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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Pharmaceutical ingredients are essential for human and animal health. Through application or improper
disposal, active pharmaceutical ingredients enter the water cycle unchanged or transformed. This can
happen via municipal waste water, treated at treatment plants. There, some active pharmaceutical
ingredients and transformation products cannot be removed completely from the waste water by
conventional treatment techniques. Active pharmaceutical ingredients and their transformation
products also travel through sludge to the soil and subsequently enter water bodies via leachate,
depending on the nature of the ground and the active ingredients. Active pharmaceutical ingredients
and their transformation products are therefore found in treated waste water, as well as in surface
Pectrometric
hsformation

products in the dissolved fraction.

© ISO 2018 - All rights reserved v
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Water quality — Determination of the dissolved fraction of
selected active pharmaceutical ingredients, transformation
products and other organic substances in water and
treated waste water — Method using high performance

liquid chromatography and mass spectrometric detection
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PELC-MS/MS or-HRMS) after directimjectiom

NING — Persons using this document should be familiar with normal labprato
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 andthealth prag

DRTANT — It is absolutely essential that tests conducted in accordance with thi
irried out by suitably qualified staff.

bcope

document specifies a method for the determination.ef the dissolved fraction of sel
maceutical ingredients and transformation products, as well as other organic
[able 1) in drinking water, ground water, surface water and treated waste water.

ower application range of this method can varydepending on the sensitivity of the equ
he matrix of the sample. For most compounds®oe which this document applies, the range ig
Finking water, ground water and surface water, and = 0,050 pg/1 for treated waste water|

method can be used to determine-further organic substances or in other types o

proc
cond
for

bss water) provided that accura€y:has been tested and verified for each case, and
itions of both samples and reference solutions have been validated. Table 1 shows the
hich a determination was tested in accordance with the method. Table E.1 provides

the determination of other organic substances.

'y practice.
ted with its
tices.

5 document

bcted active
substances

ipment used
>0,025pg/l

- water (e.g.
that storage
substances
examples of

Table 1 — Substancesfor which a determination was tested in accordance with this method
Common name Molecular Molar CAS-RNb
Chemical name (IUPAC?) formula mass
g/mol
4-Acptylamineantipyrine
C13H15N302 245,28 83-15-8
N-(2}3-Dimethyl-5-oxo-1-phenyl-3-pyrazolin-4-yl)acetamide
N4-A r‘nfy] sulfamethoxazaole
C12H13N304S 295,32 21312-10-7
N-{4-[(5-Methyl-1,2-oxazol-3-yl)sulfamoyl]phenyl}-acetamide
Diatrizoic acid (amidotricoic acid)
C11Ho9lI3N204 613,91 117-96-4
3,5-Bis(acetamido)-2,4,6-triiodobenzoic acid
Atenolol
(RS)-2-[4-[2-Hydroxy-3-(1-methylethylamino) propoxy]phenyl] C14H22N203 266,34 29122-68-7
ethanamide
a  [UPAC: International Union of Pure and Applied Chemistry.
b CAS-RN: Chemical Abstracts System Registration Number.
© ISO 2018 - All rights reserved 1
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Table 1 (continued)

Common name
Chemical name (IUPAC?)

Molecular
formula

Molar
mass

g/mol

CAS-RND

Bezafibrate

2-{4-[2-(4-Chlorbenzamido)ethyl]phenoxyl}-2-
methylpropanoic acid

C19H20CINO4

361,80

41859-67-0

Bisoprolol

(RS)-1-[4-(2-Isopropoxyethoxymethyl)phenoxy]-3-

C1gH31NO4

325,45

66722-44-9

isopropylam|ino-2-propanol

5H-Dibenzo

Carbamazejine

b,flazepine-5-carbamide

C15H12N20

236,27

298-44

A

Clarithromy

(2R,3R,4S,5H
(dimethylam
3,4-dihydrosy
dimethyl-ox
methyl-6-0x

Cin
,8R,9S5,105,11R,12R,14R)-11-[(2S,3R,4S,6R)-4-
ino)-3-hydroxy-6-methyloxan-2-yl]oxy-5-ethyl-
y-9-[(2R,4R,5S,6S)-5-hydroxy-4-methoxy-4,6-
hn-2-yl]oxy-12-methoxy-2,4,8,10,12,14-hexa-
hcyclotetradecane-1,7-dione

C38He9NO13

747,95

81103-11-9

2-(4-Chloroq

Clofibric acidl

henoxy)-2-methylpropanoic acid

C10H14ClO3

214,70

882-09-7

Dehydrato-H

(2R,3R,4S,59
droxy-6-met|
4-methoxy-4
thyl-6,15,16-

rythromycin (anhydro-erythromycin)
,8R,9S,10S,11R,12R)-11-{[4-(dimethylamino)-3-hy-
hyloxan-2-yl]oxy}-5-ethyl-3-hydroxy-9-[(5-hydroxy-+
,6-dimethyloxan-2-yl)oxy]-2,4,8,10,12,14-hexames
trioxatricyclo[10.2.1.1{1,4}]hexadecane-7-one

C37He5NO12

71591

23893-13-2

Diazepam

(RS)-7-Chlor
benzodiazep

-1-methyl-5-phenyl-1,3-dihydro-2H-1;4¢
ine-2-on

C16H13CIN20

284,74

439-14

1
21

Diclofenac
2-[2-[(2,6-Di

chlorphenyl)amino]phenyl]acetic acid

C14H11CI2NO2

296,15

15307-46-5

10,11-Dihyd
(55,65)-5,6-1

0-10,11-dihydroxy carbamazepine
Dihydroxy-5,6-dihydtebenzo[b][1]benzazepie-

11-carboxanpide

C15H14N203

270,29

58955-93-4

Erythromyc

6-(4-Dimeth
14-ethyl-7,17
dimethyl-ox
tetradecane

n

ylamino-3-hydroxy-6-methyl-oxan-2-yl)oxy-
,13-trihydroxy-4-(5-hydroxy-4-methoxy-4,6-
hn-2:yl)-oxy-3,5,7,9,11,13-hexamethyl-1-oxacyclo-
2,10~dione

C37He7NO13

733,93

114-07

]
(o]

4-Formylam

formamide

n Kblarrein
moeatrapyTrmc

N-(2,3-Dihydro-1,5-dimethyl-3-oxo-2-phenyl-1H-pyrazol-4-yl)

C12H13N302

231,25

1672-58-8

Gemfibrozil
5-(2,5-Chlor

ophenoxy)-2,2-methylpropanoic acid

C15H2203

250,34

25812-30-0

Ibuprofen

(RS)-2-[4-(2-Methylpropyl)phenyl]propanoic acid

C13H1802

206,28

15687-27-1

a  JUPAC: International Union of Pure and Applied Chemistry.
b CAS-RN: Chemical Abstracts System Registration Number.
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Common name
Chemical name (IUPAC3)

Molecular
formula

Molar
mass

g/mol

CAS-RNb

Iomeprol

(#£)-N,N"-Bis-(2,3-dihydroxypropyl)-5-[(2-hydroxy-acetyl)
methylamino]-2,4,6-triiodo isophthalamide

C17H2213N30g

777,09

78649-41-9

lopamidol
(S)-N,N'-Bis[2-hydroxy-1-(hydroxymethyl)ethyl]-5-[(2-hy-

C17H2213N303

777,08

60166-93-0

droxypropanoyl)amino|-2,4,6-triiodobenzene-1,3-dicarbamide

loprpmide

(#)-N,N"-Bis(2,3-dihydroxypropyl)-2,4,6-triiodo-5-
(2-mlethoxyacetamido)-N-methylisophthalamide

C18H24I3N30g

791,12

73334-07-3

Metgprolol

(RS)f1-(Isopropylamino)-3-[4-(2-methoxyethyl) phenoxy]
propan-2-ol

C15H25NO3

267,36

37350-58-6

Naproxen

(S)-2-(6-Methoxy-2-naphthyl)propanoic acid

C14H4403

230,26

22204-53-1

Oxazepam

(RS){7-Chloro-3-hydroxy-5-phenyl-1,3-dihydro-2H-1,4-
benzodiazepin-2-on

C15H11CIN202

286,71

604-75-1

Phenazone

1,5-Dimethyl-2-phenyl-2,3-dihydro-1H-pyrazol-3-on

C11H12N20

188,23

60-80-0

Primidone

5-Ethyl-5-phenylhexahydropyrimidin-4,6-dione

C12H14N202

218,25

125-33-7

Profyphenazone

1,5-Dimethyl-4-(1-methylethyl)-2-phenyl¥-1,2-dihydro-3H-
pyragzol-3-one

C14H18N20

230,31

479-92-5

Roxithromycin

(3R,4S,5S,6R,7R,9R,11S5,12R;13S,14R)-6-{[(2S,3R,4S,6R)-
4-(djmethylamino)-3-hydrexy-6-methyloxan-2-yl|
oxy}t14-ethyl-7,12,13-ttihydroxy-4-{[(2R,4R,5S,6S)-5-hy-
droxy-4-methoxy-4:6-dimethyloxan-2-yl|oxy}-3,5,7,9,11,13-
hexajmethyl-10-(2/4,7-trioxa-1-azaoctan-1-ylidene)-1-
oxaclyclotetradecane-2-one

