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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 preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee SC 2,
Physical, chemical and biochemical methods.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Water quality — Determination of perfluoroalkyl and
polyfluoroalkyl substances (PFAS) in water — Method

using solid phase extraction and liquid chromatogra
tandem mass spectrometry (LC-MS/MS)

phy-

WARNING — Persons using this document should be familiar with normal laboratory practice.

This
use.

document does not purport to address all of the safety problems, if any, associa
[t is the responsibility of the user to establish appropriate safety and health prag

IMP(
be c{

DRTANT — It is absolutely essential that tests conducted in accordancewith thi
airried out by suitably qualified staff.

N

1

This
subs
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chro
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of a
can |
rang
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achie

bcope

document specifies a method for the determination of selected perfluoroalkyl and pol
fances (PFAS) in non-filtrated waters, for example drinkingdvater, natural water (freg
vater) and waste water containing less than 2 g/l solid-particulate material (SPM)

matography-tandem mass spectrometry (LC-MS/MS). THe compounds monitored by

ypically the linear isomers. The group of compoundsdéetérmined by this method are rej
vide variety of PFAS. The analytes specified in Table 1 can be determined by this met
pe modified depending on the purpose for which‘the method is intended. The lower]
e of this method can vary depending on the sensitivity of the equipment used and the 1
le. For most compounds to which this docufment applies 20,2 ng/1 as limit of quantific
ved. Actual levels can depend on the blank'levels realized by individual laboratory.

The ;
is no

pplicability of the method to further'substances, not listed in Table 1, or to further ty
L excluded, but is intended to be yalidated separately for each individual case.

NOTH
arep

1
erfluoroalkyl and are also considered polyfluoroalkyl substances.

NOTH
envir
chror

2 The linear PFAS isomers are specified in this document. The branched isomers can |
onmental samples, especially for PFOS. Annex E provides an example of an analytical apq
hatographic and speetroscopic separation of individual isomers.

ormativereferences

ted with its
tices.

5 document

yfluoroalkyl
h water and
using liquid
this method
bresentative
hod. The list

application
natrix of the
ation can be

pes of water

PFAS is used in this docuinerit to describe the analytes monitored. Many of the compounds in Table 1

be present in
roach to the

heir content
applies. For

constitutes requirements of this document. For dated references, only the edition cited

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

ISO 5667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling prog
sampling techniques

ISO 5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

hts) applies.

rammes and

ISO 21253-1, Water quality — Multi-compound class methods — Part 1: Criteria for the identification of

target compounds by gas and liquid chromatography and mass spectrometry

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

perfluoroalkyl and polyfluoroalkyl substances

PFAS

commonly used international abbreviation for organic compounds with replacement of most or all

hydrogen atoms by fluorine in the aliphatic chain structure

Note 1 to entfry: The term is used in the broader sense for per- and polyfluoroalkyl substances (PFAS), andl per-

and polyfluofinated compounds (PFC) as well.
4 Principle
The analyt¢s listed in Table 1 are extracted from the water sample by solid-phase extraftion
using a wejak anion exchange sorbent followed by solvent elution and determination by Iljquid
chromatogrpphy-tandem mass-spectrometry.
The user should be aware that each analyte has its own specific optithum conditions and thergfore
modificatiop of the analyte list could require the specification of additional conditions for [each
additional pprameter.
Table 1 — Analytes determinable by this method
Analyte IUPAC2 name Formula Abbreviation CAS-RNP
Perfluofo-n- 1,1,2,2,3,3,4,4,4-Nonafluorobutane-1-sul< C,HF403S PFBS 375-73{5
butanesulfgnic acid fonic acid
Perfluofo-n- 1,1,2,2,3,3,4,4,5,5,6,6,6-Tridecafluorohex- CcHF505S PFHxS 355-46{4
hexanesulf¢nic acid ane-1-sulfonic acid,
Perfluoyo-n- 1,1,2,2,3,3,4,4,5,5,6,6,7/7,7-Pentade- C,HF505S PFHpS 375-9248
heptanesulfpnic acid cafluoroheptane-1-sulfonic acid
Perfluoto-n- 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-Heptade- CgHF{,03S PFOS 1763-23F1
octanesulfqnic acid cafluorooctane-1-sulfonic acid
Perfluofo-n- 1,1,2,2,3,3,4,4/5:5,6,6,7,7,8,899,10,10,10-Hen-|  C,,HF,,0,S PFDS 335-778
decanesulfgnic acid icosaflugredecane-1-sulfonic acid
Perfluorooctfanesulfo- | 1,1,2,2,3;3,4,4,5,5,6,6,7,7,8,8,8-Heptade- | CgH,F;;NO,S FOSA 754-91{6
namifle caffuoro-1-octanesulfonamide
N-methyl 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-Heptade- CoH,F{7NO,S N-MeFOSA 31506-32-8
perfluorooctfanesulfo- 4™cafluoro-N-methyl-1-octanesulfonamide
namifle
N-ethyl N-Ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-he | C;yH¢F;;NO,S N-EtFOSA 4151-50f2
perfluorooctanesulfo- ptadecafluorooctane-1-sulfonamide
namide
N-methyl 2-[1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-Hepta- | C;;H,F;,NO,S | N-MeFOSAA 2355-31-9
perfluorooctanesulfon- | decafluorooctylsulfonyl(methyl)amino]
amidoacetic acid acetic acid
N-ethyl 2-[Ethyl(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8 | C;,HgF;;,NO,S | N-EtFOSAA 2991-50-6
perfluorooctanesulfon- | -heptadecafluorooctylsulfonyl)amino]
amidoacetic acid acetic acid
6:2 Fluorotelomer sul- 3,3,4,4,5,5,6,6,7,7,8,8,8-Tridecafluorooc- CgHF303S 6:2 FTSA 27619-97-2
fonic acid tane-1-sulfonic acid
8:2 Fluorotelomer sul- | 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-Heptade- | C;qH5F;,05S 8:2 FTSA 39108-34-4

fonic acid

cafluorodecane-1-sulfonic acid

b CAS-RN: Chemical Abst

a  IUPAC: International Union of Pure and Applied Chemistry.

ract Services Registry Number.

© ISO 2019 - All rights reserved


https://www.iso.org./obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=da9c8b22148a37ef8b6cdce814f8ec49

ISO 21675:2019(E)

Table 1 (continued)
Analyte IUPAC? name Formula Abbreviation CAS-RNP
9-Chlorohexade- 2-(6-Chloro-1,1,2,2,3,3,4,4,5,5,6,6-do- CgHCIF40,4S 9CI-PF30NS 73606-19-6
cafluoro-3-oxanon- decafluorohexoxy)-1,1,2,2-tetrafluo-
ane-1-sulfonic acid roethanesulfonic acid
Perfluoro-n-butanoic 2,2,3,3,4,4,4-Heptafluorobutanoic acid C,HF,0, PFBA 375-22-4
acid
Perfluoro-n- 2,2,3,3,4,4,5,5,5-Nonafluoropentanoic acid C;HF40, PFPeA 2706-90-3
pentanoic acid
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6,6-Undecafluorohexa- CcHF 10, PFHxA 307-24-4
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6,7,7,7-Tridecafluorohep- C,HF 30, PFHpA 375-85-9
heptanoic acid tanoic acid
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-Pentadecafluo- CgHF 50, PFOA 335-67-1
octanoic acid rooctanoic acid
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-Heptade- CyHF{,0, RFNA 375-95-1
nonanoic acid cafluorononanoic acid
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-Non- C1oHF 190, PFDA 335-76-2
decanoic acid adecafluorodecanoic acid
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10, C;1HE,;10; PFUnDA 2058-94-8
yndecanoic acid 11,11,11-Henicosafluoroundecanoic acid
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10, C),HF,50, PFDoDA 307-55-1
dodecanoic acid 11,11,12,12,12-Tricosafluorododecanoic
acid
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10, C3HF,50, PFTrDA ¥2629-94-8
tridecanoic acid 11,11,12,12,13,13,13-Pentacosafluorotri-
decanoic acid
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10, C4HF,,0, PFTeDA 376-06-7
tefradecanoic acid 11,11,12,12,13,13,14,14,14-Hepta-
cosafluorotetradecanoic acid
Perfluoro-n- 2,2,3,3,4,4,5,5,6,6(7,7,8,8,9,9,10,10, C16HF310, PFHxDA 67905-19-5
hgxadecanoic acid 11,11,12,12,13;13;14,14,15,15,16,16,
16-Hentriacontaflworohexadecanoic acid
Perfluoro-n- 2,2,3,3,444,5,5,6,6,7,7,8,8,9,9,10,10, C;gHF350, PFOcDA 16517-11-6
od¢tadecanoic acid 11,11,12,12,13,13,14,14,15,15,16,16,
17,17,18,18,18-Pentatriacontafluoroocta-
decanoic acid
8:R Fluorotelomer 374)4,5,5,6,6,7,7,8,8,9,9,10,10,10-Hexade- C1oH2F 160, 8:2 FTUCA 70887-84-2
unsaturated carboxylic cafluorodec-2-enoic acid
acid
8:2 Polyfluoroatkyl Bis(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-he CyoHgF3,04P 8:2 diPAP 678-41-1
phosphate diester ptadecafluorodecyl) hydrogen phosphate
Hexafluoropropylene 2,3,3,3-Tetrafluoro-2-(1,1,2,2,3,3,3- CeHF {105 HFPO-DA 13252-13-6
okidedimer acid heptafluoropropoxy)propanoic acid
4,8-ioxa-3H-perfluor- 2,2,3-Trifluoro-3-[1,1,2,2,3,3-hex- C,H,F;,0, DONA 919005-14-4
ononanoic acid afluoro-3-(trifluoromethoxy)propoxy|
propanoic acid
a [UPAC: International Union of Pure and Applied Chemistry.
b CAS-RN: Chemical Abstract Services Registry Number.

