Journal Pre-proof

Summary recommendations on “Analytical methods for
substances in the Watch List under the Water Framework
Directive”

Robert Loos, Silwan Daouk, Dimitar Marinov, Livia Goémez,
Elena Porcel-Rodriguez, Isabella Sanseverino, Laurence Amalric,
Monica Potalivo, Elisa Calabretta, Martin Ferencik, Luisa
Colzani, Luisa DellaVedova, Luca Amendola, Mariateresa
Saurini, Francesco Digirolamo, Sophie Lardy-Fontan, Manfred
Sengl, Uwe Kunkel, Ola Svahn, Stefan Weiss, Stefano De Martin,
Vito Gelao, Michele Bazzichetto, Peter Tarabek, Drazenka
Stipanic¢ev, SiniSa Repec, Dzintars Zacs, Marina Ricci, Oksana
Golovko, Cintia Flores, Sheriban Ramani, Riin Rebane, Juan
Alandez Rodriguez, Teresa Lettieri

SCience OF THE
Total Environment

PII: S0048-9697(23)07335-7

DOLI: https://doi.org/10.1016/j.scitotenv.2023.168707
Reference: STOTEN 168707

To appear in: Science of the Total Environment

Received date: 22 May 2023

Revised date: 16 November 2023

Accepted date: 17 November 2023

Please cite this article as: R. Loos, S. Daouk, D. Marinov, et al., Summary
recommendations on “Analytical methods for substances in the Watch List under the Water
Framework Directive”, Science of the Total Environment (2023), https://doi.org/10.1016/

j.scitotenv.2023.168707

This is a PDF file of an article that has undergone enhancements after acceptance, such
as the addition of a cover page and metadata, and formatting for readability, but it is
not yet the definitive version of record. This version will undergo additional copyediting,
typesetting and review before it is published in its final form, but we are providing this
version to give early visibility of the article. Please note that, during the production


https://doi.org/10.1016/j.scitotenv.2023.168707
https://doi.org/10.1016/j.scitotenv.2023.168707
https://doi.org/10.1016/j.scitotenv.2023.168707

process, errors may be discovered which could affect the content, and all legal disclaimers
that apply to the journal pertain.

© 2023 Published by Elsevier B.V.



Summary recommendations on “Analytical methods for substances in the Watch List under
the Water Framework Directive”

Robert Loos', Silwan Daouk? Dimitar Marinov?, Livia Gémez', Elena Porcel-Rodriguez®, Isabella
Sanseverino®, Laurence Amalric®, Monica Potalivo®, Elisa Calabretta®, Martin Ferendik’®, Luisa Colzani®,
Luisa DellaVedova®, Luca Amendola®, Mariateresa Saurini®, Francesco Digirolamo®, Sophie Lardy-
Fontan'!, Manfred Sengllz, Uwe Kunkel®, Ola Svahn®?, Stefan Weiss'*, Stefano De Martin®®, Vito Gelao®,
Michele Bazzichetto®, Peter Tarabek', Drazenka Stipani¢ev'’, Sinisa Repec'’, Dzintars Zacs'®, Marina
Ricci®®, Oksana Golovko?, Cintia Flores®*, Sheriban Ramani?, Riin Rebane®, Juan Aldndez Rodrl'guez24
and Teresa Lettieri®’

'European Commission, Joint Research Centre (JRC), Ispra (VA) - Italy

’Swiss Water Association (VSA), Switzerland

*ARHS Developments S.A., Luxemburg

*piksel s.r.l., Italy

>BRGM, French Geological Survey, France

®|SPRA, Italian Environmental Protection Agency, Italy

"Povodi Labe, statni podnik, Czech Republic

®Institute of Environmental and Chemical Engine. ving, University of Pardubice, Czech Republic
’ARPA Lombardia, the Regional Environmenta' Protection Agency-Lombardy Region, Italy
YARPA Lazio, the Regional Environme=*al >r tection Agency-Lazio Region, Italy

“French Agency for Food, Environt 1er.*al and Occupational Health & Safety (ANSES), France
Bavarian Environment Agencv (Li"Y), Germany

BKristianstad University, MoLa. Sweden

“Federal Environment Age. vy, Umweltbundesamt (GmbH), Austria

ARPA FVG, the Regional Environmental Protection Agency-Friuli Venezia Giulia Region, Italy
Water Research Institute (VUVH), National Water Reference Laboratory, Slovakia

17Josip Juraj Strossmayer Water Institute, Central Water Laboratory, Croatia

| nstitute of Food Safety, Animal Health and Environment "BIOR", Latvia

19European Commission, Joint Research Centre (JRC), Geel, Belgium

2Department of Aquatic Sciences and Assessment, Swedish University of Agricultural Sciences (SLU),
Sweden

?Mass Spectrometry Laboratory/Organic Pollutants, Institute of Environmental Assessment and Water
Research (IDAEA-CSIC), Spain



2Hydrometeorological Service, North Macedonia
2Estonian Environmental Research Centre, Estonia

**Area de Vigilancia y Control de Calidad de las Aguas, Ministerio para la Transicién Ecoldgica y el Reto
Demogrifico, Spain