C41H7¢N2015

837,05

80214-83-1

Sotalol

(RS)4/4(1-Hydroxy-2-isopropylaminoethyl)
methanesulfonanilide

C12H20N203S

272,36

3930-20-9

Sulfamethoxazole

4-Amino-N-(5-methyl-1,2-oxazol-3-yl)benzene-sulfonamide

C10H11N303S

253,28

723-46-6

Temazepam

(RS)-7-Chloro-3-hydroxy-1-methyl-5-phenyl-1,3-dihydro-2H-
1,4-benzodiazepin-2-one

C16H13CIN202

300,74

846-50-4

Trimethoprim

2,4-Diamino-5-(3,4,5-trimethoxybenzyl)pyrimidine

C14H1gN403

290,32

738-70-5

a  JUPAC: International Union of Pure and Applied Chemistry.

b CAS-RN: Chemical Abstracts System Registration Number.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 1042, Laboratory glassware — One-mark volumetric flasks

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

ISO 4796-2, Laboratory glassware — Bottles — Part 2: Conical neck bottles

ISO 5667-4, [Water quality — Sampling — Part 4: Guidance on sampling from lakes, natural and man-made
ISO 5667-5, [Water quality — Sampling — Part 5: Guidance on sampling of drinking water from\treatiment
works and piped distribution systems

ISO 5667-6, [Water quality — Sampling — Part 6: Guidance on sampling of rivers and streams

ISO 5667-10f Water quality — Sampling — Part 10: Guidance on sampling of waste(Waters

ISO 5667-11f Water quality — Sampling — Part 11: Guidance on sampling of gfoundwaters

ISO 8466-1| Water quality — Calibration and evaluation of analytiedl methods and estimation of
performance characteristics — Part 1: Statistical evaluation of the line@r'ealibration function

3 Terms
No terms an
ISO and IEC
ISO Onl

IEC Eleq

4 Princi

The water 9
determinati
spectromet])

5 Interfq

and definitions
d definitions are listed in this document.
maintain terminological databases for use-in standardization at the following address

ne browsing platform: available at https://www.iso.org/obp

tropedia: available at http://www.electropedia.org/

ple

ample is injected directly into the analysis system. The identification and quantit]
pon is performed using high performance liquid chromatography coupled with
'ic detection (HREC-MS/MS, HPLC-HRMS).

eIrences

ative
mass

5.1 During sample preparation

Loss of analytes can occur during filtration of the sample as a result of sorption.

5.2 During high performance liquid chromatography and mass spectrometry

Peak tailing, peak fronting and/or wide peaks are indications of a malfunctioning of HPLC and/or
interferences occurring during chromatography. However, some compounds tend to show more signal
tailing than others depending on the chromatographic conditions.

Interferences from accompanying substances (matrix) can occur in both positive and negative
ionization modes depending on the measured compound (e.g. diclofenac in negative ESI mode).

Accompanying substances (matrix) can affect the ionization of the target substances (e.g.ion suppression

or signal enhancement). This can result in underestimation or overestimation of concentration during

4 © ISO 2018 - All rights reserved
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quantification. These interferences can be detected and corrected for as needed using analyte recovery
(11.2 and Annex B) and/or internal standardization (10.3 and Table D.3).

6 Reagents

6.1 General

If available, reagents of purity grade “for analysis” or “for residue analysis” are used. The amount of
impurities contributing to the blank value or causing signal interference shall be negligible. This shall
be checked regularly (see 9.5).

Solvgnts, water and reagents intended for use as elution agents shall be compatible withh\HPL.C and mass
specfrometry.

NOTH High purity grades of solvent applicable for use are available commercially.

6.1.1 Water, complying with the requirements of ISO 3696, grade 1 or equivalent without any interfering
blank values.

6.1.2 Methanol, CH30H.

6.1.3 Acetonitrile, CH3CN.

6.1.4 Acetic acid, w(CH3COOH) = 100 % mass fraction.

6.1.3 Formic acid, w(HCOOH) not less than 98 %-mass fraction.

6.1.4 Ammonium acetate, w(CH3COONH4)not less than 99 % mass fraction.
6.1.7 Ammonium formate, w(HCOONH4) not less than 99 % mass fraction.
6.1.8 Sodium thiosulfate pentahydrate, Na;S;03-5H>0.

6.1.9 Operating gases for the mass spectrometer, in accordance with the specifications of the
instrpment manufacturer

6.1.10 Reference'substances, as listed in Table 1, with known mass fraction.

6.1.11 Intérnal standard substances, preferably isotope-labelled compounds of referencg¢ substances
(see [lable D.3).

The internal standards shall not lead to analyte interierences (see 9.o).
6.2 Preparation of solutions

6.2.1 General

Solutions of internal standard substances are needed only once calibration and evaluation have been
performed in accordance with 10.3 and 12.3.

Test the accuracy of the reference substance solutions against a control standard (see 6.2.9), e.g. during
calibration (see 10.1).

NOTE Reference substance solutions and internal standard substances are available commercially.

© IS0 2018 - All rights reserved 5
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6.2.2 Stock solutions (reference substances/internal standard substances)
Prepare solutions with a mass concentration of, for example, 0,1 mg/ml of each substance.

For this, use, for example, a 5 mg amount of a substance (6.1.10) in separate 50 ml volumetric flasks
(7.2), dissolve them in acetonitrile (6.1.3) or methanol (6.1.2), and then add solvent to solution until it
reaches the mark.

NOTE Alternatively, commercially available (or custom made) stock solutions of individual reference
substances (or internal standard substances) in organic solvent can be used for preparing further dilutions.

Store the solutions at temperatures below 15 °C and protected from light and evaporation. Under these
conditions they are stable for one year.

6.2.3 Intermediate dilution A (reference substances)
Prepare an ntermediate solution with substance mass concentrations of, for examplef4, pg/ml eagh.

This involvgs transferring, for example, 0,5 ml of each reference substance stock-soldtion (see 6.2)2) to
a 50 ml volymetric flask (7.2) and then making the solution up to the mark with-acetonitrile (6.1J3) to
the mark.

Store the so]ution at temperatures below -15 °C and protected from lightand evaporation. Under these
conditions if is stable for one year.

6.2.4 Intermediate dilution B (reference substances)
Prepare an jntermediate solution with substance mass concentrations of, for example, 50 ng/ml egch.

This involves transferring, for example, 0,5 ml of the.iitermediate dilution A (see 6.2.3) to a 10 ml
volumetric flask (7.2) and then making the solution up to the mark with water (6.1.1) to the mark.

Store the sqlution at between 2 °C and 8 °C and-protected from light and evaporation. Under these
conditions it is stable for one month.

Use the solution to spike analytes to the Samples to determine the recovery (see 11.2).

6.2.5 Intermediate dilution C (reference substances)
Prepare an jntermediate solution with substance mass concentrations of, for example, 5 ng/ml eagh.

This involves transferringy)for example, 0,25 ml of the intermediate dilution A (see 6.2.3) to a 30 ml
volumetric flask (7.2) and then making the solution up to the mark with water (6.1.1) to the mark.

Store the sdlution<at-between 2 °C and 8 °C and protected from light and evaporation. Under these
conditions i is.stable for one month.

6.2.6 Intermediate dilution D (internal standards)
Prepare an intermediate solution with substance mass concentrations of, for example, 1 pg/ml each.

This involves transferring, for example, 0,5 ml of each internal standard substance stock solution (see
6.2.2) to a 50 ml volumetric flask (7.2) and then making the solution up to the mark with acetonitrile
(6.1.3) to the mark.

Store the solution at temperatures below -15 °C and protected from light and evaporation. Under these
conditions it is stable for one year.

6.2.7 Intermediate dilution E (internal standards)

Prepare an intermediate solution with substance mass concentrations of, for example, 50 ng/ml each.

6 © ISO 2018 - All rights reserved
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This involves transferring, for example, 0,5 ml of the intermediate dilution D (see 6.2.6) to a 10 ml
volumetric flask (7.2) and then making the solution up to the mark with water (6.1.1) to the mark.

Store the solution at between 2 °C and 8 °C and protected from light and evaporation. Under these

cond

itions it is stable for one month.

Use the solution for generating calibration samples and for spiked samples.

6.2.8 Calibration samples

Prepare calibration samples from the corresponding dilutions of the intermediate dilution C (see 6.2.5).