5 Interferences

5.1 Interferences with sampling and extraction

Sample bottles (7.1) shall consist of materials that do not contaminate or change the composition of the
sample during sample storage. All types of fluoropolymer plastics, including polytetrafluoroethylene
(PTFE) and fluoroelastomer materials, shall be avoided during sampling, sample storage and extraction.

© IS0 2019 - All rights reserved 3
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Sample bottles (Z.1) shall be checked for possible background contamination before use. If background
contamination is suspected or detected in sample bottles (7.1), then wash sample bottles (7.1) with
water (6.1) and methanol (6.6) prior to use. To avoid cross contamination, the sample bottles (7.1) should
only be used once. The use of intermediate sample tubes (7.6) and vials (7.10) should be limited in the
overall process to avoid contamination of loss by sorption. To avoid losses resulting from adsorption of
target analytes to the wall of sample bottle (7Z.1) and reservoir column (7.4), extract all of the sample
from the sample bottle (7.1) and rinse the wall of sample bottle (7.1) and reservoir column (7.4) with
methanol (6.6).

Commercially available adsorbent materials often vary in quality or activity. Considerable batch-
to-batch differences in quality and selectivity of these materials are possible. The recovery of a

single subst
periodically]
used (12.1).

5.2 Inter

Substances
to those pro

These inter
chromatogr
affect the aq
LC column (
interferencd

Matrix inter]
of matrix in
and ground
matrices ca
resulting in
can be achie

Interferencs
LC systems
for possible
seals and t
polyetheret

NOTE B4
between the
from the inst

The LC-vial
levels in prd

ance may also vary wWIth respect to 1ts concentration. ITherefore, check analyte recq
at different concentrations and whenever new batches/lots of reagents or labwar

ferences with LC-MS/MS

with similar retention times that can produce ions with similar mass-to c¢harge ratios
duced by the analytes of interest may interfere with the determination.

ferences may lead to incompletely resolved signals and/or additional signals in the

ams of target substances. Depending on their levels in thé$ample, such substances
curacy and precision of the results. The chromatographiciseparation is different wit
see Annex C for examples). As long as the peak of interest can be separately integrated
s, it may be used.

ferences may be caused by contaminants that are'co-extracted from the samples. The e
Lerferences varies considerably, depending ontthe nature of the samples. In drinking y
water, matrix interferences are usually héegligible, whereas waste water and sea
h be affected by matrix interferences thatlead to ionization suppression or enhance
bias or reduced sensitivity of the method. As long as the required limits of quantific
ved in samples, samples can be dilufed to minimize matrix effects.

s arising directly from analyticalinstruments can be significant for unmodified comms
because many parts are made of PTFE and other fluoropolymers. It is necessary to
blank contamination from/the individual parts, such as tubing, solvent inlet filters,
he degassing equipment; and replace these with materials such as stainless steel
herketone (PEEK), where possible.

ickground contanjination can arise from within the instrument. A delay column can be att
solvent mixer-and injection valve to chromatographically resolve these background contami
rument andyer'mobile phases from the target analytes.

caps shialtbe free of fluoropolymer material. Efforts should be taken to minimize backgr
cedural blank materials such that the procedural blank, including the instrumental b

very
b are

m/z)

mass
may
h the
from

Ktent
vater
vater
ment
htion

rcial
heck
ralve

and

hched
hants

pund
lank,

is atleast 10

-fold below the reporting limit.

6 Reagents

Whenever possible, use certified or analytical-grade reagents or residue free-analytical grade
reagents stored in glass or polypropylene containers with metal or polypropylene lined caps. Avoid
using reagents with fluoropolymer lined caps and check contamination levels of target substances
using repeated blank determinations. Carry out additional cleaning or conditioning steps to ensure
background levels are minimized, if necessary.

6.1 Water, blank-value free, e.g. complying with grade 1 as specified in ISO 3696.

Purified laboratory water can be used, but should be confirmed to be free of PFAS. The quality of water
is checked by the same procedure given in 9.3.

4 © IS0 2019 - All rights reserved
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6.3

6.4

6.5

6.6

ISO 21675:2019(E)

Acetic acid, w(CH;COOH) = 99,9 % mass fraction (999 g/kg).
Acetonitrile, CH;CN.

Ammonia solution, w(NH3) = 25 % mass fraction (250 g/kg).
Ammonium acetate, w(CH;COONH,) = 97 % mass fraction (970 g/kg).

Methanol, CH;0H, blank-value free.

NOTH
gas (4

6.7

Refel
analy
95 %
othe

NOTH

6.8

Inten
proc
resu
of th

NOTH

6.9

the

Storé
temp

6.9.1

Stocl
be of

The quality of methanol is checked by evaporating 10 ml of methanol with a gentle strea
b.13) to 0,5 ml and determining levels according to this document.

Reference substances, see Table 1.

‘ence substances are analytical standards used for quantitative determination of

" target analytes to be determined by analysing alternate lots orisécond sources.

Solutions of reference substances are commercially available;

Internal standard substances, see Table 3.

e analytes to be determined by analysing new lots using this document.

Solutions of internal standard substances are commercially available.

Preparation of the solutions

Calca\Illate the concentration of .all:reference substances and internal standard solutions wi

nion content.

the solutions at (5~ 3) °C in the dark, protected against evaporation. Bring th
erature prior touse(i.e. before dilution or spiking or injection).

Individual stock solutions of the reference substances

¢ solutiens’of the individual reference substances (6.7) in methanol (6.6) or acetonitrile
massioncentration to enable dilution to the desired range, e.g. 50 ug/ml each.

m of nitrogen

the method

tes. Use only reference substances or solutions, where the content~of“linear isomeys is at least
. Make sure that the individual reference substances do not contain-detectable concgntrations of

nal standard substances are labelled forms of the féference substances to be used in the analytical
pdure to correct for recovery due to losses of analyte or changes in analytical conditions that could
tin bias. Make sure that the internal standard-Substances do not contain detectable concentrations

[th regard to

bm to room

(6.3) should

6.9.

Individual stock solutions of internal standard substances

Stock solutions of the individual internal standard substances (6.8) in methanol (6.6) or acetonitrile (6.3)
should be of mass concentration to enable dilution to the desired range, e.g. 50 ug/ml each.

6.9.3 Native stock solution (reference substances)

Prepare a solution of the reference substances with a mass concentration of, for example, 0,1 pg/ml each.

Fill, for example, 1 ml of each solution of the individual reference substances, for example 50 pug/ml
(6.9.1), into a 500 ml volumetric flask (7Z.7) and make the solution up to the mark with methanol (6.6).

