanol 865-86-1 X b H
VI. Fluorinpted telomer acrylate (FTA)
24 8:2lFTA 1H,1H,2H,2H-Perfluorodecyl acrylate 27905-45-9 X d H
25 10:2 FTA 1H,1H,2H,2H-Perfluorododectyl 17741-60-5 . b H
acrylate
VII. Others|
26 PHOSF Ir-li((ei;;tadecafluorooctanesulfonyl fluo- 307-35-7 < 3 )
27 8:2 FTMA 1H,1H,2H,2H-heptadecafluorodecyl- 1996-88-9 N d )
methacrylate
1-decanaminium, N-decyl-N, N dime-
thyl- d
28 011,2,2,3,3,4,4,5,5,6,6,77,8,88hepta- | 201099168 45X A
decafluoro-1-octanesulfonate
29 HPHo-DA 2,3,3,3-tetr.afll_loro_-Z-(heptafluoropro- 13252136 < c Aandd
poxy) propionic acid
2,3,3,3-tetrafluoro-2-(heptafluoropro-
poxy) propionic acid
salts and acyl halides
- - C
29.2| HPF(Q-DA-X X =F 21062-98-8 X A and (
X =NH4 62037-80-3
X=K 67118-55-2
NOTE This table states the situation of.the regulated PFAS substances on 2022-03-22 and is not exhausfive.
The information will possibly need to(bg' updated. The Commission Regulation (EU) 2021/1297[8] on Cg¢1Cy4
perfluorocqrboxylic acid substances i due to be enforced in February 2023.
. Theanglytical techniques identify the PFAS, but it is not possible to identify clearly the PFAS salt.
,  Regulation (EU) 1907/2006REACH), Annex XVII, Entry 68[3].
. Regulafion (EU) 1907/2006 (REACH), Article 59, EU Candidate List of Substances of Very High Condern
(SVHC)lel,
4 Stockhdlm Conyention on Persistent Organic Pollutants (POP), Annex B, May 2009171,
Key
GC analysi$ with gas chromatography

LC analysis with liquid chromatography

10
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PFAS non-regulated substances
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PFAS non-regulated substances analysable according to this document are listed in Table C.1.

Table C.1 — PFAS non-regulated substances (March 2022)

LC

analysis withiliquid chromatography

No Chemicals CASRN® | LC |6C PF&&;’W
I. Perfluorinated carboxylic acids
1 PFBA Perfluorobutanoic acid 375-22-4 A andC
2 PFPeA Perfluoropentanoic acid 2706-903 —
3 PFHpA Perfluoro-n-heptanoic acid 375-85-9 X —
II. Perfluorinated sulfonic acids
4 PFDS Perfluorodecane sulfonic acid 335-77-3 X —
5 PFHpS Perfluoroheptane sulfonic acid 375-92-8 X H
IIL.[Fluorinated telomer alcohols (FTOH)
6 4:2FTOH |2-Perfluorobutylethanol 2043-47-2 H
7 6:2 FTOH |2-Perfluorohexylethanol 647-42-7 X H
IV. Fluorinated telomer acrylate (FTA)
8 6:2 FTA 1H,1H,2H,2H-Perfluorooctyl acrylate 17527-29-6 | | X | H
V. Qthers
9 4:2 FTS 1H,1H,2H,2H-Perfluorohexanesulfonic acid 757124-72-4 X A
10 6:2 FTS 1H,1H,2H,2H-Perfluorooctane sulfonic acid 27619-97-2 A
11 10:2 FTS 1H,1H,2H,2H=Perfluorododecanesulfonicacid| 120226-60-0 A
12 6:2 FTMA |1H,1H,2H,2H-Perfluorooctylmethacrylate 2144-53-8 X —
13 7HPFHpA |7H-Dédecafluoroheptanoic acid 1546-95-8 X H
Key
GC |analysis with gaS.chromatography

© IS0 2023 - All rights reserved
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Annex D
(informative)