For ¢
each

Prep
detel
0,25

This

1.1 dnn adnl. . d 1 d 1 q L 1.0 1 =l de o d 1
dllUT dUIUIT VWILIL dIl ITILCT IIdl StdlludIl'Uu kDCU 1VU.0]J, dp})l_y LIIT SAIIIT dIIIUUIIU Ul IIILCT IIdl 3
calibration sample.

are calibration samples, e.g. solutions in which the mass concentrations of the subs
'mined correspond to 0,025 pg/l and those of the internal standard substances co

pg/l (see 10.1).

involves transferring, for example, 50 pl of the intermediate dilution C (see 6.2.5]

volumetric flask, mixing 50 pl of the intermediate dilution E (see 6.2.7) @nd then making thg

to th

If po
exarn
drin]

NOTH
macr

Prep
verif]

6.2.9

The

e.g.
subs

e mark with, for example, water (6.1.1).

5sible, the composition of the calibration samples should b& similar to that of the s4
lined and shall not result in interfering peak broadening. When using calibration
xing, ground or surface water, ensure that the substanges to be determined are not prg

When calibration samples are prepared in ultfapure water, this can lead to lowe
blides. In these cases, the use of ultrapure water is natpreferred, but matrix matched calibrati

nre new calibration samples for each new<measurement sequence if their stabilit
ied.

Control standard

control standard is a reference substance solution produced independently of the sto
h solution from an alternative batch or manufacturer. The solution should contai
fances to be determined-

tandards to

tances to be
rrespond to

to a 10 ml
solution up

mples to be
samples in
sent.

r findings of
on instead.

7 cannot be

tk solutions,
n all of the

7 Apparatus

Equipment or partsvof equipment that come into contact with the water sample shall hgve no blank
valugs for the cOmpounds measured within this method. All equipment used should prefergbly be made
of glass, stainless steel or polytetrafluoroethylene (PTFE).

7.1 | Narrow-neck flat-bottomed bottles, preferably of brown glass conical joint with gldss stoppers,
e.g. |dbératerybettes,velume-of 250-mb-asperdS64796-2—NS256-

7.2 Volumetric flasks, nominal volume 10 ml, 25 ml, 50 ml, e.g. volumetric flasks, as per
ISO 1042 — A50-C.

7.3

Microsyringes.

7.4 Syringe filters, with low dead volume, e.g. diameter of 13 mm with a regenerated cellulose
membrane.

Filtration should not lead to significant losses of individual substances, and the type of filter used shall
be selected by testing this. Verify no contamination or significant loss from filtering by passing blanks
and reference substance solutions through the same filters.
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7.5 Sample vials, appropriate for the automated sample injector, e.g. crimp-top vial, nominal volume
1,5 ml with crimp cap and septum of rubber/PTFE.

NOTE

Sample vials of polyethylene (PE) can be used in an additional run to minimize losses of macrolides.

7.6 HPLC column, preferably with precolumn, suitable for chromatography of the selected substances.

See Annex C

for examples.

7.7 High performance liquid chromatograph, coupled to mass spectrometer, consisting of the

following.

7.7.1 Degpsser unit, e.g. vacuum degasser.

7.7.2 Analytical pumping systems, low-pulsation, suitable for binary gradient elution,

7.7.3 Manual or automated sample injector.

7.7.4 Appfaratus for thermostat control of the separation column, e.g. column thermostat.

7.7.5 Mass spectrometry detector (MS/MS, HRMS), preferably with-eléctrospray ionization (ESI).

8 Sampling

Take the samples in accordance with the specifications given in ISO 5667-4, ISO 5667-5, ISO 56/67-6,
ISO 5667-10[and ISO 5667-11.

Use flat-botfomed bottles (7.1) for sampling and fill the'bottles with the water to be examined.

When taking drinking water that may containlexidants, also add approximately 50 mg of sofdium
thiosulfatel])entahydrate (6.1.8) per litre.

Analyse the|water sample as soon as possible after it is sampled.

Store the sample at temperatures of{(3-% 2) °C, protected from light, for a maximum of three weeks.
NOTE If Jonger storage times,are-hecessary and/or in case of presumed or validated instability of individual
substances, sjuitable measures can-be implemented (e.g. preservation by freezing of samples).

9 Procedure

9.1 Genefal

The implemlentation-of the-method-dependson-the type of calibrationand the-measuresplanned to

recognize and, if necessary, correct for matrix effects.

9.2 Sample preparation

If the sample

is not visibly absent of particles, filter the sample through a syringe filter (7.4).

During filtration of the sample, sorption may cause loss of analytes, particularly hydrophobic substances
(e.g. macrolides). In this case, do not filter the sample before chromatography, but use an in-line filter as
an alternative to protect the separation column from particles.

When calibrating with an external standard (see 10.2), obtain an aliquot of the sample to determine the
recovery if necessary (see 11.2).
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When calibrating with an internal standard (see 10.3), add the internal standards so that the mass
concentrations of the internal standards in the sample are equal to those in the calibration samples
(see 6.2.8).

Take into account the dilution of the sample caused by the addition of reagents when calculating the
individual results (see 12.2) if it amounts to more than 1 %.

Monitor an early eluter, e.g. metformin (see Table E.1), in terms of retention time and peak shape. The
level of organic solvents in a prepared sample shall not result in any additional peak broadening.

9.3 High performance liquid chromatography (HPLC)

Operfate the HPLC instrumentation in accordance with the instructions provided by the malnufacturer.

Use a suitable HPLC column (Z.6) for chromatographic separation and optimize the/separation of the
analytes with gradient elution.

Seleqt the chromatographic conditions to achieve optimal sensitivity for mass spectrometric detection
(see Annex C for examples).

NOTE1 The use of gradient programmes with acetonitrile/water/acetictacid is advantageous$ in terms of
sensifivity for most substances.

NOTH 2 At the same linear flow rate of the eluent, columns with.a lower internal diameter dxhibit better
sensifivities than those with wider diameter.

Complete separation of the substances is not necessary, provided that interference of the guantitative
determination does not occur during peak overlapping:

The ghortest retention time shall correspond.to;a minimum of three times the HPLC column dead
volume time.

Use dhromatography to separate substanees that cannot be completely separated from each other using
specfrometry. In these cases, chromategraphic resolution R should be a minimum of R = 1,3.

Chodse an appropriate injection volume so that no interfering peak widening or interference of the
quarftitative determination oceur;

NOTE 3  Forlargerinjection velumes, e.g. 1 ml, column switching techniques with suitable enrichipent columns
is pogsible but is outside the\scope of this method.

Chedk retention time Standard deviation once during initial assessment. It shall not exceed |0,03 min for
six cpnsecutive ciromatograms.

9.4 | Detection

9.4.1 ““General

Operate the mass spectrometer in accordance with the manufacturer’s instructions and select the
correct settings for the device.

The ESI mode is typically preferred when ionizing substances. This usually produces quasi-molecular
ions of the type [M+H]* or [M-H] . In isolated cases, adduct ions, e.g. [M+NH4]* or [M+Na]*, can also be
formed under certain chromatographic conditions.

Most substances listed in Table 1 can be detected using the positive ESI mode. Substances that are to be
detected in the negative ESI mode can be analysed in a single run by switching polarity or tested in a
separate run (see Table D.1).

When performing simultaneous detection of negative and positive ions, choose switch times for
changing polarity that are short enough to preserve a sufficient number of data points.
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Each peak shall be registered with a minimum of eight data points.

Identify and set the method-specific settings for the source parameters and the MS parameters using
less sensitive substances, e.g. ibuprofen.

NOTE The signal is usually smoothed prior to peak integration. Depending on the algorithm used this
can result in a disproportionately high loss of signal intensity when the number of data points is too low.
Reproducibility of peak integration can also be affected, especially for low peak values and peak areas, if there
are too few data points.

Use chromatography to separate substances that cannot be completely separated from each other using
mass spectrometry (see 9.3).

9.4.2 Tandem mass spectrometry (MS/MS)

Identify the
substance i

Select the s
if possible.

Table D.1) f
avoid interf

optimal settings for ionization under the specified chromatographic conditions for
| positive or negative mode depending on its chemical properties.

ibstance-specific settings so that two product ions can be preserved for each subst
Dptimize a second mass transfer relative to the isotopic mass of,-fer example, 37Cl

erences during quantification in these cases, only use internal standards for whicl

each

ance
(see

br substances that fragment into only one detectable product ionh; if possible. In order to

n the

relative mol
are given in

ar masses are at least four mass units higher than those ofthe target substances. Exan
Table D.3.

hples

9.4.3 High-resolution mass spectrometry (HRMS)

When using m is

available at

a high-resolution mass spectrometer in full scan mode the complete mass spectrt
pach point in time during chromatography,

Ensure and check that mass accuracy (see 12.1) andvesolution are maintained over the mass area and

the entire chhiromatogram.

Select the r¢solution to achieve sufficient differentiation of matrix signals.