" Author to whom all correspondence should be addressed: E-mail: teresa.lettieri@ec.europa.eu

Abstract

The Watch List (WL) is a monitoring program under the European W xter ‘ramework Directive (WFD) to
obtain high-quality Union-wide monitoring data on potentia’ w.ter pollutants for which scarce
monitoring data or data of insufficient quality are available. Th«: m.!:. purpose of the WL data collection
is to determine if the substances pose a risk to the aquatir. c.>visonment at EU level and subsequently
to decide whether a threshold, the Environmental Quality >.~nuards (EQS) should be set for them and,
potentially to be listed as priority substance in the WWFL. The first WL was established in 2015 and
contained 10 individual or groups of substances whil. “ne 4™ WL was launched in 2022. The results of
monitoring the substances of the first WL sh~vel that some countries had difficulties to reach an
analytical Limit of Quantification (LOQ) below r ¢ gual to the Predicted No-Effect Concentrations (PNEC)
or EQS. The Joint Research Centre (JR") of ti.~ European Commission (EC) organised a series of
workshops to support the EU Member Sta.=s (MS) and their activities under the WFD. Sharing the
knowledge among the Member States o1 ...e analytical methods is important to deliver good data
quality. The outcome and the discussic~ engaged with the experts are described in this paper, and in
addition a literature review of thc. most important publications on the analysis of 17-alpha-
ethinylestradiol (EE2), amoxicili..~ carofloxacin, metaflumizone, fipronil, metformin, and guanylurea
from the last years is presented.

Keywords: Limit of Quantification (LOQ); water sample; analytical method; technical guidance;
partitioning



1. Introduction

The Watch List (WL) under the European Water Framework Directive (WFD) is a mechanism for
obtaining high-quality Union-wide monitoring data on potential water pollutants for which scarce
monitoring data or data of insufficient quality are available. The main purpose of the WL data collection
is to determine the risk which the substances pose to the aquatic environment at EU level and to decide
whether Environmental Quality Standards (EQS) should be set for them (EU, 2013). Therefore, high
quality measurements are expected from the Member States (MS) meaning that the monitoring
methods shall be validated and reach the stated method quantification limits.

The first WL was established by Commission Decision 2015/495 (EU, 2015) and contained 10 individual
or groups of substances. The results of monitoring the substances of the first WL (Loos et al., 2018a)
showed that some countries had difficulties to reach an analytical Limit . Quantification (LOQ) below or
equal to the Predicted No-Effect Concentrations (PNEC) or EQS for ¥ ou* or the 17 WL substances (17-
alpha-ethinylestradiol, 17-beta-estradiol, azithromycin, imidaclopri~ a. < methiocarb).

For this reason, the Joint Research Centre (JRC) of the Europe:n C~~.mission (EC) created a knowledge
platform around the experts to provide support to the EU M.c muor States and their activities under the
WEFD. To do so, the JRC organised a series of workshops an.' th:ir follow up focused on the substances
listed in the WL and their measurements. MS experts came .ogether to share their experience and
knowledge on analytical methods for the existing prd b.eniatic and new WL substances, to identify the
obstacles in developing methods that meet the re *uired PNEC or EQS, and to collaborate in method
development by sharing technical details ar t information on method validation. In addition, the JRC
technical workshops facilitated MS experts to openly discuss and exchange opinions about good
analytical practices through which actions to - improvement by learning from each other were proposed.
Laboratory experts also discussed the pciss.L "ty to facilitate the analysis of the WL substances for other
MS.

Before the 1* workshop in 2018, e JnZ distributed a questionnaire to the participating laboratories in
order to gather information abo.t wne analytical methods applied and the LOQ achieved for these
substances. The answers t~ tr,> questionnaire and a full detailed workshop report are published
separately (Loos et al., 701 h).

The workshop in 2018 was ittended by 35 experts from 21 countries (EU Member States and Iceland,
Switzerland and Turkey; the participants list is provided in the Sl). During this first workshop, the
discussion focused mainly on the analytical methods for 5 substances from the 1* WL (see above), which
were already identified with difficulties to reach the relevant LOQ (Loos et al., 2018a), as well as, on the
methods for 3 new WL substances (amoxicillin, ciprofloxacin and metaflumizone), which were expected
to show an EU-wide concern. Indeed, the latter have been included in the second WL (EU, 2018; Loos et
al., 2018a), since the WL is being revised every two years in accordance with the EQS Directive (EU,
2013).

Moreover, in 2022, two additional online workshops were organised. During these workshops “Sharing
knowledge on analytical methods for substances in the 4™ Watch List under the Water Framework
Directive” held in September and October 2022, a specific focus was put on the analysis of fipronil,



metformin and its transformation product guanylurea, which were included in the 4™ wi (EU, 2022a).
The participants shared their knowledge regarding the methods used to monitor them in water.

The workshop in 2022 was attended by 65 experts from 20 countries (EU Member States, Switzerland,
North Macedonia and Turkey; participants list in the SI).

The outcome and discussion points of these workshops are described in the following sections.