© ISO

2019 - All rights reserved
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6.9.4 Labelled stock solution (internal standard substances)

Prepare a solution of the labelled internal standard substances with a mass concentration of, for
example, 0,1 ug/ml each.

Fill, for example, 1 ml of each solution of the individual internal standard substances, e.g. 50 pg/ml
(6.9.2), into a 500 ml volumetric flask (7.7) and make the solution up to the mark with methanol (6.6).

6.9.5 Spiking solution (reference substances)

Prepare a solution of the reference substances with a mass concentration of, for example, 10 ng/ml each.

Fill, for exan
and make tH

This solutio

6.9.6 Spikl

Prepare a §
example, 10

Fill, for exa
flask (7.7) a

This solutio

6.9.7 Refée

Prepare the
amount of i

Prepare the
be determin

Fill, for exaj
of labelled s
flask (2.7) a

6.10 Aceta

Mix, for exa
ammonium
50 ml of the

imple, 1 ml of the labelled stock solution e.g. 0,1 pg/mlA6:9.4) into a 10 ml volum

ple, 1 ml of the native stock solution e.g. 0,1 pg/ml (6.9.3) into a 10 ml volumetric flask
e solution up to the mark with methanol (6.6).

h is used for recovery samples (see 12.1).

ling solution (internal standard substances)

olution of the labelled internal standard substances with a mass concentration o
ng/ml each.

hd make the solution up to the mark with methanol (6.6}

h is used for water samples (see 9.1.2) and spiking récevery samples (see 12.1).

rence solution

reference solutions by setting up dilutions'of the stock solutions (6.9.3, 6.9.4). Add the
iternal standards to each reference solution.

reference solution, for example a:solution with a mass concentration of the substang
ed and of the internal standard substances e.g. 1 ng/ml each.

hple, 0,1 ml of native stock selution (reference substances) e.g. 0,1 pg/ml (6.9.3) and 0
tock solution (internal standard substances) e.g. 0,1 pg/ml (6.9.4) into a 10 ml volum
hd make the solution,up'to the mark with methanol (6.6).

Le buffer, for solidsphase extraction, 0,025 mol/l, pH 4.

mple, 0,5 mlof acetic acid (6.2) with e.g. 349,5 ml of water (6.1). Dissolve e.g. 0,116
cetate (625) in e.g. 60 ml of water (6.1). Mix e.g. 200 ml of the diluted acetic acid wit
ammomium acetate solution.

(Z7)

f, for

etric

bame

es to

1 ml
etric

g of
h e.g.

6.11 Amm

bhia/methanol solution, for solid-phase extraction, with a mass fractio

n of

approximately 0,1 %.

Mix, for example, 0,4 ml of ammonia solution (6.4) with e.g. 99,6 ml of methanol (6.6), with a volume of

(NH;) of e.g.

0,1 %.

6.12 Solid-phase extraction material, weak anion exchanger on a copolymer-based. Suitable materials
are available commercially (see Annex A).

6.13 Nitrogen, N,, purity >99,9 %.
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7 Apparatus

Equipment of which any part may come into contact with the water sample or the extract shall be free
from interfering compounds.

The blank determination shall be conducted before the sampling. Clean labware and apparatus for
solid-phase extraction by washing with water (6.1) and methanol (6.6) if background contamination is
detected in labware and apparatus.

Equipment in contact with sample or reference solutions should be made of polypropylene or
polyethylene. It was not tested except for compounds listed in Annex H for sampling whether the use of

rara-raasrlaad da 1l cana

glass

7.1

Narr]

arntion-aofcarmaafibha o stac untbhia o o aftha oot od
[SAV Y HLlUll Ul OVUIIIC UL LIIC blll(/ll)’ CLUO VVIUIIIIT LITC J\'UP\, UL LITCU TIICLITUU.

Sample bottles

pw-neck flat-bottomed polypropylene or polyethylene bottles, normal volume 50

250 ml, 500 ml and 1 000 ml, with conical shoulders and screw caps.

NOTH
provi

The {
the s

Glass bottles can be used for compounds listed in Annex H. Glass bottles can be used
ded that storage conditions of samples have been validated in each case,‘See Annex H for exanj

entire sample shall be extracted and the appropriate-sized sample bottle should be us
pmple.

Samjple bottles shall be checked for possible background-corntamination before use. The

ml, 100 ml,
for sampling
ples.

ed to collect

bottles and

screw caps are washed with methanol (6.6) and dried before use in order to minimize contgmination, if
background contamination is detected in sample bottles;

7.2 | Pipettes, with polypropylene tips.

7.3 | Solid-phase extraction medias (cartridges or disks), made of inert non-leaching plastic, e.g.
polypropylene or polyethylene frits.

The tartridges shall be packed with*50 mg to 1 000 mg of solid-phase extraction materjal (6.12) as
sorbent. In general, 150 mg to 250 \mg of sorbent (see Annex A) in a single cartridge is suffficient for up

to 50
NOTH
NOTH

neuty
exam

7.4
or pd

0 ml of water.

1  The 500 mg of sorbent (see Annex A) in a single cartridge is sufficient for 1 000 ml of sea|

2 The stationary phase can be modified if analytes are not recovered quantitatively
al substances.Such as FOSA, N-MeFOSA and N-EtFOSA) using solid-phase extraction mater
ple strongly hydrophilic reversed -phase copolymer or silica-based.

Resefvoir column, normal volume 60 ml, with adaptor for cartridges (7.3), made of pq
lyethylene.

water.

(for example
ial (6.12) for

lypropylene

7.5

Vacuum or pressure assembly, for the extraction step.

7.6 Sample tubes, made of for example, polypropylene or polyethylene, for collecting and
concentrating the eluate, e.g. test tube, nominal volume of 15 ml.

7.7 Volumetric flasks, with inert stoppers, made of polypropylene or polyethylene not containing

fluor

7.8

opolymer materials, normal volume 10 ml, 50 ml, 100 ml and 500 ml.

Graduated cylinder, normal volume 50 ml, 100 ml and 500 ml.

7.9 Evaporation assembly, using a nitrogen (6.13) stream passing through a stainless-steel needle.
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7.10 Vials, made of polypropylene or polyethylene not containing fluoropolymer materials, capacity e.g.
1,5 ml, depending on the auto-sampler, with e.g. polyethylene snap-on caps.

7.11 Liquid chromatograph, temperature-controlled and with all necessary accessories, including
gases, LC columns (see Annex B), injector and tandem mass spectrometer (7.12).

7.12 Tandem mass spectrometer, with an ion source capable of generating ions for the analytes
of interests [e.g. electrospray ionization (ESI)] and capable of determining the m/z values of selected
precursor ions and product ions of the target substances listed in Table 2 and Table 3.

7.13 Analy]
7.14 Centr

7.15 pHin

tical balance, capable of weighting to the nearest 0,1 g.
ifuge, capable of 3 000 rpm.

Hlicator paper.

8 Sampling

Take, preser
For samplin
Store sampl

PFAS compd
sea water sg
maximum S
stage for all
is analysed
quantitative

ve and handle samples as specified in ISO 5667-1 and ISO 5667-3.
p, use thoroughly cleaned sample bottles (7.1). Fill the battle with the water to be sam
bs in a refrigerator at (5 = 3) °C and analyse within four weeks.

unds with 11 or more carbon atoms may fall out of solution during storage. 8:2 FTU
mples is not stable for four weeks. Sample storage conditions should be checked to cor
hmple storage times. A storage study should be conducted during the method valid

bled.

CA in
firm
htion

analytes routinely determined. The entire sample shall be extracted. If the entire sample

and the sample bottle is rinsed with~solvent, the longer chain compounds shoul
ly recovered.

9 Procedure

9.1 Solid

9.1.1 Gen

In general, i
the sample 3

before analy

-phase extraction

eral

h this procediire, samples are analysed without pre-treatment. Before starting the ana
nd interhal'standard substances (6.9.6) shall have time to equilibrate to room temper;
sis.

NOTE

d be

lysis,
iture

Afnex F and Annex G provide examples of sample preparation for rapid methods without s3

extractionb i

9.1.2 Sample preparation

mple

ation.

Weigh the sample bottle with its original cap and water sample, to the nearest 1 g or mark the line on
the sample bottle (7.1) with the sample volume.