Set the mea htion

(see 12.1), if

buring method so that for each-analyte at least one product ion is retained for confirm
possible.

When selectling isotope-marked §tandards, ensure that the mass difference to the non-marked anallytes
is a minimum of three mass_utits in order to avoid any interferences with the isotope signals df the
analyte. Exgmples are given.itv Table D.3.

9.5 Blank value measurements

Perform blank yvalue measurements for the complete method on a regular basis to check there fis no

interferencd from either the instrument or the reagents.

Inject, for example, water (6.1.1) to perform the blank value measurements.

If interfering blank values occur (over 50 % of the lowest reporting level), identify the cause using
systematic examination and eliminate the sources of contamination.

10 Calibration

10.1 General

The calibration of the method of determination is to be performed under specified chromatographic
conditions. The retention times of the individual analytes and possibly of the internal standard
substances shall be determined beforehand. They can be determined by injecting multi-component
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mixtures, or solutions of individual substances using the mass of the product ions or the quasi-

mole

cular ions under the specified chromatographic conditions.

Proceed as follows.

measured signal and the concentration for each of the substances to be determined.

Design the complete method of determination to produce a linear relationship between the

For this, determine the linear working range of the instrument by injecting at least five calibration

samples (see 6.2.8) of various concentrations for each of the substances to be determined
(see ISO 8466-1).

~

The
quan
acco

I
q

]

q

|

The
conc
be te

Two
a)
b)

[(
[(

Inten
avail

Whe
leads
in T4
subs
devii
stan

Matn

gnd perform the calibration in accordance with ISO 8466:1.

elect a linear calibration range that covers the actual concentrations, e.g. a calibrat
,025 pg/l1to 1 pg/l for the examination of drinking, ground and surface water.

lowest concentration level within the calibration shall be higher or equal to {
tification. The identification of the detection limit and the limit of quantification are p
‘dance with documented methods, e.g. in accordance with ISO 8466-1.

‘or routine operation, it is sufficient to perform multiple-point calibration using af
oncentration levels.

‘or multiple-point calibration, distribute the concentration le€yels evenly over the calib

Keep the injection volume constant for calibration and-sample measurement.

calibration function determined for a particular substance is valid only for th
bntration range. It is also dependent on the operating status of the measurement syst¢
sted in each measurement series.

procedures are described for setting upcthe calibration functions:
alibration with external standard;
alibration with internal standard:

nal standard calibration(is*preferred and highly recommended where labelled st
able.

h examining drinking, ground and surface water, calibration with an external standaj

to results that will'not deviate by more than 25 % from their true value for most of thg
ble 1 without'corrections made by the recovery. There can be exceptions, especiall
Fances thatsexhibit low retention, e.g. some X-ray contrast agents, for which highei
itions cdn)occur due to matrix effects. In these instances, it can be necessary to
lards.(see 10.3) or corrections with sample-specific recovery (see 11.2).

ix-effects can occur, especially in treated waste water samples, and exert an interferi

on range of

he limit of
erformed in

least three

ration range

h

e applicable
bm and shall

hndards are

'd (see 10.2)
b substances
y with polar

systematic
1se internal

hg influence

througnout the further course of chromatography on the quantitative determination as a

supp

NOTE 1

ression or enhancement. The matrix effects can be lessened by diluting the sample.

result of ion

Performing correction using sample-specificrecovery (see 11.2) and applying internal standardization

(see 10.3) both increase the amount of deviation contributing to measurement uncertainty. The correction can
also result in artificially high values. To confirm the quantitative results, the method of standard addition can be
applied with several spiking steps.

Matrix effects can depend on the working conditions or the type and condition of the equipment, and
shall be identified, e.g. by determination of the recovery, when applying the method for the sample
types of interest. If possible, the composition of the calibration samples (see 6.2.8) should be similar to
that of the samples to be examined.

NOTE 2  Matrix effects can also be detected through post-column infusion of analytes or internal standards
over the complete time used for chromatography of the real samples based on a reduction in intensity.
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Table 2 gives an explanation of the subscripts used in the following formulae and text.

Table 2 — Definition of subscripts

Index Meaning
i identity of substance
j consecutive figure for pairs of values
e measuring variables for the calibration
a measuring variables for addition
I internal standard
M measurement solution
P sample
A addition

10.2 Calibration with external standard
Inject the cdlibration samples (see 6.2.8) to perform calibration.

Chart the caflibration function graphically. For this, plot the measurement values y;e for each substgnce i
on the y-axi$ and the corresponding mass concentration p;e on the x-axis:

Determine the reference function from the pairs of values yjej and\pjej by using linear regression given
in Formula (1):

Yie =bi | Pie +4; €y
where

Vie isthe measurement value (dependent variable) of the substance i during calibration as a
fungtion of pje, €.g. area unit;

b; isthe slope of the linear regression for the substance i (corresponding to the substance-
sperific response factor), e.g.(ahéa unit x litres per microgram (1/ug);

pie is the mass concentration (independent variable) of the substance i in the calibration sample,
in micrograms per litrefug/1);

a; isthe axis intercept/of the linear regression for the substance i on the ordinate, e.g. area uhit.

10.3 Calibfation with internal standard

The use of internal standards for quantitative analysis can compensate for the interferences thar: can
occur during mass spectrometric measurement (see Clause 5).

The internal standard shall not be contained in the water sample to be examined. It should exhibit
chemical similarities to the substance to be determined and should act like the substance to be
determined during filtration, chromatography and mass spectrometric measurement.

Use compounds as internal standards that are equal to substances under investigation, which are
structured with different isotopes, e.g. deuterated or 13C-marked compounds (see Table D.3).

Analytes for which no isotope-marked compounds are available may be evaluated using other internal
standards, if it has been ensured and documented that the analyte recovery calculated from addition in
the examined sample types is within the same range as the recovery of the selected internal standard.

To perform the calibration, inject calibration samples (see 6.2.8) that contain all of the substances to be
determined as well as the internal standards (6.1.11).
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To graphically display the calibration function for each substance i, plot the ratios of the measured
values yje/y1ie on the y-axis and the corresponding mass concentration ratios pje/pije on the x-axis.

Determine the reference function from the pairs of values yjej/yiiej and piej/pliej by using linear
regression given in Formula (2):

Jie =by; '&4“111 (2)
Ylie Plie
where

JYie seelormula (1);

Jiie is the measured value for the internal substance I of the substance i during galibration, e.g.
area unit;

pie see Formula (1);

f1ie is the mass concentration for the internal standard I of the substance i in the calibjjation
sample, in micrograms per litre (ng/1);

by; is the slope of the linear regression y;e/y1ie dependent ontheTatio pje/pije of the substance i,
dimensionless;

¢1; is the axis intercept of the linear regression on the-ordinate of the substance i, e.g. area unit,
dimensionless.

11 Calculation of recovery

11.1 General

Analyte recovery may provide indications of matrix influences. For example, these can be identified by
performing addition on the sample as'given in 11.2.

NOTHE 1 Correction performed™using the sample-specific recovery can result in higher imeasurement
unceftainty.

Whepn performing calibration and evaluation with an internal standard (see 10.3 ang 12.3), the
recoyeries of the internal standards are a measure to assess the validity of the instrumenital analysis.
They shall be determined in accordance with 11.3.

The §ample-specific recovery of the analyte or the recovery of an internal standard for the gnalyte shall
fall within the'ryange of 50 % to 150 %.

NOTE 2~ “Alow recovery results in a higher limit of quantification and higher measurement uncerainty.

11.2 Calculation of analyte recovery using samples

To determine the recovery, perform addition with the analyte on the sample, e.g. by adding 50 pl of the
intermediate dilution B (see 6.2.4) on 5 ml of the sample and then analysing the sample both with and
without addition over the course of the entire process.

The amount of the addition should be in the middle working range, e.g. 0,5 pg/1. The mass concentrations
of the analytes used in samples undergoing addition shall not exceed the calibration range. The sample
shall be diluted prior to addition if necessary.
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Calculate the recovery A;p for the substance i in the sample using Formula (3):

Ap = Piap — Pi f
Pia
where
Ajp isthe recovery for the substance i in the sample, in per cent (%);

(3)

pigp is the determined mass concentration for the substance i in the sample with addition of ana-
lyte, calculated using Formula (1), in micrograms per litre (ug/1);

pi  ist

analyte, calculated using Formula (1), in micrograms per litre (pg/1);

pian 1St

mifrograms per litre (ug/1);

[ ist

11.3 Recoyery of internal standards

Calculate thg recovery for internal standards using Formula (4):

P

[iM
Ajp=-T—f

where
Ajjp thed

pIiM is
mej

Plic Se€€

f  sed

12 Evalud

12.1 Verifi

When using

he determined mass concentration for the substance i in the sample without additioh

he added mass concentration for the substance i in the sample with addition of analyt

he conversion factor, here: f= 100, in per cent (%).

lie

recovery for the internal standard I of the substance i, in per cent (%);

he determined mass concentration for the internal standard I of the substance i in the
Asurement solution, in micrograms per litre (ug/1);

Formula (2);
Formula (3).

ition

cation efiindividual substances

an HPEC MS/MS method, a substance in a sample is considered to be verified if

(4)

a) inthe

Q/MQ rhrnm;l‘rngmm of the masstrace prndnrpd bhva prndnr"r ion of this subhstance, a s

ignal

is registered for which the retention time corresponds within a tolerance of 0,15 min with the
retention time produced by the corresponding reference substance under standard conditions, and

b) asecond product ion from the same precursor ion or from another precursor ion of this substance
is detected on a further mass trace in the same retention time, and

c) the intensities of the product ions are in a relationship to one another that corresponds to the
ratio for these ions determined for the reference substance under the standard conditions within
a tolerance of +30 %. This tolerance may be as large as 50 % at the lower application limit and
especially at the limit of quantification for this analysis method.