2. Analytical Methods

2.1. 17-alpha-Ethinylestradiol (EE2)

For the first WL, the most challenging substance to analyse was 17-alpha-ethinylestradiol (EE2) with its
very low EQS value of 0.035 ng/L. In the new WFD Commission revis on proposal, this EQS has been
lowered to 0.017 ng/L (EU, 2022b). Five countries have reported fc. £.?2 LOQ < EQS (0.035 ng/L), and
other four countries a close LOQ (0.05 - 0.1 ng/L) (Loos et »' 27.8a). However, the workshop
participants stressed that the analysis of EE2 at ultra-trace levls ic complicated and work intensive
because an efficient clean-up procedure (silica, florisil, aminoorc 2yl, or gel permeation chromatography,
GPC) and a very clean and sensitive liquid chromatograp® / tn,)le quadrupole mass spectrometry (LC-
MS/MS) instrument are obligatory. Selective extraction, acdit, ~nal clean-up and efficient LC separation
are important for the analysis of estrogens, because rr at’ ix effects can cause a loss in sensitivity. Overall,
many different analytical strategies, including ssmp.. extraction, clean-up and determination are
applied in the countries. Analytical technigi'es 'mployed for EE2 are mainly based on solid-phase
extraction (SPE) (with online- or off-line SPE ca.*.idges or off-line SPE disks) followed by LC-MS/MS, but
also liguid-liquid-extraction (LLE) and GC-*1S/MS (gas chromatography) after derivatization are used.
Reviews on analytical methods have bee.: ,>ib..shed by Tomsikova et al. (2012) and Loos (2015), and on
the occurrence in environmental samole: by Du et al. (2020). Table 1 gives a summary on selected
analytical methods for EE2 includin, extiaction, clean-up, detection, and LOD(Q). The optimization of
the sample preparation is impori .t tor reducing matrix interferences and plays a significant role in
enhancing sensitivity of analytic~l procedures for the determination of steroid hormones in
environmental matrices. In >c 'erui studies, derivatization improved the sensitivity of LC-MS detection
because steroid estrog..>s "e »veak acids and their ionization on ESI (electrospray ionization) and APCI
(atmospheric pressure cheinical ionization) are not very efficient compared with other more polar
chemicals. Chemical derivatization can add on moieties improving ionization and enhance signals.
Disadvantageous is the higher work intensiveness. On-line SPE is more straight forward, less sample
volume is needed, but off-line SPE is more robust. The lowest LOQ reported in the literature for EE2 is
0.035 ng/L (equal to the annual average EQS) (Barreca et al., 2019; Mirmont et al., 2021). Barreca et al.
(2019) have developed a two-step off-line-SPE (water volume: 1L) followed by an on-line SPE LC-MS-MS
method, and Mirmont et al. (2021) have applied C18 SPE disk extraction of 1 L water, LC-NH, SPE (500
mg) clean-up, and dansyl derivatization LC-MS-MS analysis. Dansylated derivatives are analysed in
positive ionization mode which increases sensitivity by 1-2 orders of magnitude.

The workshop participants from Austria (AT) and Sweden (SE) reported that in order to reduce the
matrix effect it is better to inject a very small volume of sample extract (AT: 2 pL; SE: 10 uL). In addition,
it was reported by the Czech Republic (CZ) that the less intensive, but more specific MS/MS transition
(295.2 > 267.0) is better for real water samples because of less co-elution from matrix substances. The
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usage of an isotopically labelled internal standard added before extraction has significant positive effect
on precision and accuracy. No agreement on the use of ammonia in the HPLC eluent (used by AT and CZ)
could be made, because SE has found a better ionization without ammonia (Svahn and Bjorklund, 2016).
It was reported by Latvia that by applying SPE sample preparation and detection with GC-MS/MS it is
possible to reach LOQ < EQS, although a laborious derivatization procedure should be applied before the
instrumental analysis.

Lardy-Fontan et al. (2018) developed and validated in real matrix (with high suspended particulate
matter (SPM) content) a two-step solid-phase extraction (aminopropyl SPE clean-up) LC-MS/MS method
for estrone (E1), 17-beta-estradiol (E2), and EE2. LOQ of the method were 0.4 ng/L for E1 and E2 and 0.1
ng/L for EE2. The developed method was successfully implemented to monitor French inland surface
waters contamination by E1, E2 and EE2, and the survey revealed a chr.oriic state of contamination by E1
and significant one by E2 and EE2 (15 % quantification rate). Maximi’..- mcasured concentrations were
above PNEC concentrations (0.23 ng/L for EE2), indicating potential ri.% to vard the environment.

Deich et al. (2021) analysed surface water samples from the _~ut!, China Sea near the Pearl River
Estuary by SPE-LC-MS/MS (1L water; C18ec cartridge; LOQ 0.f ny/L). The maximum EE2 concentration in
proximity to the coast was 0.6 ng/L.

Solaun et al. (2021) analysed emerging WL substance- ii. wasie water treatment plant effluents and
receiving transitional and coastal water bodies of the Fas/;ue coast (N-Spain) by on-line SPE-LC-MS/MS
(water sample volume 50 mL) and achieved for F=2 .~ LOQ of 0.116 ng/L. EE2 was not detected.