The entire sample shall be extracted. The water sample which is collected into the sample bottle (7.1)
shall not be separated into new sample bottles to avoid losses of target analytes due to sorption to the
sample bottle (7.1).
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The pH value of the sample shall be adjusted to the pH value of 3 with acetic acid (6.2) or ammonia
solution (6.4) by pH indicator paper (7.15), if necessary.

NOTE Low recoveries of internal standard substances (6.9.6) can be improved by adjusting the pH value
to 3, especially for short chain PFAS such as PFBA in a sea water sample.

Add the spiking solution containing the internal standard substances (6.9.6) to the water sample in
the sample bottle (adding e.g. 100 pl of each, actual amount can be adjusted depending on the sample
matrix) and mix thoroughly by shaking.

If the solid-phase extraction cartridge becomes clogged due to large amounts of suspended particulate
in the sample, it may be possible to carry out the operation in Annex D or to divide the sample between
two [artridges and pool the extracts. There may be a risk of increased blank level, whlich shall be
checked for.

9.1.3 Conditioning of the solid-phase extraction material

The
pack

following procedure describes that used for commercially available 6) ml copolyme
ed with 150 mg of sorbent sandwiched between two polyethylene frits.

r cartridges

Wash the cartridge in the following sequence with 4 ml of ammonia/methanol solution
of methanol (6.6) and lastly 4 ml of water (6.1) prior to use. Make’sure that the sorben
the dartridge does not run dry. Retain the water in the cartridge (with the water level ju
packjng) to keep the sorbent activated.

(6.11), 4 ml
[ packing in
5t above the

NOTH
used

The solvent and water volumes used for conditioning’depend on the amount the solid phase material
(for examples see Annex A).

9.1.4 Sample extraction

air bubbles
the sorbent

Start
are t
mate

the extraction immediately after conditioning the sorbent packing. Make sure that nd
rapped in the sorbent bed when changihg from conditioning to extraction. Do not let]
rial in the cartridge go dry and enstire it is immersed in water at all times.

Let s

per {
(7.5)

Colle

Extr
wall

Rins
corrg

pample (see 9.1.2) run through the cartridge, conditioned as specified in 9.1.3, at a rate
econd (3 ml/min to 6 ml/min). Regulate the flow rate by changing the vacuum or t
respectively.

ct the sample, using areservoir column (7.4) connected to the cartridge (7.3) with an z

ict the entire sample in the sample bottle (7.1), to avoid losses resulting from adsor
of sample battle’(7.1).

e the wall of sample bottle (7.1) and reservoir column (7.4) with a volume of methanol
rsponds.to at least 0,5 % of original sample volume. This aliquot of methanol is collect

of one drop
he pressure

idaptor.

ption to the

(6.6) which
ed and used

as elfition solvent for sample extraction (see 9.1.5).

NOT In the case of the Tonger chain PFAS such as PFUnDA, PFDoDA, PFTrDA, PFTeDA, PFHxDA and PFOcDA,
loss can result from adsorption to the sample bottle (7.1) and reservoir column (7.4). Losses due to sorption to
the sample bottle can be reduced by rinsing the sample bottle with methanol.

Measure the volume (in millilitres) of the water used in the extraction by reweighting the empty sample
bottle with its original cap and calculate the net mass of sample, to the nearest 1 g, from the difference
in weight (see 9.1.2). Assuming a density of 1 g/ml, the value of the net mass (in grams) is equivalent
to the volume (in millilitres) of the water used in the extraction. Alternatively, add water (6.1) to the
empty sample bottle up to the mark (see 9.1.2), and measure the water volume using a graduated
cylinder (7.8). This volume is equivalent to the volume (in millilitres) of the original water sample.

9.1.5 Elution

Add 4 ml of water (6.1) and 4 ml of acetate buffer solution (6.10) to the cartridge and discard the eluate.
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The water (6.1) volume may be increased to remove interferences in the cartridge, if necessary. Low
recoveries of internal standard substances (see 12.2) can be improved by increasing the amount of
water (6.1), especially for short chain PFAS such as PFBA in sea water samples.

Centrifuge (7.14) the cartridge at 1 500 g for about 2 min or apply a vacuum to completely remove
the residual solution from the cartridge. Then elute the target substances with 4 ml of methanol (6.6),
followed by 4 ml of 0,1 % ammonia/methanol (6.11) at a rate of one drop per second and collect into the
sample tube (7.6), separately.

NOTE1 The solvent and water volumes used for washing and for the elution of the analytes depend on the
used mass of the solid phase material (for examples see Annex A).

NOTE2 M
is used as the

ethanol which is used to rinse the walls of sample bottle (7.1) and reservoir column (Z.4) (see P.1.4)

elution solution.

NOTE3  Neutral substances such as FOSA, N-MeFOSA and N-EtFOSA elute with methanol{(6:6). Anpionic
substances sfich as PFOS and PFOA elute with ammonia/methanol (6.11).

The
ition
The
kions
3)°C

he eluate with a gentle stream of nitrogen gas (6.13) to a final volume of e.g. 1 ml
ow ready for LC-MS/MS analysis. The final extract volume may, be adjusted by dil
hol, depending on the expected concentrations of the target substances in the sample
concentratign of the sample should be adjusted (by dilution or concentrationj'so that the concentra
of the target substances lie within the calibration range of the instrument: Store the extractat (5
in the dark yintil analysis.

Evaporate t
extract is n
with metha

9.2 LC-MS/MS operating conditions

Optimize th
mode in acq
for the mob
optimum se

e operating conditions of the LC-MS/MS system ifvthe electrospray ionization (ESI) neg
ordance with the manufacturer’s instructions. The appropriate LC gradient progra
ile phase is determined experimentally during method development and validation
hsitivity, selected ions for MS/MS transitions are listed in Table 2 and Table 3. An exa

ative

mme

. For

mple

of typical operating conditions is given in Annex.C.

NOTE Us and

methanol (6.

ually, optimum conditions for chfomatography and detection are achieved with water (6.1
b) in the presence of ammonium acetate (6.5) and, if appropriate, acetonitrile (6.3).

Table 2 — Selected diagnostic ions used in the determination (target substance)
Anglyte Selected diagnostic ions m/z
Precursor M,? Quantifier M,? Qualifier M3?

PFBS 299 80 99
PFHxS 399 80 99
PFHpS 449 80 99
PFOS 499 80 99
PFDS 599 80 99
FOSA 498 78 169
N-MeFOSA 512 169 219
N-EtFOSA 526 169 219
N-MeFOSAA 570 419 512
N-EtFOSAA 584 419 526
6:2 FTSA 427 407 81
8:2 FTSA 527 507 81
9CI-PF30NS 531 351 83
PFBA 213 169
a M, is the precursor ion used to obtain the product ion. M, is used as the product ion for the quantitation. M; can be
used for confirmation.
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Table 2 (continued)

Analyte Selected diagnostic ions m/z
Precursor M,? Quantifier M,? Qualifier M;?

PFPeA 263 219 69
PFHxA 313 269 119
PFHpA 363 319 169
PFOA 413 369 169
PFNA 463 419 219
PFD 543 469 219
PFURDA 563 519 26D
PFD¢DA 613 569 26p
PFTrDA 663 619 26p
PFTgDA 713 669 36p
PFHXDA 813 769 36p
PFO¢DA 913 869 36p
8:2 HTUCA 457 393 348
8:2 diPAP 989 97 54B
HFPQ-DA 329 169 28p
DONA 377 251 85
a M, is the precursor ion used to obtain the product ion. M, is,used as the product ion for the quantitatjon. M; can be
used [for confirmation.