Usable ions and possible quantification limits for PFAS analysis by

LC-MS/MS
The usabl¢ ions and examples of possible quantification Iimits (LoQ) of the method are giveh in
Table D.1.
Table D.1 — Usable ions and possible quantification limits for PFAS analysis by LC-MS/MS
Substance CAS RN® Preic;‘nrser fqu‘l’:;‘tci;ii:r‘; uléo%g
PFBA Perfluorobutanoic acid 375-22-4 213 169 1
PFPeA |[|Perfluoropentanoic acid 2706-90-3 263 219 1
PFHxA [|Perfluoro-n-hexanoic acid 307-24-4 313 269/119 1
PFHpA |[|Perfluoro-n-heptanoic acid 375-85-9 363 319/169/255 1
PFOA Perfluoro-n-octanoic acid 335-67-1 413 369/169 1
Perfluoro-n-octanoic acid salts
APEO ggrtr:()ir:cua?luorooctanoate 3825-26-]
Na-PFO ||— Sodium perfluorooctanoate 335-95-5 (via PFOA) 1
K-PFO ||— Potassium perfluorooctanoate 2395+00-8
Ag-PFO [|— Silver perfluorooctanoate 835-93-3
F-PFO |[|— Perfluorooctanoyl fluoride 335-60-0
PFNA [|Perfluoro-n-nonanoic acid 375-95-1 463 419/219/169 1
PFDA |[|Perfluoro-n-decanoic acid 335-76-2 513 469/219/269 2,b
PFUnA |(|Perfluoroundecanoic acid 2058-94-8 563 169 / 519/269/219 2,b
PFDoA |[|Perfluorododecanoicacid 307-55-1 613 169 / 569/219/369/319| 2,p
PFTrA ||Perfluorotridecanoic’acid 72629-94-8 663 619/219/126699§369/319 2,p
PFTeA [|Perfluorotetradécanoic acid 376-06-7 713 169 / 669/269/469 2,b
PFBS Perfluorobutanesulfonic acid 375-73-5 299 80/99 1
PFHxS ||Perfluorohexanesulfonic acid 355-46-4 399 80/99/169 1
PFHpS ||PRérfluoroheptane sulfonic acid 375-92-8 449 80/99 1
PFOS Perfluorooctane sulfonic acid 1763-23-1 499 80/99 1

12 © IS0 2023 - All rights reserved
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Table D.1 (continued)
Substance CAS RN® Pre_curser Produc_t_lon LoQ
ion (quantifier) ug /kg
Perfluorooctane sulfonic acid salts
— potassium perfluorooctane 2795.39-3 1
sulfonate
— lithium perfluorooctane 29457-72-5 1
sulfonate
FUS=A—T— ammonium perfluorooctane 29081-56-9 (VITTTUS] 1
sulfonate
— bis2(hydroxyethyl)
ammonium 70225-14-8 1
perfluorooctane sulfonate
— tetraethyl ammonium
heptadecafluorooctane sulfonate 56773-42-3 1
HFOSA |Perfluorooctane sulfonamide 754-91-6 498 78 / 478/169/64
N-MeFOSA |N-Methylperfluoro-1-octanesulfonamide| 31506-32-8 512 169/219
N-EtFOSA |N-Ethylperfluoro-1-octanesulfonamide| 4151-50-2 526 169/219/419
N-MerosE | & (N-methylperlfuoro-T-octanesulfon-| » 4 5 097 | )16 59/60/526 1
amideo)-ethanol
4:2 FTOH |2-Perfluorobutylethanol 2043-47-2 323 59 200
6:2 FTOH |2-Perfluorohexylethanol 647-42-7 423 59 200
8:2 FTOH |2-Perfluorooctylethanol 678-39-7 523 59 200
1092 FTOH |2-Perfluorodecylethanol 865-86-1 623 59 200
N-EtFOSE 2-_(N-Ethylperf1uoro-1-0ctanesulfona- 1691-99-2 630 59/58/572 1
mido)-ethanol
RFOSF  |Heptadecafluorooctanesulfonylfluoride| 307-35-7 499 (via PFOS) Pg](i)%)
k2 FTs ;i-li,le,ZH,ZH-Perfluorooctane sulfonic 27619-97-2 | 427 / 463 407 / 81/80 1
a2 FTS ii{i,le,2H,2H-Perfluorodecanesulfonic 39108-34-4 527 81/507 1
HF-3,7- : L
DMOA Perfluoro(3,7-dimethyloctanoic acid) [172155-07-6 513 469/269 1
PFDS Perfluorodecanesulfonic acid 335-77-3 599 80/99 1
7HPFHpA |7H¥Dodecafluoroheptanoic acid 1546-95-8 345 281/39 2,5
afprump 212, 3H,3H-Heptadecafluorounde-| 54595 339 | 491 367/387 1
canoic Acid
HEPGZBA 2,3,3,3-tetrafluoro-2-(heptafluoropro-| 13252-13-6 ana PP 25
©1S0 2023 - All rights reserved 13
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Annex E
(informative)