Mirmont et al. (2021) developed a multi-resiu . analytical procedure for the quantification of several
natural and synthetic steroid hormones ‘n whoie surface water samples. Extraction of 1L water is
performed with a C18 SPE disk follower. v ('san-up of the extracts by NH,-SPE (500 mg, 6 mL) and
dansylation derivatization before LC-MS M'; analysis. The reported LOQ for EE2 is 0.035 ng/L. The
method was applied to real sample- of (e Rivers Meuse, Ourthe, Lesse, and Sambre in Belgium, and
EE2 was not detected, but E1, E2, . nd E (estriol) at < 1 ng/L.

Borrull et al. (2020) included E~2 in .. multi-compound direct injection (500 pL filtered water sample) on-
line SPE LC-MS/MS analytici 1. euiod for 34 priority and emerging pollutants in water, and obtained for
EE2 and LOQ of 5 ng/L.

Lu et al. (2023) conducted 2 pharmaceuticals monitoring program in the Jiaozhou Bay (Qingdao, China).
Analysis was performed by SPE-LC-MS/MS (1L water; Oasis HLB). The LOQ for EE2 is not given, but it was
detected in river, bay and coastal water samples with maximum concentrations of 11 ng/L.

2.2. Amoxicillin and ciprofloxacin

The antibiotics amoxicillin and ciprofloxacin are usually analysed in multi-compound analytical methods
based on off-line SPE followed by LC-MS/MS (Arun et al., 2022; Ben et al., 2020; Biel-Maeso et al., 2018;
Boger et al., 2021; Cui et al., 2018; Fonseca et al., 2020; Fu et al., 2022; Gros et al., 2013; Jiang et al.,
2023; Kairigo et al., 2020; Li et al., 2018; Mirzaei et al., 2017; Wang et al., 2023; Zhou et al., 2022).
However, amoxicillin is less frequently included in these multi-residue analytical methods (Biel-Maeso et
al., 2018; Boger et al., 2021; Gros et al., 2013; Ismail et al., 2019; Kairigo et al., 2020; Li et al., 2018;
Mirzaei et al., 2017). One reason for this is that it is, due to its polar nature, less well extracted with
conventional SPE absorber materials, resulting in low recoveries (Cha et al., 2006; Fabregat-Safont et al.,
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2021). The achievement of the respective PNEC of 0.078 pg/L for amoxicilin and 0.089 pug/L for
ciprofloxacin is usually not a problem, with the exception of the work of Boger et al. (2021) for
amoxicillin (LOQ: 200 ng/L). Cha et al. (2006) developed a SPE LC-MS/MS method for B-lactam
antibiotics in water (200 mL water; EDTA addition) but observed recovery problems for amoxicillin.

Also four on-line SPE LC-MS/MS methods for antibiotics are reported in the literature, with LOQ of 2
ng/L for ciprofloxacin (injection volume: 5 mL) (Shen et al., 2022) (LOD: 2.3 ng/L; injection volume: 9.8
mL; Pozzo et al. (2006)), and 3.3 and 39 ng/L for ciprofloxacin and amoxicillin, respectively (injection
volume: 900 pL) (Tuc Dinh et al., 2011), and LOQ of 5 and 2.5 ng/L for ciprofloxacin and amoxicillin
(injection volume: 500 pL), respectively (Borrull et al., 2020).

Boix et al. (2014) presented a rapid analytical method for 40 drugs (amoxicillin and ciprofloxacin not
included) based on direct sample injection of water samples (100 pL) w.." LC-MS/MS; reported LOQ are
around 3 ng/L.

Fabregat-Safont et al. (2021) developed a rapid and robust d'rec. injection LC-MS/MS method for
amoxicillin in surface water (together with other six related pen cil..: antibiotics) and achieved an LOD of
9 ng/L (injection volume: 100 pL).

Rico et al. (2019) developed a SPE QTOF (quadrupole time »f-flight) multi-residue method (sample
volume: 200 mL) with LOQ of 60 and 500 ng/L for arrox cillin and ciprofloxacin, respectively. TOF MS is
less sensitive.

Goessens et al. (2020) developed a multi-clas, an .lysis of 46 antimicrobial drug residues in pond water
using SPE LC-Orbitrap-HRMS; an LOQ of 0.05 ng,’\. was achieved for ciprofloxacin (sample volume: 500
mL).