Table 3 — Selected diagnostic ions used in the determination (internal standard) and
corresponding analyte

Analyte Corresponding analyte Selected diagnostic ions m/z
Precursor M,? Quantifier M,? Qualifier M52

13C,{PFBS PFBS 302 80 99
13C5{PFHxS PFHxS 402 80 99
180,{PFHxS PFHxS 403 84 103
13C,{PFOS PEOQS/PFDS/9CI-PF30NS 503 80 99
13C4{PFOS PEOS/PFDS/9CI-PF30NS 507 80 99
13C41FOSA FOSA 506 78 172
d;-NFMeFOSA N-MeFOSA 515 169 219
ds-NFEtFOSA N-EtFOSA 531 169 219
d;-NrMeEOSAA N-MeFOSAA 573 419 515
ds-NEEEFOSAA N-EtFOSAA 589 419 531
13C,-6:2 FTSA 6:2 FTSA 429 409 81
13C,-8:2 FTSA 8:2 FTSA 529 509 81
13C,-PFBA PFBA 217 172
13C.-PFPeA PFPeA 268 223
13C,-PFHXA PFHxA 315 270 119
13C5-PFHXA PFHxA 318 273 120
13C,-PFHpA PFHpA/DONA 367 322 169
13C,-PFOA PFOA 417 372 169
a M, is the precursor ion used to obtain the product ion. M, is used as the product ion for the quantitation. M5 can be
used for confirmation.

© IS0 2019 - All rights reserved
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Table 3 (continued)

Analyte Corresponding analyte Selected diagnostic ions m/z
Precursor M,? Quantifier M,? Qualifier M;?

13C4-PFOA PFOA 421 376 172
13C5-PFNA PFNA 468 423 219
13C4-PFNA PFNA 472 427 223
13C,-PFDA PFDA 515 470 219
13C,-PFDA PFDA 519 474 219
13C,-PFUnDA PEUABA 565 526 260
13C,-PFUnDA PFUnDA 570 525 2169
13C,-PFDoDA PFDoDA/PFTrDA 615 570 269
13C,-PFTeDA PFTeDA 715 670 369
13C,-PFHxDA PFHxDA/PFOcDA 815 770 369
13C,-8:2 FTUCA 8:2 FTUCA 459 394 344
13C,-8:2 diPAP 8:2 diPAP 993 97 545
13C5- HFPO-PA HFPO-DA 332 169 287

a M, is the|precursor ion used to obtain the product ion. M, is used as the product on for the quantitation. M5 chn be
used for confifrmation.

9.3 Blank determination

Treat the blank in exactly the same manner as the samples,‘except that the sample is replaced by the
appropriate| amount of pure water (6.1). Procedural blanks should be analysed with each batfh of
samples (a maximum of 20 samples).

In case of blank values exceeding 10 % of the lowest concentration level in the samples, clarify the
reason by systematic examinations (i.e. root caus€analysis) to eliminate the source of contaminatjon.

NOTE Background contamination can arise from in the instrument. A delay column can be attached betjween
the solvent njixer and injection valve to chromatographically resolve these background contaminants from the
instrument apd/or mobile phases from thetarget analytes.

9.4 Identification

Determine the optimum settings for ionization under the specified chromatographic conditions for|each
substance (Table 2 and Table 3), in the negative mode, where the ions of the type [M-H] ™ are formed.

NOTE1 Tlhe peaks.of short chain of PFAS such as PFBA may not be well retained on the octadecyl silyl (ODS)
LC column. The mix Wiode ion exchange LC column can be used for short chain PFAS which has superior retgntion
properties, espeeially for short chain PFAS. For examples see Annex C.2.

Choose the's ce, if
possible. Identlflcatlon using only one product ion may lead to erroneous results 1f there are co-elution
of interferences to target analytes. The two or more different LC columns may be used (for examples
see Annex B and Annex C) if only one product ion is selected.

NOTE 2  PFBAyields just one product ion. In the case of PFPeA and PFHxA, the intensity of the second product
ion is usually not sufficient to support positive results.

Each peak should be registered with a minimum of ten data points across the peak.

Peak identification is by comparison of the retention times and relative signal intensities observed
for the ions monitored (see Table 2 and Table 3) in the samples compared with those observed for the
reference substances.
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The retention time for a target substance peak shall agree with the retention time observed for the
target substance in the reference solution (6.9.7) within an acceptable tolerance. This applies to
comparison by either absolute or relative retention time. The absolute or relative retention time
measured in the sample shall meet the criteria in ISO 21253-1. The relative abundance of diagnostic
ions observed for samples shall meet the criteria in ISO 21253-1.

The branched isomers may be present in environmental samples, especially for PFOS. Incomplete
separation of the branched isomers from the linear isomer can lead to co-elution, which may interfere
with the analysis. The linear isomer can be separated from the others by using specific chromatography
columns (see Annex B) and by optimizing the chromatographic conditions. The linear isomers of PFAS
are the target substances of this method, and separation of the linear isomer from the other, branched,
isomfTs shall be demonstrated.

NOTE 3  Example of analysis of individual branched isomers of PFAS is described in Annex E:

10 Calibration

10.1 General requirements

For gractical reasons, calibration uses a solution containing the native analytes of interest pnd labelled
internal standards (see Table 2 and Table 3).

Ensure there is a linear dependence between signal and coneentration. Determine the linpar working
range using at least five measurements at different concentrations (see ISO 8466-1), e.g. 0,002 ng/ml,
0,01 hg/ml, 0,05 ng/ml, 0,2 ng/ml, 1 ng/ml and 5 ng/ml.as reference substances (6.9.7).

The ¢alibration function for a compound is valid only.for the measured concentration range. Additionally,
the dalibration function depends on the conditiom,of the instrument, which shall be checked regularly.
For foutine analysis, a regular check of the calibration function by means of a two-point continuing
calit;[ation verification is sufficient.

As far as the establishment of the calibtation functions is concerned, two methods are desdribed:
a) qalibration using an externalstandard (see 10.2);
b) ¢alibration using an internal standard (see 10.3).

NOTH Internal standard calibration is preferred when the internal standards are available.

Tabl¢ 4 gives an explafiation of the subscripts used in the following formulae and text.

Table 4 — Explanation of subscripts

Subscript Meaning
i Identity of the target substance
€ Catibration
[ Identity of the internal standard
g Overall procedure

10.2 Calibration using an external standard

Perform this type of calibration in all cases, as it is required for the determination of recovery for this
standard as well as for optimizing individual working steps of sample processing.

For establishing the calibration, inject reference solutions containing all substances to be determined
(6.9.7).

Use the same solvent composition for the reference solutions (6.9.7) and for the extracts.
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Prepare a plot of the results, plotting the values y;, (using peak areas, peak heights or integration units)
for each target substance as the ordinate and the associated mass concentrations p;, as the abscissa.

NOTE
not Gaussian

or tailing.

The use of peak heights may not result in accurate determination of concentration if peak shapes are

Determine the linear regression function using the corresponding pairs of values y,, and p;, in the

measuremen

Y ie = aie
where

Yie
fun
e.g.

pie
soly

call

10.3 Calib

When using
errors madsé
pre-treatms
sample, are

Use internal
with differe

Analytes fo
internal sta
spiked matr
of the select
external sta

NOTE U9
bias for the d
final sample

t series in accordance with Formula (1):

.pie+bie

M

is the measured response (dependent variable) of target substance i in the calibration-as

ction of p;,, expressed in units which will depend on the method of measurement'used
area;

is the mass concentration (independent variable) of target substance i in.the-alibration

tion, expressed in nanograms per litre, ng/1;

is the slope of the calibration curve of y,, as a function of the mass egncentration p,,, often

ed the response factor;

is the ordinate intercept of the calibration curve.

ration using an internal standard

b labelled internal standards, the determination of the concentration is correcte

nt or the adjustment of the final sample-extract volume, as well as by matrix effects i
minimized.

standards compounds that are €qual to substances under investigation which are lab
ht isotopes, e.g. deuterated or 13C-labelled compounds (see Table 3).

- which no isotopically labelled compounds are available may be evaluated using
ndards, if they have been. fested and documented that the analyte recovery calculated
ix samples of the spécific examined sample types is within the same range as the recc
pd internal standard/If no internal standards are available for any specific analytes, ug
ndard calibration-procedure (see 10.2).

ing an intetpal standard that is different from the analyte of interest can result in a signi
etermination of concentration. During specific sample pre-treatment steps, the adjustment
bxtract Volume, and/or matrix effects in the sample, an internal standard that is different fro

analyte of inferest will act differently than the target substance to be determined.

1 for

during injection. Also, errors caused by sample losses during particular steps of sample

n the

elled

ther
from
very
e the

icant
f the
m the

Add the intermatstamdardsprior toextractiomrof the target substances fronr the samptes—Thesp
solution of internal standard (6.9.6) e.g. 100 pl, where the mass is known, to be added depends on the

sample volu

me and on the expected concentration of the target substances in the sample.

king

For establishing the calibration, inject reference solutions containing all substances to be determined

and the inte

rnal standards (6.9.7).