LC-MS/MS chromatographic conditions

E.1 General

Various tylpes of LC-MS/MS can be used. In E.2 and E.3 there are two examples of LE:MSJMS
chromatographic equipment, column and operating conditions with parameters (Tables E.1.t0.E.6) pnd
chromatograms (Figures E.1 and E.2) that have been found suitable for this analysis.
Table E.1 — Reagents for LC-MS/MS
Chemical Purity

Deionized yvater > grade 3,1S0 3696

Acetic acid|CAS 64-19-7 w(CH;COOH) 2 99,9 %.

Ammoniunp acetate, CAS 631-61-8 w(CH;COONH,) = 97 %:

Formic acid, CAS 64-18-6 w(HCOOH) =99 %.

Methanol, ¢AS 67-56-1 HPLC grade

Reference dolutions 13C-PFOS (e.g-JP(CF,)gS05" H*]-, 1,2,3,4-13C,); or

180_-PFOS (&'g: [F(CF,)gS05" H*]-, 180,).

For the LCtMS/MS eluent, a 10 mM ammonium acetate solution is prepared by dissolving 0,771 g of

ammoniunp acetate in 1 000 ml deionized water.

E.2 Example 1 of LC-MS/MS operating conditions

E.2.1 LC{MS/MS chromatographic conditions

Column: Reverse phase €18, 150 mm x 2,1 mm, 2,6 pm, 100 A

Mobile phase: Eluent/A;"10 mM ammonium acetate solution

Eluént B: methanol

Table E.2 — Gradient

Time Eluent A Eluent B
min % %
0 99 1
10 99
13 99
13,5 99
25 99

14
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Flow: 0,15 ml/min
Injection volume: 20 ul
Temperature column oven: 40 °C

Run injection: Every batch of 20 samples or fewer requires four calibration points and a
blank.

E.2.2 LC-MS/MS mass spectrometry conditions

Polarity: Negative API-ES (ESI)
Modle: MRM

Fragmentor: 72V

Dry| gas temperature: 350°C

NeHQulizer pressure: 40 psi

Gas|flow: 12 1/min

Capjillary voltage: 3000V

E.2|3 Fragment for quantification

Table E.3 — MRM transitions

Analytes MRM transitions
363,1 - 319,0
PFHpA
363,1 - 169,1
412,96 - 369,0
PFQA
412,96 — 169,02
463,0 - 419,0
PFNA
463,0 - 219,1
513,0 - 468,9
PFIDA
513,0 —» 219,0
562,9 - 5189
PFUnDA
562,9 —» 269,0
6129 - 5689
PFIboDA
612,9 - 319,02
PETrDA \CASZ-TP OT0; 7
662,9 — 269,02
7129 - 668,9
PFTeDA
712,9 - 2692
499,0 — 80,0
PFOS
499,0 - 99,1
498,1 - 78,0
FOSA
498,1- 479
2 Only for confirmation of identification.
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E.3 Example 2 of LC-MS/MS operating conditions

E.3.1 LC-MS/MS chromatographic conditions for PFOS and PFOA

E.3.1.1 General

Figure E.1 shows a chromatogram of the PFOS and PFOA compounds made using the gradient given in
Table E.4. The identification of PFOS and PFOA is made using the MRM conditions in Tables E.5 and E.6.
The peak area is calculated using the calibration graphs given in Figures E.2 and E.3.