Due to the relatively fast degradation c¢r ‘ermoval of amoxicillin (Braschi et al., 2013; Ecke et al., 2023;
Elizalde-Velazquez et al., 2016) and cipr. floxacin (Cardoza et al., 2005; Lam et al., 2003; Van Doorslaer
et al., 2014) in water, the sample« shc :ld be analysed as fast as possible, preferably within one week.
The water samples can be prese.veu in the laboratory in the freezer at -20°C (use of glass or HDPE
bottles), but the stability ard \>cv,very should be tested for amoxicillin and ciprofloxacin. The water
samples can also be stnre.' aft :r SPE extraction by freezing the SPE cartridges or disks (Llorca et al.,
2014). Another conservatic.> method is the addition of ascorbic acid and sodium azide and storage in the
fridge at 4°C (Vanderford .. al., 2011). In addition, the stock solutions have to be stored in the freezer
and working standards should be prepared freshly and, due to its instability when prepared in methanol,
amoxicillin standard has to be dissolved in Milli-Q water (Gros et al., 2013; Kantiani et al., 2009; Mirzaei
et al., 2017). After addition of the internal standard, the use of a chelating agent such as Na,EDTA
(ethylene diamine tetra acetic acid) is recommended because it improves the extraction efficiency for
many antibiotics by lowering their complexation with metals or multivalent cations (Arun et al., 2022;
Ben et al., 2020; Cui et al., 2018; Gros et al., 2013; Ismail et al., 2019; Kazprzyk-Horden et al., 2007; Li et
al., 2018; Mirzaei et al., 2017; Shen et al., 2022; Zhou et al., 2022). The sample pH should be adjusted to
ca. 2-3 with hydrochloric acid (HCl) and the SPE cartridges or disks (Oasis HLB or similar) conditioned
with methanol and water (pH 2-3; using a pH buffer such as formic acid). Elution should be performed
with methanol (despite its reported instability in methanol) and evaporation to dryness, followed by
reconstitution in the HPLC solvent and LC-MS/MS analysis. Multiple reaction monitoring (MRM)



transitions after positive ionisation are 366 > 349, 114, 160, 208 for amoxicillin and 332 > 288, 231, 245
(m/z) for ciprofloxacin.

In the pharmaceuticals monitoring study by Lu et al. (2023) (see above), amoxicillin was identified as the
dominant antibiotic, with maximum concentrations of 1334 ng/L in river and 93 ng/L in bay sea water
samples, respectively. The maximum ciprofloxacin concentration in the river was 60 ng/L.

Li et al. (2018) investigated the occurrence, spatiotemporal distribution and ecological risks of 27
antibiotics in water and sediments from the Pearl and Yangtze Rivers estuary, S-China. Maximum river
water concentrations of ciprofloxacin and amoxicillin were 459 and 125 n/L, respectively.

Biel-Maeso et al. (2018) investigated the occurrence and distribution of 78 pharmaceuticals in different
aquatic marine environments from the Gulf of Cadiz (SW-Spain); ci; rnfloxacin was found in coastal
waters with a maximum concentration of 212 ng/L (detection freorern>v 43%); amoxicillin was not
detected.

2.3. Metaflumizone

Very few publications on the analysis of metaflumizone in ¢.nvi.onmental water exist. Metaflumizone is
a hydrophobic compound (log K, 6.9) (Jurado et al., 2022) <. ~u should be extracted from whole water
samples by LLE or SPE disk or cartridge, followed by _C MS/MS analysis (MRM transitions: 507 > 178,
287 (m/z)) (Loos et al., 2018a).

Metaflumizone was included in the watch lis. mi nitcring study of Solaun et al. (2021) in the Basque
coast (N-Spain) (see above). Using on-line SPE-. :-MS/MS (water sample volume 50 mL) an LOQ of 3.3
ng/L was achieved, but metaflumizone wa. not detected in any of the wastewater or receiving waters
investigated.

Lopez et al. (2022) investigated several \ har maceuticals and pesticides in the influents and effluents of a
wastewater treatment plant in N aa.’d (Spain) and the Manzanares River. The pesticides, including
metaflumizone, were analysed L Sr = (50 mL water) LC-MS/MS, and an LOQ of 0.2 ng/L was achieved
for metaflumizone, but it was ot d 2tected in the real water samples.

Metaflumizone was alc >~ it.~ludad in the direct injection on-line SPE LC-MS/MS analytical method of
Borrull et al. (2020) (see abc re); the LOQ was 10 ng/L.

It can therefore be concluded that the requested maximum acceptable method detection limit of 65
ng/L for metaflumizone of the second WL (EU, 2018) is well achievable.

2.4. Fipronil

Fipronil is a nonpolar lipophilic compound (log Kow = 4.0) which (bio-)accumulates in sediment, SPM
(suspended particulate matter) and fish (mainly its metabolites f. desulfinyl and f. sulphide) (Deiu et al.
2021). It is therefore mainly analysed in solid matrices such as sediment, biota, or food (Gongalves et al.,
2022; Pasupuleti et al., 2023), but has recently also been analysed in water samples by SPE and LC-
MS/MS (He et al., 2021; Labad et al., 2023; Li et al., 2019; Michel et al., 2016; Montiel-Ledn et al., 2018;
Onduka et al., 2022; Santos et al., 2022; Shi et al., 2020) or direct injection (DI) and LC-MS/MS (Halbach
et al., 2021).



Its maximum acceptable quantification limit of Decision 2022/1307 (EU, 2022) is 0.77 ng/L, which is
difficult to reach with DI-LC-MS/MS systems, which are the current tendency nowadays. That is why
some laboratories (Italy, Croatia, German State Saxony and Swiss Cantons) analyse this compound with
Liquid-Liquid Extraction (LLE) and GC-MS/MS systems (unpublished methods). Using LLE allows
concentrating the sample and reducing the possible matrix effects. Several organic solvent can be used
(hexan, cyclohexane, heptane, etc.). The use of dispersive liquid-liquid microextraction (DLLME), as
presented by Croatia, can reduce the amount of solvent used. Compared to DI, LLE allows the analysis of
the whole water fraction (see sample preparation discussion below). Finally, the sensitivity of the
methods will depend on the instrument, especially on the ionization source (NCI, APCI, ESI).