Use the same solvent composition and internal standard concentrations for the reference solutions
(6.9.7) and for the extracts.

Prepare a plot of the results, plotting the values of the ratio y,./y;;. (see below) (using peak areas, peak
heights or integration units) for each target substance as the ordinate and the associated ratio of the
mass concentrations p;./py;. as the abscissa.

14
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Determine the linear regression function using the corresponding pairs of values of y,./y;;. and p;./py;e
in the measurement series in accordance with Formula (2):

yie _
yIie

wher

e

Yie

Pie_

+b
¢ plie

il ile (2)

is the measured response (dependent variable) of target substance i in the calibration as a
function of p,,, expressed in units which will depend on the method of measurement used,
e.g. area;

11 Calculation

11.1 Use of a calibration curve to determine concentration

Dete
proc
used
curv
low |

Yiie

lie

ile

ile

is the measured response of internal standard I of target substance i in the calibfation as a
function of p;;,, expressed in units which will depend on the method of measurement used,
e.g. area;

is the mass concentration (independent variable) of target substance 7'in the calipration
solution, expressed in nanograms per litre, ng/I;

is the mass concentration of internal standard I of target substance i in the calibration
solution, expressed in nanograms per litre, ng/l;

is the slope of the calibration curve of y;./y;;. as a fumietion of the mass concentrafion ratio
Pio/Prier Often called the response factor;

is the ordinate intercept of the calibration cugye.

Fmine the result for each samplé using the calibration curve as described in Clause 100. The same
bdure shall always be used for calibration, but the concentrations of the internal standdrd solutions
will depend on the samplés-being analysed. The concentrations used to prepare the calibration
e shall exceed the concentration range expected in the samples. Discard, if necesspry, high or
points on the curve te, provide a better linear fit over the concentration range most|appropriate

to the set of samples being-analysed. Choose the one concentration of the reference solutipn (6.9.7) as
quality control solution,inject quality control or calibration solutions at least every ten injections to
check the stabilityand linearity of the LC-MS/MS curve. Prepare a new calibration curve if the LC-MS/
MS cpnditions chafige or if the results of a calibration check using quality control/calibratipn solutions
differ by morethan 20 % from the original calibration curve.
11.2 Calculation of concentration using calibration with external standards
Calculate the mass concentration Pig of target substance 1 in accordance with Formula (3] after solving
Formula (1).

1

ie
where
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Yig s the measured response for target substance i in the sample, expressed in units which will
depend on the method of measurement used, e.g. area;

Pig is the mass concentration of target substance i in the sample, expressed in nanograms per

litre, ng/1;
b, isthe ordinate intercept of the calibration curve;
a,. is the slope of the calibration curve of y,, as a function of the mass concentration p,,, often

called the response factor.

11.3 Calculation of concentration using calibration with internal standards

Calculate the mass concentration p;, of target compound i in accordance with Formula (4) afitet sofving

Formula (2)

.
{ig Pii
Pig=| T bie | — (4)
g y a
J lig ile
where
Yig  igthe measured response for target substance i in the sample) expressed in units which|will
d

bpend on the method of measurement used, e.g. area;

Yiig  i§the measured response for internal standard I of target substance i in the sample,
expressed in units which will depend on the methed of measurement used, e.g. area;

pig  igthe mass concentration of target substancegjn the sample, expressed in nanograms per
litre, ng/1;

p;;  i9the predefined mass concentration ofinternal standard I of target substance i in the
spiked

sample, expressed in nanograms per litre, ng/1;

ie i9the ordinate intercept of the calibration curve;
id the slope of the calibration curve of y;./yy;. as a function of the mass concentration ratjio
plo/P1ie often called the Tesponse factor.

ile

11.4 Treafment of results outside the calibration range

If the concentrations of the target substances in the sample lie outside the range of the calibration
curve, prepdre a new calibration curve that matches the concentration range of the sample extracts.

12 Determination of analyte recovery

12.1 Recovery

For optimizing the method steps including extraction and sample preparation, determine the recovery
for each target substance i at different concentration levels. Also, determine the recovery of the internal
standards. The recovery at one concentration level should be analysed with each batch of samples (a
maximum of 20 samples).

Spike e.g. 500 ml of water (6.1) with a spiking solution of reference substances (6.9.5) e.g. 100 pul and
spiking solution of internal substances (6.9.6) e.g. 100 ul, process and analyse it in the same way as an
actual water sample.
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Calculate the recovery of reference substance using Formula (5):

p.
w; =—2x100 (5)
p;
where

w; is the percent recovery of reference substance i from the spiked sample;

pig is the mass concentration of target substance i in the sample, expressed in nanograms per
litre, ng/1;

#; isthe predefined mass concentration of target substance i in the spiked sample, eXpressed in
nanograms per litre, ng/1.

The fecovery of the reference substance calculated using Formula (5) shall be hetween 70 % and 125 %
to be considered acceptable.

12.2 Recovery of internal standards

Calcylate the recovery of internal standards using Formula (6):

wy; =—%100 6)

wy;  is the percent recovery of internal standard I of target substance i from the spik¢d sample;

Mg is the determined mass concentration of internal standard I of target substance {in the
spiked sample, expressed in nategrams per litre, ng/l;

p;;  isthe predefined mass concentration of internal standard I of target substance i in the
spiked sample, expressed in nanograms per litre, ng/l.

The fecovery of the internal stanidard calculated using Formula (6) shall be between 70 % and 125 % to
be cdnsidered acceptable,

© IS0 2019 - All rights reserved 17
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13 Expression of results

Report the results for the target substances listed in Table 1, in nanograms per litre, ng/l, to two
significant figures. Results should be reported as the anion concentration. Results should not be
corrected by blanks. Results for branched isomers and additional compounds may be reported, but
shall be identified as such.

14 Testreport

The test report shall contain at least the following information:

a) thetest
b) all infor
c) theresy
d) any dev
e) the datg
The method
18

method used, together with a reference to this document, i.e. ISO 21675:2019;
mation necessary for the complete identification of the water sample;

Its obtained for the individual substances, expressed in accordance with ¢lause 11;
iation from this method and report of circumstances that may have affected the resulfs;
of the analysis.

performance of this document is presented in Annex .
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Examples of suitable sorbents

Solid-phase adsorbent of performance at least equivalent to those given in Table A.1 should be used.
When methanol (6.6) is used as an elution solvent, the final solution should be an alkaline methanol

solutfion (e.g. prepared by dissolving 2 mg of sodium hydroxide in 100 ml of methanol)to

prevent the

estetfification of PFOA. When aqueous ammonium methanol is used, it is already alkalirie and therefore
this $tep is not required.

NOTH

applitability of this document.

Thisjannex does not recommend the usage of any specific product.

The solid-phase absorbents given in Table A.1 (in alphabetical order) have already confirmed their

Table A.1 — Examples of sorbents and conditions suitablefor solid-phase extrdction

(WAKO)

ammonia in methanol,
4 ml of methanol,
4 ml of water

Prdduct name Amount of | Sample Conditioning Washing solvents| Elution solvents
(Jupplier)? sorbents and pH solvents
particle size
Oalsis®WAX?2 150 mg, 30 um 3 4 ml of 0,1 % ammonia |4 ml of 25 mmol/]1 |4 ml of mpthanol,
Waters) in methanol; acetate buffer 4 mlof O, %
4 ml of methanol, (pH 4), ammonialin
4 ml] oftwvater 4 ml] of water methanol
Oasis®WAX?2 500 mg, 30 pm 3 10.mlof 0,1 % 10 ml of 25 10 ml of mmethanol,
Waters) ammonia in methanol, [mmol/] acetate 10 ml of 0,1 %
10 ml of methanol, buffer (pH4), ammonialin
4 ml of water 50 ml of water methanol
Presep®PFC-II2 | 60 mg, 30 um 3 4 mlof0,1% 4 ml] of water 4 ml of mpthanol,

4 mlofO,]l %
ammonialin
methanol

othe

2 ()asis®WAX and Presep®PFC-II are examples of suitable products which are commercially available. orbents from
suppliers may be suitable, but they have not been evaluated for use in this method. This information i
convenience of users ofthis document and does not constitute an endorsement by ISO of these products.

given for the

© IS0 2019 - All rights reserved
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Annex B

(informative)

Examples of suitable LC columns

This annex does not recommend the usage of any specific product.