14
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When using an HPLC-HRMS method, a mass difference of 5 ppmb between the measured (accurate)
mass and the theoretical (exact) mass of the substance or the ion of the substance shall not be exceeded.
Under these conditions, a substance in a sample is considered to be verified if

— in the HRMS chromatogram of the mass trace produced by a quasi-molecular ion (or adduct ion) of

the substance, a signal is registered for which the retention time corresponds within a tolerance
of +0,15 min with the retention time produced by the corresponding reference substance under the
same conditions, and

— asignal from atleast one product ion from the substance is detected during the same retention time.

NOTE A prndnr‘f ion spectrum with exact massis h/pir‘nl]v attained when :applving HR MQI/MQ
The $ubstance is also considered to be verified if, instead of a product ion from the.subqtance being
dete¢ted in the HRMS chromatogram, the mass trace of an isotope of the quasi¢moelecylar ion, e.g.
37Cl,[81Br, is detected in the same retention time and its intensity ratio is within @tolerange of +30 %.
This|tolerance may be as large as 50 % at the lower application limit and eSpecially at|the limit of
quaritification for this analysis method.
For gnalytes with the same retention time and identical elemental composition, verification shall be
performed using a product ion. If these masses are also identical, chrematographic separgation of the
analytes is necessary.
If the criteria for verification are met only partially, e.g. with justohe product ion of sufficient intensity in
a HPLC-MS/MS method, a positive finding, if judged by a spegialist to be necessary, can be sypported by:
— 3pplying another ionization technique that would result in different ions, e.g. ESI negatfive or APCI;
— the retention time with a HPLC column of a different selectivity.
12.2 Calculation of the individual results using calibration with an external standard
Calcylate the mass concentration p;p of the substance i in the sample using Formula (5):
(yim—a;)
Pip =" f (5)
i Aip

wherre

pip  is the massieoncentration of the substance i in the sample, in micrograms per litte (ug/1);

Yim  is the measured value for the substance i in the measured solution, e.g. area unit

Ji see Formula (3) (only if using recovery for calculation);

dib; ™ see Formula (1);

Ajp  see Formula (3) and 10.1 (only if using recovery for calculation).

12.3 Calculation of the individual results using calibration with an internal standard

Calculate the mass concentration p;p of the substance i in the sample using Formula (6):

YiMm aj;
Y1iiM
Pip = lb “Prip (6)
Ii
where
1) Parts per million (ppm) is a deprecated unit, i.e. not accepted by the International System of Units, SI.
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pip see Formula (5);

ViM see Formula (5);

Yiim is the measured value for the internal substance I of the substance i in the measured

PI1ip

aij, by

solution, e.g. area unit;

is the predefined mass concentration for the internal standard I of the substance i in the

sample, in micrograms per litre (ug/1);

see Formula (2).

13 Expre;

The analysij

see ISO 113%

The mass cd
litre at two

EXAMPLES

s5sion of results

b results obtained when applying this document are subject to a measurementiuncertd
b2[1], that is to be considered in the interpretation of the results (see AnneXA).

ncentrations of the substances in accordance with Table 1 are indicated'in microgram|
bignificant figures.

atenolol: 0,091 pg/1
0,15 pg/l1
1,5 pg/l

14 Test report

The test rep|
a) thetest
b) identity
C) express
d) any devj

e) reportd(

ort shall contain at least the following information:

method used, together with a reference to this document, i.e. [SO 21676:2018;
of the sample;

ion of the results in accordance with Clause 13;

iation from this method;

f all circumstanees.that can have affected the results.

1inty,

s per

16
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Annex A
(informative)

Performance data

The performance data given in Tables A.2 to A.5 were determined in an interlaboratory trial for
validation carried out in Germany from 13 January 2014 to 31 January 2014 including four samples

(see
0,90
assig
samyj
mass
prev

Table A.1), which were spiked with analytes within a concentration range of 0,
ug/l. Some of the substances to be quantified were already present in the originals
ned values are based on the spiking of analyte and the initial level of pollutior’ of
les determined in the interlaboratory study. Of the 18 participating laboratdries, 16
spectrometry (MS/MS) and 2 used high-resolution mass spectrometry (HRMS), eac
ous sample filtration step. The evaluation was made in accordance with 1SO 5725-2(2]

Table A.1 — Characterization of the unfiltered interlaboratory study sampl

D35 g/l to
amples. The
the original
sed tandem
h without a

S

H

Waste water t
plant effl

Surface
water

Drinking water

Unit (two samples)

arameter

reatment
lent

pH V|

alue 8,2 8,0 8,0

TOC

mg/l <0,5 1,85 5,5

Cond

uctivity mS/m 67 37 94

Na

mg/ 35,8 24,1 106

Ca

mg/I 85,8 39,8 69,1

Tabld

s A.2 to A.5 contain the performance data.

The high recovery for diatrizoic acid in'beth drinking water samples (Tables A.2 and A.3) ¢

back

to the initial level of pollution inithe drinking water at a level of approximately 0,06 ug

hn be traced

/L.

The high recovery and Cyr forthe substances erythromycin, dehydrato-erythromycin, clafithromycin
and foxithromycin can be traeced back to the results from laboratories that have used calibration
solutlions prepared with ultrapure water.

Table A.2 —{Performance data for drinking water in the lower application rapge

Substarice l n 0 X ; n SR Cvr - Cyr

% pg/l pg/l % g/l % png/l %

4-Acptylaminoantipyrine 13 | 49 75 10,0350 0,0308 879 0,0046 | 15,0 | 0,0p13 | 4,1
NA-Aeendsulfamethoxazolel 16 61 0,0—-0,035-0-10,034-5 98,6 0,0053—115410;002 2 6,4
Diatrizoic acid 13 | 52 71 10,0350 0,0855| 244,3 0,0245 | 28,7 | 0,0056 | 6,5
Atenolol 16 | 60 0,0 {0,0350(0,0389| 1111 0,0067 | 17,2 | 0,0022 | 5,6
Bezafibrate 12 | 48 77 10,0350|0,0336 | 96,0 0,0035 | 10,4 | 0,0013 | 39
Bisoprolol 13 | 49 | 19,7 | 0,0350|0,0402 | 114,7 0,0047 | 11,8 | 0,0010 | 2,5
Carbamazepine 15 | 57 0,0 |0,0350|0,0354 | 101,1 0,0055 | 154 | 0,0015 | 4,3
Clarithromycin 13| 49 | 14,0 | 0,0350| 0,0364 | 104,1 0,0090 | 24,6 | 0,0013 | 3,6
Clofibric acid 14 | 53 70 10035000331 94,6 0,0042 | 12,8 | 0,0009 | 2,8
Dehydrato-Erythromycin | 11 | 44 8,3 10,0350|0,0449| 128,2 0,0151 | 33,6 | 0,0028 | 6,2
Diazepam 16 | 61 0,0 | 0,0350(0,0349| 99,7 0,0039 | 11,2 | 0,0017 | 4,8
Diclofenac 14 | 53 70 10,0350 |0,0362| 103,4 0,0043 | 11,8 | 0,0017 | 4,7
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Table A.2 (continued)