Different Swiss cantonal water protection laboratories developed LLE-GC-MS/MS methods for the
analysis of pyrethroid and organophosphate insecticides in water samy.'”.s (Moschet et al., 2019), based
on Rosch et al. (2019)). Aside from those compounds, fipronil is analvz. uoing the same methods since
2021. LOQ are in the range 0.025-0.5 ng/L and the first results .~om Swiss river samples indicate
concentrations between 0.05 and 8 ng/L, and high detection freq 1enc  (100%) in small stream with high
wastewater content (unpublished data).

In Germany, the Saxony State report a LLE-GC-MS/MS met! ~d w th NCl ionization source with an LOQ of
0.02 ng/L. In ltaly and Croatia, LOQ of 0.2 and 0.05 nr/L, .=spectively, are reported (unpublished
method, Personal Communication).

Labad et al. (2023) conducted a multi-compo':~d .iver and groundwater monitoring program in the
Besos River delta (Spain). Analysis of 500 mL w~at..r samples was performed by SPE LC-MS/MS. SPE was
performed with manually prepared cartridges. The reported LOQ for fipronil is 0.34 ng/L, and the
maximum concentration of fipronil in river woter was 16 ng/L (average 13 ng/L).

Shi et al. (2023) conducted a monitoring ¢ 1d risk assessment study for fipronil and its metabolites in the
Yangtze River (China). Analysis was ; >rfor ned by SPE of filtered water samples (500 mL) followed by LC-
MS/MS (LOQ: 0.01-0.02 ng/L). Hi_h decection frequencies of fipronil and its transformation products
were observed. The median fipron.' concentration was 0.13 ng/L (below the PNEC of 0.77 ng/L).

Halbach et al. (2021) pe'ron.ed a pesticide-monitoring program in small agricultural streams in
Germany during dry wea*he, and rainfall. The water samples were filtered with a disposable syringe
filter and 1 mL of the filter ad sample was spiked with five isotope-labeled internal standards of the
pesticides. Fipronil was quantified using its °C, isotope-labeled internal standard. Analyses were carried
out with an LC-MS/MS system by direct injection of the aqueous samples and multiple-reaction-
monitoring (LOQ: 0.7 ng/L). The insecticides thiacloprid, clothianidin and fipronil were the three
compounds with the most frequent regulatory acceptable concentrations (RAC; 0.77 ng/L for fipronil)
exceedances during dry weather (7 % of the samples with exceedances) as well as during rainfall events
(13 % of the samples with exceedances).

He et al. (2021) analysed neonicotinoids, fipronil and its metabolites in a semi-closed bay in China by SPE
disk followed by ion-trap LC-MS (LOQ 0.05 ng/L). The maximum concentration of fipronil in river water
was 10 ng/L and in surface seawater 1.4 ng/L.



Wan et al. (2021) analysed neonicotinoids, fipronil, and other pesticides in surface water and drinking
water from northern Vietham by SPE LC-MS/MS (sample volume: 1L; LOQ: 0.01 ng/L). The median
fipronil plus degradates concentration was 3.8 ng/L.

Shi et al. (2020) analysed fipronil and its metabolites in Chinese tap and ground water by SPE (500 mL)
LC-MS/MS (LOQ: 0.02 ng/L); the maximum sum concentration detected was 5 ng/L.

Li et al. (2019) performed a simultaneous determination of seven neonicotinoids and fipronil and its
metabolites in seawater and river water using disk-based SPE (water volume: 2L) followed by LC-MS/MS
and achieved an LOQ of 0.05 ng/L.

Montiel-Ledn et al. (2018) developed a fast automated on-line enrichment (direct injection of 2 mL
water) coupled to LC-MS/MS for neonicotinoids and achieved for fiproi' an LOD of 0.1 ng/L for tap and
0.5 ng/L for surface water.

Michel et al. (2016) analysed fipronil and its metabolites in water ana ~2! {rom the River Elbe (Germany)
by SPE (200 mL) LC-MS/MS (LOQ: 0.08 ng/L). Total concentraticns it the water samples were 0.5-1.6
ng/L.

2.5. Metformin and Guanylurea

The antidiabetic drug metformin is the pharmaceuticz  v.th the highest concentration in wastewater (up
to 100 pg/L) but it is removed with > 98% in sewag- tre..ment plants (STP, Oosterhuis et al.; 2013). The
specified LOQ of Decision 2022/1307 (EU, ~02z) is 156 pg/L while for guanylurea, biodegradation
product of metformin, it is 100 pg/L. While hese LOQ are rather high, the high polarity of the
compounds requires a specific chroma.~graphic separation. Moreover, the necessary LOQ for
metformin probably needs to be redu.e:’ in the upcoming years, since there is evidence that this
substance has reproductive effects in **=rt "k ates (Crago et al., 2016; Niemuth et al., 2015; Niemuth and
Klaper, 2015), which could lower the £QS oy two orders of magnitude. For this reason, it is important to
have validated sensitive analytical 1.~aethods with lower LOQ to monitor this substance.