A LC columnof performance at least equivalent to those given 1n 1able b.1 shall be used.

NOTE Examples of LC columns given in Table B.1 (listed in alphabetical order) are suitable for u§eywith this

document.

Table B.1 — Examples of suitable LC columns

Product?

Supplier

ACE®3 C18%4 3 pm, 2,1 mm x 150 mm

Advanced Chromatography Technologies Ltd

Betasil®C183?, 5 um, 2,1 mm x 50 mm

Thermo Electron

Luna®C183,|3 um, 2,0 mm x 50 mm

Phenomenex Inic:

Shodex®RSpak J]J-50 2D3, 2,0 mm x 150 mm

Showa Denko‘K.K.

Wakopac® Wakosil-11 3C18 RS3, 3 um, 2,0 mm x 150 mm

Wako Pfire*Chemical Industries Ltd.

a ACE®3|C18, Betasil®C18, Luna®C18, Shodex®RSpak ]J-50 2D and Wakopac® Wakosil-II 3C18 RS are examp]es of
suitable prodficts which are commercially available. LC columns from“ether suppliers may be suitable, but they have not
been evaluated for use in this method. This information is given for the convenience of users of this document and dogs not
constitute an pndorsement by ISO of these products

20

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=da9c8b22148a37ef8b6cdce814f8ec49

IS0 21675:2019(E)
Annex C
(informative)

Examples of suitable LC-MS/MS conditions

C.1 Chromatographic conditions for the chromatograms in Figure C.1

Equipment: Agilent® 1260a liquid chromatograph interfaced-withja
Sciex Triple Quad 45002
LC columna: Main column: Betasil®C182, 5 pm, 2,1 mm % 50 mm
Guard column: XDB®C83, 5 pm, 2,1 mmx12,5 mm
Injection volume: 5ul
Flow rate: 0,22 ml/min
Mobile phase: A:9:1 2 mmol/l aqueous ammanium acetate solution i) methanol
B: Methanol
LC Gradient program (% of B): 10% at 0,0 min, increase t0 50 % at 2,0 min, 100 % at 10,0 min and
keep at the level until.14,0 min, then revert to original gondition at
15,0 min
Column temperature: 30°C
Multiple draw injection 1. Draw 5\ulof sample
program: 2. Draw’10 pl of 2 mM aqueous ammonium acetate s¢lution
3. w(Unject
Type of equipment: Triple quadrupole
lonization: ESI negative
Mode: Multiple reaction monitoring (MRM)
MS Source temperature: 450 °C
Ion source gas 1: 70 psi
Ion source gas:2: 80 psi
Curtain gas: 35 psi
IonSprdy voltage floating: 3500V

a  Agilent 1260, }iquid chromatograph interfaced with a Triple Quad 4500, Betasil®C18 and XDB®C8 arg examples of
suitaple products/available commercially. This information is given for the convenience of users of this docugnent and does
not cpnstitutesan endorsement by ISO of these products.
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Figure C.1 — Chromatograms of PFAS, example 1
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C.2 Chromatographic conditions for the chromatograms in Figure C.2

Equipment: Agilent® HP11002 liquid chromatograph interfaced with a Micro-
mass Quattro Ultima PT?2
Main column: Shodex®RSpak JJ-50 2D?, 2,0 mm x 150 mm
LC columna:
Guard column: OPTI-GUARD®mini?, 1 mm x 15 mm
Injection volume: 10 pl
Flow rate: 0,3 ml/min
LC A: 50 mmol/l aqueous ammonium acetate solution in methanol
Molilo ok (nH 9
IVIUUIIC }JIIGD\' A\ J
B: Methanol
Gradient program (% of B): 80 % at isocratic condition
Column temperature: 40°C
Type of equipment: Triple quadrupole
lonization: ESI negative
Mode: Multiple reaction monitoring (MRM)
MS Capillary voltage: 1kv
[on source temperature: 120 °C
Desolvation temperature: 400°C
Cone gas flow rate: 601/h
Desolvation gas flow rate: 6501/h
NOTIE The ammonium acetate solution (50 mmol/}J\ (pH 9) is obtained by preparing th¢ ammonium

acetdte solution, and then adjusting it to pH 9 while adding aqueous ammonia.

a Agilent HP1100 liquid chromatograph interfaced with a Micromass Quattro Ultima Pt, Shodex®RSpak J]-50 2D and
OPTItGUARD®mini are examples of suitable products available commercially. This information is given for the
convenience of users of this document and does not*constitute an endorsement by ISO of these products.
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Figure C.2 — Chromatograms of PFAS, example 2
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Annex D
(normative)

Filtration and extraction of suspended matter in the sample

General

This
oper
whic
used
in th
Depd
filten
D.2
This

proc
the s

Reco
D.3
The 1

D.3.1]

D.4
The 4

D.4.]

htion and the method of extracting the target analyte remaining in suspended matter
h are applied when the sample contains a large amount of suspended matter.-THis mq
if the solid-phase extraction cartridge becomes clogged due to large amounts of suspe
e sample or sample containing more than 2 g/l suspended matter.

nding on local regulations, e.g. Ontario (Canada) Safe Drinking Water Act, samples
ed. Analysts should align the method according to local regulatory requirements.

Description of the method

method, which is to be performed after sample preparation as described in 9.1.2, co
bdure of suction-filtering the sample to remove the large amount of suspended matte

very, as described in Clause 12, should be-checked.
Reagents
eagent used should be as follows.

Methanol, in accordance with 6.6.

Apparatus

pparatus used should be as follows.

Filter; separation type.

D.4.2

annex specifies the method of removing the suspended matter from the sample throulgh filtration

on the filter,
thod can be
nded matter

may not be

hsists of the
s present in

ample, and the procedure of extraction on the suspended matter on the filter with methanol by
means of ultrasonic bath.

Filtering material, nylon or glass fibre filter, 1 pm to 10 ym in pore-size

D.4.3 Ultrasonic bath.

D.5

Procedure

The procedure shall be as follows.

a) Shake to homogenize the sample taken, disperse the suspended matters uniformly, then take the
whole amount thereof and filter it under reduced pressure by using the filtering materials which
has been cleaned with methanol.

b) Transfer the suspended matters retained on the filter material together with the filter into a
polypropylene bottle, add 5 ml of methanol and perform the extraction procedure three times by

© ISO

2019 - All rights reserved
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using an ultrasonic bath. Combine the eluates and evaporate with a gentle stream of nitrogen at a
maximum temperature of 40 °C until it has concentrated to e.g. 1 ml.

c) Add the methanol concentrated solution in b) to the filtrate in a) and carry out the procedure of
9.1.3,9.1.4 and 9.1.5. The methanol ratio to the combined samples should be less than 10 %.
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Examples of chromatographic separation of individual linear and
branched PFAS isomers

E.1 | Examples for selected diagnostic ions
See Table E.1.
Table E.1 — Examples for selected diagnostic ions used in the determination for lihear and
branched PFOS and PFOA isomers
Analyte Abbreviation Selectéd diagnostic ions m/z
Precurser Product Qualifier

Mla Mza M3a

Perfluoro-n-octanesulfonic acid PFOS 499 80 99

Perfluoro-1-methylheptanesulfonic acid 1-PFOS 499 419

Perfluoro-3-methylheptanesulfonic acid 3-PFOS 499 280

Perfluoro-4-methylheptanesulfonic acid 4-PFOS 499 230

Perfluoro-5-methylheptanesulfonic acid 5-PFOS 499 130 280

Perfluoro-6-methylheptanesulfonic acid 6-PFOS 499 80 99

Perfluoro-n-octanoic acid PFOA 413 369 169

Perfluoro-3-methylheptanoic acid 3-PFOA 413 369 169

Perfluoro-4-methylheptanoic acid 4-PFOA 413 119

Perfluoro-5-methylheptanoic acid 5-PFOA 413 219

Perfluoro-6-methylheptanoic acid 6-PFOA 413 369 169

a M1 is the precursor ion used to obtain the product ion. M, is used as the product ion for the quantitatjon. M5 can be

used [for identification.
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E.2 Chromatographic conditions for separation of linear and branched PFOS and
PFOA isomers in Figure E.1 and Figure E.2