Substance I n 0 X ; n SR Cvr Sr Cyr
% g/l ng/l % g/l % Hg/l %

éi%'y 1(1105},‘ ?g’rg;;aigpllnl 13 | 49 | 14,0 |0,0350(0,0333| 951 | 0,0039 | 11,7 | 0,0019 | 56
Erythromycin 15| 57 | 6,6 |0,0350|0,0383| 1093 | 00103 | 26,8 | 0,0024 | 6,3
4-Formylaminoantipyrine | 16 | 60 | 0,0 | 0,0350|0,0353| 1009 | 0,0069 | 19,5 | 0,0016 | 4,6
Gemfibrozil 14 | 53 70 10,0350(0,0321| 91,8 0,0034 | 10,5 | 0,0016 | 5,0
Ibuprofen 11 | 41 0,0 {0,0350]0,0380| 108,4 | 0,0085 | 22,5 0,0030 4 78
Iomeprol 13 | 51 0,0 [0,0350|0,0372| 106,3 | 0,0084 | 22,6 | 0,0039%} 104
Iopamidol 12 | 48 77 10,0350(0,0374| 1070 | 0,0064 | 17,2 | 0,0043 | 11,4
lopromide 14 | 56 | 6,7 |0,0350|0,0376| 1073 | 00088 | 23,54 0,0028 | [75
Metoprolol 16 | 61 0,0 {0,0350|0,0401| 1144 | 0,0046 | 11,6~ 0,0017 | ®2
Naproxen 11 | 41 | 16,3 | 0,0350|0,0349| 998 0,0061 (17,3 | 0,0013 | B,6
Oxazepam 14 | 53 | 13,1 |{0,0350|0,0339| 96,7 0,0032~ 9,6 |0,0015| #3
Phenazone 16 | 61 0,0 {0,0350|0,0356| 101,7 | 0,0035 | 99 | 0,0017 | §#9
Primidone 15| 57 | 6,6 |0,0350(0,0347| 991 00034 | 9,7 |0,0021 | p,2
Propyphenagone 15 57 6,6 [0,0350|0,0360 | 1029 0,003 3 9,2 | 0,0013 3,5
Roxithromy¢in 8 29 | 12,1 |0,0350|0,0526| 15052 | 0,0220 | 41,8 | 0,0048 | P,2
Sotalol 15| 57 | 6,6 |0,0350|0,0368|.052 | 00051 | 13,8 | 0,0016 | #3
Sulfamethoxazole 12 | 48 | 14,3 | 0,0350 | 0,0335 95,6 0,0032 | 96 |0,0014 | #3
Temazepam 12 | 45 | 21,1 | 0,0350 | 0,0388 | 96,5 0,0035 | 10,5 | 0,0010 | P,8
Trimethoprim 16 | 61 0,0 {0,03500,0378| 1079 0,0045 | 119 | 0,0018 | H#7
l number of laboratories after outlier rejection
n number of individual test results after outlier rejection
0 percgntage of outliers
X convé¢ntionally correct (assigned) value of the test sample
; overdll mean of results (without outliers)
n recoyery
SR reprqducibility standapd deviation
Cyr  coeffjcient of variation of reproducibility
Sy repedtabilitystandard deviation
Cyr  coeffjcient of variation of repeatability

Table A.3 — Performance data for drinking water

Substance i n ) X N n SR Cvr Sy Cyr

% pg/l g/l % pg/l % pg/l %
4-Acetylaminoantipyrine 16 |60 | 1,6 | 0,0850 | 0,0715 | 84,2 | 0,0109 | 153 | 0,0029 | 4,0
N4-Acetyl sulfamethoxazole| 16 | 61 | 0,0 | 0,0850 | 0,0826 | 972 | 0,0081 | 98 | 0,0039 | 4,7

Diatrizoic acid 15 | 57| 0,0 0,0850 | 0,1541 |181,2| 0,0646 | 419 | 0,0084 | 5,5
Atenolol 15 | 57| 6,6 | 00850 | 0,0927 |109,0| 0,0157 | 16,9 | 0,0029 | 3,2
Bezafibrate 16 | 61| 0,0 0,0850 | 0,0793 | 93,3 | 0,0102 | 129 | 0,0035 | 4,4

NOTE For an explanation of symbols, see Table A.2.
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Substance I n o] X ; n SR Cvr Sr Cyr
% Hg/l g/l % Hg/l % Hg/l %
Bisoprolol 14 | 53| 13,1 | 0,0850 | 0,0955 | 112,4| 0,016 6 | 174 | 0,0024 | 2,6
Carbamazepine 14 | 53| 13,1 | 0,0850 | 0,0872 | 102,6 | 0,0116 | 13,3 | 0,0020 | 2,3
Clarithromycin 16 | 61| 0,0 0,0850 | 0,0940 | 110,6 | 0,0315 | 33,6 | 0,0055 | 5,8
Clofibric acid 14 | 53| 13,1 | 0,0850 | 0,0832 | 978 | 0,0096 | 11,6 | 0,0018 | 2,2
Dehydrato-Erythromycin 13 | 52| 71 0,0850 | 0,0931 |109,5| 0,0274 | 29,4 | 0,0072 | 77
Diazepam 16 | 61| 0,0 0,0850 | 0,0846 | 99,6 | 0,0106 | 12,6 |CB,P0O39 | 4,6
Diclgfenac 15 | 57| 6,6 0,0850 | 0,0887 |104,3| 0,0111 | 12,5 0,p027 | 3,1
10,11-Dihydro-10,11-| 15 | 57| 0,0 0,0850 | 0,0810 | 953 | 0,0102 | (12,6 | 0,p043 | 5,3
dihyflroxy carbamazepine
Erythromycin 15 | 57| 6,6 0,0850 | 0,0883 | 1039 | 0,024'6-| 279 | 0,037 | 4,2
4-Formylaminoantipyrine 13 (49| 19,7 | 0,0850 | 0,0860 | 101,1| Q0431 | 153 | 0,p022 | 2,6
Gemfibrozil 15 | 57| 0,0 0,0850 | 0,0786 | 92,5 40,0088 | 11,2 | 0,p030 | 3,8
Ibupjrofen 12 | 45| 8,2 0,0850 | 0,0866 | 1019 0,0112 | 13,0 | 0,050 | 5,8
Iomgprol 15 | 57| 0,0 0,0850 | 0,0883 41039 | 0,0160 | 18,1 | 0,069 | 79
lopamidol 12 | 45| 21,1 | 0,0850 | 0,077%| 91,4 | 0,0110 | 14,1 | 0,p040 | 5,2
loprpmide 14 | 53| 13,1 | 0,0850 | 0,0843 | 99,1 | 0,0121 | 14,3 | 0,p063 | 74
Metgprolol 15 | 56 | 8,2 0,0850 .|.@0936 | 110,1 | 0,0098 | 10,4 | 0,p029 | 3,1
Naproxen 13 [ 49| 14,0 | 0,0850Q0 T 0,0855 | 100,6 | 0,0127 | 149 | 0,029 | 34
Oxazepam 13 {49 | 19,7 | 0,0850 | 0,0821 | 96,6 | 0,0084 | 10,2 | 0,020 | 2,5
Phenazone 16 | 61| 0,0 90,0850 | 0,0858 | 100,9 | 0,0069 8,0 0,033 | 3,9
Prinjidone 15 | 57| 6,6 0,0850 | 0,0834 | 98,2 | 0,0097 | 11,7 | 0,p045 | 54
Propgyphenazone 15 | 57 |~6,6 0,0850 | 0,0865 | 101,7 | 0,0056 6,5 0,p031 | 3,6
Roxithromycin 16 | 61°| 0,0 0,0850 | 0,0807 | 949 | 0,0428 | 53,1 | 0,p068 | 8,5
Sotajol 13~49 | 19,7 | 0,0850 | 0,0885 | 104,2| 0,0089 | 10,0 | 0,p023 | 2,6
Sulfagmethoxazole 157 57| 6,6 0,0850 | 0,0801 | 94,3 | 0,0106 | 13,3 | 0,p038 | 4,8
Temazepam 15 | 57| 0,0 0,0850 | 0,0804 | 94,6 | 0,0079 9,8 0,043 | 54
Trimethoprim 13 {49 | 19,7 | 0,0850 | 0,0889 | 104,6 | 0,008 5 9,6 0,p027 | 3,0
NOTIE For an explanation of symbols, see Table A.2.
Table A.4 — Performance data for surface water
Substance I n 0 ; n SR Cvr Sr Cyr
% | ug/l | ng/l % ng/l | % ng/l | %
4-Acetylaminoantipyrine 14 53 (13,1 0,317 | 0,300 94,6 | 0,0394 | 13,1 | 0,0063 | 2,1
N4-Acetyl sulfamethoxazole 16 61 0,0 | 0,125 | 0,128 | 102,4 | 0,0141 | 11,0 | 0,0046 | 3,6
Diatrizoic acid 15 57 | 0,0 | 0,253 | 0,260 | 102,8 | 0,063 6 | 24,5| 0,0140 | 5,4
Atenolol 15 57 | 6,6 | 0,125 | 0,144 | 115,2 | 0,0222 | 15,4 | 0,0061 | 4,2
Bezafibrate 16 61 | 0,0 | 0,157 | 0,147 93,6 | 0,0163 | 11,1 | 0,0032 | 2,1
Bisoprolol 16 61 | 0,0 | 0,155 | 0,164 | 1058 | 0,0340 | 20,7 | 0,004 6 | 2,8
Carbamazepine 12 45 | 26,2| 0,179 | 0,180 | 100,6 | 0,0188 | 10,5 | 0,0029 | 1,6
Clarithromycin 15 57 | 6,6 | 0,125 | 0,163 | 130,4 | 0,0602 | 36,9 | 0,0062 | 3,8
NOTE For an explanation of symbols, see Table A.2.
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Table A.4 (continued)