So far, several of the available anilytical methods use hydrophilic interaction liquid chromatography
(HILIC)-tandem mass soectron =try (HILIC-MS/MS) for the quantitative analysis of metformin and
guanylurea (e.g. Boulard €. al., 2018; Oertel et al., 2018; Scheurer et al., 2012).

The method described by Boulard et al. (2018) is based on a non-specific sample preparation using
freeze-drying followed by detection with large injection (70 uL) zwitterionic HILIC-ESI-MS/MS reaching
LOQ of 5 and 20 ng/L for metformin and guanylurea, respectively.

Scheurer et al. (2012) extracted metformin and guanylurea by cation-exchange SPE (10 mL water
sample) followed by HILIC-MS/MS. Metformin surface water concentrations in German rivers and creeks
were between 0.22 and 3.1 pg/L, and between 0.66 and 28 pg/L for guanylurea.

Oosterhuis et al. (2013) reported the presence of metformin in the Netherlands with a concentration of
1800-3900 ng/L in surface water. Guanylurea was detected in STP effluents and surface waters at
concentrations of 39-56 pg/L and 1.8-3.9 pg/L, respectively.



Blair et al. (2013) studied the presence of 54 pharmaceuticals and personal care products in Lake
Michigan (USA), and the most widely detected pharmaceutical was metformin (median: > 100 ng/L;
max. 3.8 ug/L).

Posselt et al. (2018) investigated polar organic micropollutants in water samples from River Erpe
(Germany) and reported a maximum concentration of 222 pg/L guanylurea and 1.66 pg/L metformin.
Analysis was performed by direct injection LC-MS/MS (LOQ for guanylurea 213 ng/L, and for metformin
364 ng/L).

Malnes et al. (2022) extracted metformin by using Oasis HLB-cartridges (6 mL, 200 mg; 500 mL water
sample; recovery 1-4 %; LOQ 0.016-0.021 ng/L) followed by LC-MS/MS. Mean, median, and maximum
concentrations of metformin in Swedish rivers and lakes samples were 11, 2.6 and 120 ng/Land 1.6, 1.1
and 11 ng/L, respectively.

Ogunbanwo et al. (2020) analysed metformin within a multi-comp »uno direct injection (100 uL) C18
chromatography column LC-MS/MS method (LOQ: 8.4 ng/l;, «nd found very high metformin
concentration in surface waters from Nigeria (mean: 10 pg/L; max: 2 .g/L).

Balakrishnan et al. (2022) published a review on the occ' rrer.-e, analysis and treatment methods of
metformin.

3. Determination of the Limit of Quantif’cat on ,.0Q)

Some Member States (MS) asked during the wor. <hop in 2018 to specify in detail the different methods
for the determination or calculation of the L.mit of Quantification (LOQ) including method validation and
uncertainty estimations, because the «v7a."le general guidelines (DIN 32645, 2008; EN ISO 17025,
2005; Eurachem Guide, 2014; IUPAZ, ?0GCs) are not sufficient for a uniform approach. It remained
unclear whether the LOQ of the [ re.~nted methods are derived from appropriate real surface water
samples with or without stanc~ra addition, or from calibration curves. A comparisons of method
performances and of LOQ of 'fferent methods are almost impossible since their evaluation is rarely
described (matrix used, ste :istial approach chosen, etc.). For a better harmonisation of the methods, a
consensus on the detern.'nauon of the LOQ is necessary, which needs a thorough discussion on the
minimum requirements for sample preparation and analysis, i.e. representative surface water matrix,
standard addition, recovery, reproducibility, uncertainty and multiplication factor. In general, the LOQ
can be derived from a calibration curve, the analysis of blank water samples, or the analysis of (real)
water samples spiked at 2-5 times the pre-estimated limit of quantification and then using the signal-to-
noise ratio 2 10 (= 3 for LOD). The latter approach appears to be the most reliable. The discussion held
during the workshops should provide technical guidelines on monitoring strategies and analytical
methods for substances in order to facilitate the implementation for all MS.

4. Which fraction analysing: Whole water or dissolved water phase?

The workshop showed that nowadays many MS are using Direct Injection (DI) techniques with LC-
MS/MS. DI-LC-MS/MS should however only be performed for water soluble substances for which

10



partitioning to suspended particulate matter (SPM) can be neglected (low Kow and Kgiseq) Values). The
question is whether filtration or centrifugation of the water sample is allowed when DI is used.
According to the EQS Directive (EU, 2013), “whole water” analysis, including the particle bound fraction,
should be performed for the organic priority substances. Total concentration should be obtained by
direct analysis of the whole water sample (without filtration) or by a separate determinations on
filterable (dissolved) and solid phases (particulate) (Lardy-Fontan et al., 2018).