E.3.1.2 (Chromatographic conditions for PFOS and PFOA

Column: Reverse phase C18, 100 x 2,1 mm, 2,6 um, 100 A

Mobile phase: Eluent A - ammonium acetate 10 mM solution

Eluent B - methanol
Table E.4 — Gradient

Time Eluent A Eluent B
min % %
0,01 65 35
15,00 15 85
20,00 10 90
25,01 65 35
30,00 65 35

Flow: 0,2 ml/min

Injection vplume: 1,05

Nebulizing|gas flow: 1,5 1/min

DL temperature: 250°C

Heat block|temperature; 200°C

Drying gas|flow: 151/min
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Y
B
40 000+
30 000+
1
20 000+
10 000+ ~
0 %
0 5 10 15 20 24 X
Key]
X fime (min)
Y peakarea
1 RFFOA retention time: 16,668 min
2 PFOS retention time: 18,172 min
Figure E.1 — Chromatogram of PFOS and PFOA
E.3{1.3 Identification of PFOS.and PFOA
Table E.5 — Conditions MRM - PFOS
Precursor Product Dwell time Q1 Pre-bias Q1 Pre-bias
CE
m/z m/z msec \' \%
498,90 80,00 7,0 14,0 55,0 29,0
498,90 99,00 7,0 14,0 44,0 16,0
Table E.6 — Conditions MRM - PFOA
Precurser———————Produet BweH-time Q1-Pre-bias CE Q4Pre-bias
m/z m/z msec \Y \Y
412,90 369,05 7,0 15,0 11,0 24,0
413,10 169,00 7,0 20,0 19,0 30,0

© IS0 2023 - All rights reserved
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E.3.1.4 Quantification of PFOS and PFOA

E.3.1.4.1 Quantification PFOS (SIM -)

Retention | o\ STD1 | ConcSTD2 | ConcSTD3 | ConcSTD4 L
Name m/z time Acquisition
min g/l g/l g/l g/l
PFOS 499,00 18,173 25 50 100 200 1:Q3 SIM(9)

Equation: Y = (30 578,5)X + (136 271)

R=0,999 4
Y

R2=0,9995

6500 0001
60000001

5000 000;
4000 0005
3000 000;
2000 000;

1000 0004

D 50 100 150 200 X
Key
X concentration (pg/1)
Y peakarep
Figure E.2 — Calibration graph for PFOS
. Retention
Data# Data file- time Area Conc. Std. conc. Accuracy S/N
name . ug/l ug/l %
min

1 STD1.lcd 18,133 910 423 25,317 25 101,3 235,46

2 STD3.lcd 18,145 1703753 51,261 50 102,5 388,43

3 STD2.lcd 18,172 3119326 97,554 100 97,6 274,84

4 STD4.lcd 18,310 6278514 200,868 200 100,4 129,63
18 © IS0 2023 - All rights reserved
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Ret(_entlon Conc STD5 Conc STD6 | ConcSTD7 | Conc STD8 .
Name m/z time 1 1 1 1 Acquisition
min ng/ ng/ ng/ ng/
PFOA 413,00 16,624 25 50 100 200 1:Q3 SIM(-)

Equation: Y = (19 402,8)X + (190 650)

R=09998 R%2=09997

Y
4000 000 ] e
3000 000+
2000 000+
1 000 0001
0
0 50 100 150 200 X
Key
X doncentration (pg/1)
Y peakarea
Figure E.3 — Calibration graph for PFOA
. Retention
Data# Data file- time Area Conc. Std. conc. Acctlracy S/N
T name in ng/l pg/l %
1 STD5.1cd 16,575 645 776 23,457 25 93,8 29,35
2 STD6.lcd 16,587 1190955 51,555 50 103,1 151,88
3 STD7.lcd 16,606 2138086 100,369 100 100,4 3919
4 STD8.lcd 16,735 4063 836 199,620 200 99,8 417,81

E.3.2 LC-MS/MS chromatographic conditions for other polyfluorinated compounds
(PFAS): PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUdA, PFDoA, PFTrDA and

PFTeDA

Figure E.4 shows chromatograms of the following PFAS compounds: PFBA, PFPeA, PFHxA, PFHpA, PFOA,
PFNA, PFDA, PFUdA, PFDoA, PFTrDA and PFTeDA, with C4 to C14 carbon chain lengths, respectively.
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