Substance 1 n 0 X ; n SR Cvr Sr Cyr

% | ug/l | ng/l % ug/l | % ng/l | %
Clofibric acid 12 | 45 | 26,2| 0,125 | 0,120 | 96,0 | 0,0086 | 7,2 | 0,0018 | 1,5
Dehydrato-Erythromycin 14 56 | 0,0 | 0,125 | 0,166 | 132,8 | 0,0619 | 37,3 | 0,0116 | 7,0
Diazepam 15 57 | 6,6 | 0,125 | 0,121 96,8 | 0,0128 | 10,6 | 0,0025 | 2,1
Diclofenac 16 61 | 0,0 | 0,234 | 0,228 974 |0,0233 | 10,2 | 0,0054 | 2,4
10,11-Dihydro-10,11-] 4o | o5 L g9 lgoca | 5393 | 10861 6,096-8-1349-16:06741 2,5

dihydroxy carbamazepine ’ ’ ’ ’ ’ ’ ’ ’
Erythromycjn 14 53 (13,1 0,125 | 0,146 | 116,8 | 0,0433 | 29,7 | 0,005 6 ||3,8
4-Formylam|noantipyrine 16 61 | 0,0 | 0,376 | 0,382 | 101,6 | 0,061 1 | 16,0 | 0,000 7 ||2,8
Gemfibrozil 15 57 | 0,0 | 0,125 | 0,117 93,6 | 0,0126 | 10,8 | 0,003 4 ||2,9
Ibuprofen 11 | 41 | 16,3| 0,125 | 0,128 | 102,4 | 0,0209 |64 | 0,0048 ||3,7
Iomeprol 15 57 | 0,0 | 0,360 | 0,391 | 108,6 | 0,0773% 19,8 | 0,023 3 |[6,0
Iopamidol 15 57 | 0,0 | 0,297 | 0,296 | 99,7 | 0,056-6 | 19,1 | 0,014 9 ||5,1
lopromide 16 61 | 0,0 | 0,224 | 0,235 | 104,9,| 0,0335 | 14,2 | 0,0123 ||5,2
Metoprolol 15 57 | 6,6 | 0,288 | 0,292 | 10¥44 0,0317 | 10,9 | 0,0075 ||2,6
Naproxen 15 57 | 0,0 | 0,125 | 0,139 [.1%1,2 | 0,0115 | 8,3 | 0,0060 |(4,3
Oxazepam 15 56 | 8,2 | 0,125 | 0,138¢+/>»110,4 | 0,0191 | 13,9 | 0,0039 ||2,8
Phenazone 15 57 | 6,6 | 0,125 | 0,125 | 100,0 | 0,0099 | 79 | 0,0026 ||2,1
Primidone 13 | 49 | 19,7 | 0,125 | 0,136 | 108,8 | 0,0148 | 10,9 | 0,004 5 ||3,3
Propyphenafone 16 61 | 0,0 | 0,125« 0,123 98,4 | 0,0103 | 8,3 | 0,0027 ||2,2
Roxithromy¢in 16 61 | 0,0 | 0425 | 0,207 | 165,6 | 0,1370 | 66,2 | 0,012 4 |[6,0
Sotalol 15 57 | 6,68}.0,157 | 0,150 | 95,5 | 0,0145 | 9,6 | 0,0035 ||2,3
Sulfamethoxazole 14 53 |A3,17| 0,155 | 0,137 | 88,4 | 0,0220 | 16,1 | 0,002 7 ||2,0
Temazepam 14 53¢ 70 | 0,125 | 0,116 92,8 | 0,0140 | 12,1 |0,0042 ||3,6
Trimethoprim 16 6+ | 0,0 | 0,125 | 0,134 | 1072 | 0,0155 | 11,6 | 0,0039 |[2,9

NOTE For anjexplanation of symbols, see(Table A.2.
Table A.5+— Performance data for treated waste water
Substance 1 n 0 X = n SR Cvr Sr Cyr
X

% ng/l | mg/l | % Hg/l % ng/l || %
4-Acetylamipoantipyrine 14 53 | 13,1 1,306 | 1,135 | 869 | 0,1873 | 16,5 | 0,0234 ||2,1
N4-Acetyl sylfamethoxazole 16 61 0,0 0900 | 0,827 | 919 | 0,1329 | 16,1 | 0,0319 (|39
Diatrizoic acid 15 57 0,0 2,616 | 2,587 | 989 | 0,7031 | 27,2 | 0,1076 | 4,2
Atenolol 15 | 60 0,0 1,019 | 0935 | 91,8 | 0,2371 | 25,3 | 0,0269 | 2,9
Bezafibrate 15 57 6,6 0942 | 0912 | 96,8 | 0,1184 | 13,0 | 0,0317 | 3,5
Bisoprolol 14 53 | 13,1 1,034 | 1,039 | 100,4 | 0,1313 | 12,6 | 0,0227 | 2,2
Carbamazepine 16 61 0,0 1,603 | 1,592 | 99,3 | 0,746 | 11,0 | 0,0353 | 2,2
Clarithromycin 16 61 0,0 1,053 | 1,413 | 134,2 | 0,6310 | 44,7 | 0,0683 | 4,8
Clofibric acid 14 53 | 13,1 0,900 | 0,849 | 94,3 | 0,0973 | 11,5 | 0,0231 | 2,7
Dehydrato-Erythromycin 14 56 0,0 0,984 | 1,366 | 138,8 | 0,6036 | 44,2 | 0,0730 | 5,3
Diazepam 15 57 6,6 0,900 | 0,815 | 90,5 [ 0,0973 | 11,9 | 0,0245 | 3,0
Diclofenac 14 53 | 13,1 2,221 | 2,228 | 100,3 | 0,1930 | 8,7 | 0,0379 | 1,7

NOTE For an explanation of symbols, see Table A.2.
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Table A.5 (continued)
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Substance 1 n 0 X = n SR Cvr Sr Cyr
X
% ng/l | wg/l | % g/l % ng/l | %
gg'rtgr?li:;’g;i";o'l1'dihydr°"y 14 | 53 | 70 | 2,090 | 1968 | 94,2 [ 03252 | 16,5 | 0,0653 | 3,3
Erythromycin 15 57 6,6 0,950 | 1,141 | 120,1 | 0,4150 | 36,4 | 0,0385 | 3,4
4-Formylaminoantipyrine 14 53 13,1 1,445 1,439 | 99,6 | 0,1983 | 13,8 | 0,0285 | 2,0
Gemfibrozil 15 57 0,0 0900 | 0,805 | 894 | 0,1690 | 21,0 | 0,0290 | 3,6
Ibupirofen 12 | 43 8,5 0900 | 0,817 | 90,8 | 0,1776 | 21,7 |50J0259 | 3,2
Iomgprol 15 57 0,0 2,407 | 2,444 | 101,5 | 0,368 7 | 154 10J1075 | 4,4
Iopamidol 13 | 48 | 14,3 1,028 | 1,006 | 97,8 | 0,201 1 |,.20,0 | 0j0420 | 4,2
Ioprpmide 15 56 0,0 3,759 | 3,739 | 99,5 | 0,5753 |\ 15,4 | 0j)1209 | 3,2
Metgprolol 15 56 8,2 1,744 | 1,839 | 1054 | 0,233'0 | 12,7 | 00440 | 2,4
Naproxen 13 | 49 | 12,5 | 0957 | 0,860 | 89,8 |0,0772 | 9,0 | 0j0283 | 3,3
Oxazepam 15 56 8,2 0995 | 0,918 | 92,3\}-0,1332 | 14,5 | 0j0293 | 3,2
Phernazone 16 | 59 0,0 0,900 | 0,836 |,929 | 0,1061 | 12,7 | 0j0229 | 2,7
Prinjidone 16 | 61 0,0 1,162 | 1,106-\95,2 | 0,1697 | 15,3 | 0J0293 | 2,7
Propyphenazone 15 57 6,6 0,900 | 0,830 | 92,2 | 0,0796 9,6 0/0177 | 21
Roxithromycin 15 57 6,6 1,062 {1,866 | 175,7 | 1,0034 | 53,8 | 0]1143 | 6,1
Sotajol 16 | 61 0,0 1,141 1,055 | 92,4 | 0,2713 | 25,7 | 0J0352 | 3,3
Sulfgmethoxazole 14 | 52 8,8 1,104 | 0969 | 878 | 0,1986 | 20,5 | 0J0253 | 2,6
Temazepam 14 | 53 7,0 0,900 | 0,786 | 873 | 0,1315| 16,7 | 0j0204 | 2,6
Trimethoprim 16 | 61 0,0 0946 | 0873 | 92,3 | 0,1680 | 19,3 | 0J0195 | 2,2
NOTE For an explanation of symbols, see Table A2.
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Examples of recovery