Equipment: Agilent 12602 liquid chromatograph interfaced with a Sciex Triple
Quad 45002
Main column: Ascentis Express F5 PFP column?, 2,7 um,
2,1 mm x 100 mm
LC column?; -
Guard column: Ascentis Express F5 PFP guard column?, 2,7 um,
2,1 mm x5,0 mm
Injection volume: 5ul
Le Flow nate: 0,25 ml/min
i A: 20 mmol/l ammonium formate/20 mmol/l formic acid in water
Mobilg phase:
B: Methanol
Gradignt program (% of B): 10 % at 0,0 min and keep at the level until 1 min, increase to 60 %
at 3 min, 88 % at 20 min, 90 % at 20,5 min, then revert to origipal
condition
Columjn temperature: 30°C
Type df equipment: Triple quadrupole
lonization: ESI negative
Mode: Multiple reaction monitoring {MRM)
- Sourc¢ temperature: 500 °C
Ion sofirce gas 1: 60 psi
Ion sofirce gas 2: 60 psi
Curtain gas: 40 psi
IonSp1tay voltage floating: -4500V
a  Agilent 1P60 liquid chromatograph interfaced with a Sefex Triple Quad 4500, Ascentis Express F5 PFP colump and
Ascentis Exprjess F5 PFP guard column are examples of suitable products available commercially. This information is given
for the converlience of users of this document and does\iot constitute an endorsement by ISO of these products.
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Figure’E.1 — Chromatograms of linear and branched PFOS isomers
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Figure E.2 — Chromatograms of linear and branched PFOA isomers
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F1

Thispnnex gives an example of the sample preparation for a rapid method using direct injeet
withput filtration in Annex D or sample extraction by solid-phase extraction in 9.1. This)pro
not have sufficient data for method validation.

F.2

The reagent used should be as follows.
F.2.1] Methanol, in accordance with 6.6.

F.2.2| Spiking solution (internal standard substances),\in accordance with 6.9.6.

E3

The apparatus used should be as follows.

F.3.1] Vials, in accordance with 7.10.

F.4

The procedure shall be as follows.

ISO 21675:2019(E)

Annex F
(informative)

Rapid method by direct injection

General

Reagents

Apparatus

Procedure

The sample and spiking solution containing the internal standard substances (6.9.4
dllowed to equilibrate to room temperature before analysis.

Transfer e.g.250’ul of each sample to a vial (7.10). Then, add e.g. 50 ul of spiking solutio
the internalstandard substances (6.9.6) and e.g. 200 pl of methanol (6.6) to make the
of e.g. 500.41.

[ap“each sample vial, and thoroughly mix the sample solution.

ion analysis
cedure does

) should be

N containing
final volume

of the target substances lie within the calibration range of the instrument.

Analyse the direct injection samples using the routine method beginning with 9.2.

© IS0 2019 - All rights reserved
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Annex G
(informative)

Rapid method by online solid phase extraction LC-MS/MS

G.1 General

This annex [gives an example of the sample preparation for a rapid method using online solid™]

hase

extraction (OL-SPE) LC-MS/MS analysis without sample extraction by solid-phase extraetion in 9.1.

This procedure does not have sufficient data for method validation.
G.2 Reagents

The reagentjused should be as follows.

G.2.1 Methanol, in accordance with 6.6.

G.2.2 SpiKing solution (internal standard substances), in accordance with 6.9.6.

G.3 Apparatus

The apparatjus used should be as follows.

G.3.1 Sample tubes, in accordance with 7.6.

G.3.2 Syringe filters, with a glass fibre filter; 1 pm in pore size, made of inert non-leaching plastig, e.g.
polypropylehe or polyethylene housing.

G.3.3 Syripnges, made of inert nen-leaching plastic, e.g. polypropylene or polyethylene housing.

G.3.4 OL-S$PE columns, suitable for online solid phase extraction of the selected substances.

G.4 Procedure

The procedyre shall be as follows.

a) The sample-and spiking solution containing the internal standard substances {6.9.6} should be

allowed to equilibrate to room temperature before analysis.

b)

32

Shake to homogenize the sample take, disperse the suspended matters uniformly, and then take
16 ml of sample to a sample tube (7.6). Then, add 2 ml of methanol containing the internal standard
substances e.g. 2 ml of spiking solution containing the internal standard substances (6.9.6) to make
the final volume of 18 ml.

The syringe filter (G.3.2) connected to the syringe (G.3.3) is washed with methanol (6.6) before
filtration. Filter the sample solution prepared in b), using a syringe filter (G.3.2) connected to the
syringe (G.3.3) and collect the eluate into the sample tube (7.6). Suspended matter in the sample
collected on the syringe filter (G.3.2) are extracted with twice of 1 ml of methanol (6.6) and
collected eluate combined into the same sample tube (7.6).

© ISO 2019 - All rights reserved
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d) The volume of eluate in c) is adjusted to the 20 ml with methanol (6.6). The resulting OL-SPE sample
contains 20 % methanol.

e) e.g.1,5mlof OL-SPE sample in d) is injected into LC-MS/MS connected OL-SPE column (G.3.4).

f) Analyse the OL-SPE samples using the routine method beginning with 9.2. See G.5 for example for
instrumental and operation conditions.

G.5 Example of instrumental conditions for analysis of PFOS and PFOA using
online solid phase extraction LC-MS/MS in Table G.1

|
Equibment:

products.

Standalone Waters 515 pump connected to Waters Aeguity
TQD tandem spectrometer?
LiChrospher €82, 25 um, 4 x 25 mm
OL-SPE column?:
Polyclean 302H3, 4,0 x 15 mm Upti-Trap
LC columna: X-Bridge €183, 2,5 um, 2,1 mm x 50 mrh
Injection volume: 1,5 ml
LC Flow rate: 0,3 ml/min (with LC separation. column)
) ) Solvent: Methanol with 20 mmol/l ammonium acetate
Mobile phase for separation: - -
Water phase: Water witlh20 mmol/l ammonium acetatg¢
Water phase during loading: Water with a volumefraction of 1 % formic acid
Gradient program: See Table G.1
Column temperature: 40°C
Type of equipment: Tandem quadrupole
Ionization: ESI negative
Mode: Multiple reaction monitoring (MRM)
Capillary voltage: 3kV
Source temperature: 150 °C
MS |Desolvatation gas temperature 400 °C
(Nitrogen)
Desolvatation gas flow rate (Nitro- [8001/h
gen):
Curtain gas flow rate/{Nitrogen): 501/h
Reactant gas flowTate (Argon): 0,17 ml/min
a Standalone Watérs 515 pump connected to Waters Acquity TQD tandem spectrometer, LiChrospher C8,
Polyflean 302Hand X-Bridge C18 are examples of suitable products available commercially. This irfformation
is giyen for the convenience of users of this document and does not constitute an endorsement by I$0 of these
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Table G.1 — Example for operating conditions of gradients for loading, injection, analysis and
cleaning for analysis of PFOS and PFOA using online solid phase extraction LC-MS/MS

Time Water with | Water with Methanol Acetonitrile | Flow rate | Status of Pump
(min) volume 20 mmol/1 with OL-SPE
fraction of | ammonium | 20 mmol/l column
1 % formic acetate ammonium
acid acetate
(ml/min)
(LT

100 % 0% 2 10 0]y

2 100 % 0% 2 1M On
2,1 100 % 0% 0,3 1) On
2,2 30% 70 % 0% 0,3 16 On
2,8 30 % 70 % 0% 0,3 2(2) On
3,0 30% 70 % 0% 0,3 2(2) Off
10,8 30 % 70 % 0% 0,3 1M On
11 30% 70 % 0% 0,3 1M On
12 100 % 0,3 1M On
12,2 100 % 2 1) On
16 100 % 2 1 On
20 100 % 0% 2 1M On

(1) Status 1: Loading - Serial elution of injection loop and OL-SPEolumn eluate is discarded.
(@) Status 2: Analysis - Elution of OL-SPE column to detector.yia separation column.
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