Annex B
(informative)

Table B.1 — Recovery during filtration of calibration samplesc

Substance A1 Ar A3 Ay A P
4-Acetamiddantipyrine 100 101 98 99 99,5 1,B
N-Acetyl sulfamethoxazole 100 93 99 102 98,5 39
Atenolol 99 101 100 102 10055 1,B
Atorvastatina 84 83 87 83 84,3 2,p
Bezafibrate 98 94 100 100 98,0 29
Bisoprolol 91 92 94 90 91,8 1,9
Candesartar? 99 98 103 100 100,0 2,R
Carbamazepliine 103 104 108 102 104,3 2,b
Clarithromytfin 71 74 80 73 74,5 5,p
Clenbuterold 98 95 100 95 97,0 2,b
Clofibric acidl 97 94 97 95 95,8 1,6
Codeinea 96 101 100 99 99,0 2,
Dehydrato-grythromycin 64 66 70 62 65,5 5P
Desvenlafaxfinea 97 94 96 92 94,8 2,B
Diazepam 96 95 97 92 95,0 2,B
Diclofenac 108 101 101 100 102,5 3,b
Dihydrocodg¢inea 99 97 95 94 96,3 2,B
Dihydro-dihydroxy-carbamazepine 95 97 97 94 95,8 1,6
Erythromycjn 80 81 83 80 81,0 1.y
4-Formylam|noantipyrine 100 97 95 93 96,3 3,1
Fenofibric a¢ida 93 91 90 90 91,0 1,6
Furosemide 92 95 92 91 92,5 1,9
Gabapentin? 99 96 101 98 98,5 2,1
Gemfibrozil 90 91 91 91 90,8 0,6
Ibuprofen 99 97 99 97 98,0 1R
Indometacin? 95 97 93 91 94,0 YA
Losartana 100 105 102 103 102,5 2,0
Metformina 91 92 89 89 90,3 1,7
Metolprolol 95 101 98 96 97,5 2,7
Metronidazolea 103 105 104 104 104,0 0,8
A recovery (repeat measurements)b.

Ajr recovery for substance i during filtration, in per cent (%).

s standard deviation, in per cent (%).

a  Other substances in accordance with Table E.1.

b Data processed in accordance with Clause 10.

¢ Syringe filters, with low dead volume, diameter of 13 mm with a regenerated cellulose membrane.
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s sfandard deviation, in per ce

a ther substances in accor;

ce with Table E.1.

b Tpata processed in acco@nce with Clause 10.
¢ {yringe filters, withl

Ajr rpcovery for substance i during fiI@&idn, in per cent (%).

dead volume, diameter of 13 mm with a regenerated cellulose membrane.

Substance A1 A2 A3 Ay Air s
Moxifloxacina 84 85 83 82 83,5 1,5
Nadolola 9% 97 99 100 98,0 19
Naproxen 94 94 92 92 93,0 1,2
Oxazepam 95 94 91 91 92,8 2,2
Phenazone 93 96 99 93 95,3 3,0
Primidone 102 103 105 9 101,5 3,8
Propranetel2 107 106 105 104 1055 1,2
Progyphenazone 98 97 97 97 91,883 0,5
Ritalinic acida 9% 102 100 100 995 2,5
Roxithromycin 55 54 54 46 /\%5'2,3 8,0
Sotalol 101 103 104 97 P 101,3 3,1
Sulfgdiazinea 93 94 96 1000 | 958 3,2
Sulfddimethoxinea 105 104 106 | C103 104,5 1,2
Sulfdoxinea 90 88 86 = 87 87,8 1,9
Sulfdmerazinea 96 95 9/\ N 92 94,5 1,8
Sulfdmethazinea 96 95 oY 93 94,5 14
Sulfmethoxazole 98 95 |\ 97 96 96,5 13
Sulfgthiazolea 104 101, | 101 99 101,3 2,0
Temjzepam 93 9. | 95 94 94,5 14
Tranmpadola 98 53100 100 99 99,3 1,0
Trimlethoprim 101 97 103 104 101,3 3,1
Valsartana 106 | 104 107 102 104,8 2,1
Venlafaxinea R 95 96 94 95,3 1,0
A rpcovery (repeat measurements)b, . U\

~
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Annex C
(informative)

Examples of HPLC columns and chromatograms

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

Precolumn Ultra Cartridges C-18 ID 2,1 mm,

separation dolumn: Synergi Hydro-RP2 2,5 pm, 100 mm x 2 mm

Injection: 100 pl standard solution in drinking water, p = 0,1 pg/1

Mobile phas: A: 0,1 % acetic acid with 1 mmol ammonium acetate in water
B: 0,1 % acetic acid in acetonitrile

Gradient: 0 min to 2 min; 4 % B, isocratic; 2 min to 20 min: 4@"'B to 75 % B, linear;
20 min to 25 min: 95 % B, isocratic; 25 min to 35dnin: 4 % B, isocratic

Flow: 0,25 ml/min

Column temjperature: 40 °C
Pressure: 16 MPa at initial conditions

a Ultra Cartridges C-18, Synergi Hydro-RP are examples of suitable products available commerdially.
This informjation is given for the convenience ofsers of this document and does not constitufe an
endorsemerit by ISO of these products.
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Y 17
18
21
H
12 M,30
14
20 32
26
] 22 N,31
13] L15 9 2
16 L J
0 10 2
time, min E iopromide-D3
dignal intensity (ESI positive /negative) Ex(\sulfadiazine-D4
For ppak numbers 1 to 32, see Table C.1 G  trimethoprim-D9

netformin H phenazone-D3
gabapentin [ sulfamethoxazole-D4
tfitalinic acid ]  propranolol-D7
iopamidol-D3 K carbamazepine-D10
diatrizoic acid-D6 L bezafibrate-D4
ilomeprol-D3 M diclofenac-D4
dotalol-D6 N ibuprofen-D3

Figure C{1.>— Chromatographic separation, example 1, TIC chromatogram|
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C.2 Chromatographic conditions for the chromatogram in Figure C.2

Separation column: Kinetex EVO C182 100A (150 x 2,1 mm; 5 pm)
Injection: 40 ul

Mobile phase: A: water with 1 mmol/l ammonium acetate
B: methanol with 1 mmol/l ammonium acetate

Gradient: 5min 98 % A, 20 min 98 % A to 2 % A (linear),
Imin2%A, 1min2%Ato98 % A, 7 min 98 % A

Flow: 0,2 ml/min
Column temjperature: 40 °C
Pressure: 15 MPa at initial conditions

a  Kinetex EVO C18 is an example of a suitable product available commeépncially. This information is
given for the convenience of users of this document and does not congtitute an endorsement by I50 of
this product.
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3kl L AL ! | ol L 3L1 | !
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Key

X  time, min

Y relative signal intensity (ESI positive/negative)
For peak numbers 1 to 32, see Table C.1

Figure C.2 — Chromatographic separation and signal intensity for the quantification
transitions at 25 ng/1, example 2, MS/MS chromatograms
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C.3 Chromatographic conditions for the chromatogram in Figure C.3

Separation column:

Enrichment column:

Injection:

Mobite-phase:

Hypersil Gold C183,20 x 2,1 mm, 12 um

1 ml to the enrichment column (1 ml/min, 1 %MeOH addition)

1.0/ Mo 01

ACQUITY UPLC HSS T32 50 x 2,1 mm, 1,8 um (modified C18 material; Waters)

A-water-with-+H90-MeOH-0 -9 fermicacid
B: methanol with 0,1 % formic acid
Gradjfient: 1,3 min 99 % A, to 8 min to 5 % A to 12 min linear from 12 minto 13 min 99 % A
Flow: 0,6 ml/min
Column temperature: 30 °C
Pressure: 30 MPa at initial conditions
a A(QQUITY UPLC HSS T3, Hypersil Gold C18 are examples of suitable products available cqmmercially.
This|information is given for the convenience of users of thissxdocument and does not cpnstitute an
endofrsement by ISO of these products.
Y 21 Y 14
12 9 |17 59
g 10
4
24
L | L ] LA L1 L L L L
0 1 2 3 4 5% 7 8 X 1 2 4 5 6 7 8 X
Y 7 18 Y 1922 30
15
20 28
27
1l1 h\_MZS
L 1IN I\ | L | V |
0 1 2 3 4 5 6 7 8 X 1 2 4 5 6 7 8 X

Key
X  time, min

Y relative signal intensity (ESI positive /negative)

For peak numbers 1 to 32, see Table C.1

Figure C.3 — Chromatographic separation and signal intensity (+5 ppm mass accuracy) for the
quantification transitions at 125 ng/l, example 3, HRMS chromatograms
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