General principles of pollutant partitioning can be found in the literature (e.g., Vignati et al. (2009) and
references therein). The Expert Group on Analysis and Monitoring of Priority Substances (AMPS)
concluded in 2005 that no specific requirements could be made regarding which matrix (whole water,
liquid or particulate phase) should be analyzed. Indeed, variations in hydrological and environmental
circumstances, which are reflected in the quantity and the quality of S/, preclude rigid categorization
and make it difficult to establish general rules for the choice of the ar.-op.‘ate matrix (Ademollo et al.,
2012). However, the first and simplest approach is to consider the “vdrophobicity of the analytes, as
recommended in the WFD CIS Guidance document No. 25 on sed mer:* and biota monitoring (2010). The
proposed rule of thumb is that compounds with log K., > 5 shc ld preferably be measured in sediments
or in SPM, while compounds with a log K., < 3 should prefe ab. ' be measured in water (Ademollo et al.,
2012). The WFD CIS Technical guidance document No. 27 fo, ~eriving Environmental Quality Standards
(2011) however states in section 3.8 that “discrepar... s between total and dissolved concentrations
may only become evident for very hydrophobic subsu nc:s [...] with a log K,,, above 6”. Since the EQS
are usually derived in standard laboratory toy...’v o ~d bioconcentration tests with low levels of total
organic carbon, the EQS refer to the dissolvea ‘hir,available) concentrations.

It has been shown for lipophilic compounau. (polycyclic aromatic hydrocarbons, PAH) (Chen et al., 2023;
Wang et al., 2023), and brominated d’pr >nv, ethers (BDE)) that the measurement of the dissolved
fraction underestimates the total cor-er r-tions in water (Ademollo et al., 2012). For nonylphenol, a
compound of medium lipophilicity (. *g K., 4.5), up to 50 % of the substance has been found adsorbed
on the particles (Patrolecco et -l.,, 2006; Rusconi et al.,, 2015). The European Committee for
Standardization (CEN) has al-eady developed three standard methods for whole water analysis of
hydrophobic substances (P/.n, Rbc, and organochlorine pesticides) in water with SPM content up to 500
mg/L and the use of SP”_ Yisn~ (F.N 16691, EN 16694, EN 16693; 2015).

Tlili et al. (2016) investiga*~d in France the partitioning of 26 pharmaceuticals, including 18 antibiotics,
between the dissolved water phase and SPM. Drug residues associated with SPM were extracted from
filters by pressurized liquid extraction (PLE) combined with an on-line SPE-LC-MS/MS system. In the
investigated French rivers, the drug residues were present mainly in the dissolved phase. The
concentrations of ciprofloxacin in the rivers were 6.6 and 6.4 ng/L in the dissolved phase, and 1.2 and
1.4 ng/L on SPM, respectively, which shows that approximately 20 % of ciprofloxacin is present in the
particulate water phase. Therefore, analysis of the dissolved water phase by direct LC-MS/MS injection
could deliver for this substance acceptable results similar (but a bit lower) to whole water analysis.
However, this aspect should be investigated in more detail in order to confirm the results of Tlili et al.
(2016). Sediment appears to be a sink for fluoroquinolone antibiotics (Shi et al., 2014).

Lardy-Fontan et al. (2018) give a review on “whole-water analysis” of estradiol hormones. Nie et al.
(2014) determined the association of estrogen compounds among different water phases: SPM, filtrate
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(dissolved), and colloidal phases. Their results highlighted that, depending on the type of matrix and
season, 5-35 % of E2 (log K.y 4.0) and up to 100 % of EE2 (log K., 4.2) were associated with SPM
fractions. In 2015, the same authors carried out a study on the occurrence, distribution and risk
assessment of six estrogen substances in samples of surface water, SPM, and sediment in the Yangtze
Estuary (China) and its coastal areas over four seasons. The SPM phase for total estrogens contributed
between 16 to 88 %, however, EE2 was not detected in any of the water samples (Nie et al., 2015).
These observations confirmed that colloids and SPM could act as a significant sink for environmental
estrogens. Moreover, Neale et al. (2009) showed that ca. 50 % of E2 could be lost by filtration through
cellulose acetate filters, and de Graaff et al. (2011) reported up to 64 % adsorption of estrogens (E1, E2,
EE2) when filtrated over a glass fiber filter.

Yarahmadi et al. (2018) conducted in Canada extensive environmen.=i monitoring in an urban river
impacted by multiple combined sewer overflows and wastewater tr_>tn,>nt plant (WWTP) discharge
points. Temporal and spatial distributions of dissolved and particu'ate steroids were investigated in
sewage, WWTP effluents, receiving river water and sediments. Tl e w. ter samples were filtered and the
SPM was extracted by ultrasonic solvent extraction followd by C18 SPE clean-up. The particle-
associated steroids represented 0-82% of their total conce.nti tiun as some steroids like estrone (E1)
and estriol (E3) were detected only in the dissolved phase, v.":iie EE2 (>75%) was primarily detected in
the particulate phase.

Wilkinson et al. (2017), however, investigated -he ,patial distribution of some pharmaceuticals
(including EE2), illicit drugs, plasticisers, anc pe flou/inated compounds in three rivers of Southern
England bound to SPM and dissolved in water, . 1d the selected analytes were almost exclusively found
dissolved in sampled waters with an EE2 \~ean concentrations of 0.23 ng/L (detection frequency 3%).
EE2 was not detected in SPM, but PFOA ~.in:: PFOS.

Goeury et al. (2022b) investigated th : ¢ “cuirence of steroid hormones in surface waters and suspended
sediments in Canada (St. Lawrenr:: k, 'er and its major tributaries). The suspended particulate matter
(SPM) was sampled on glass fib.* 1..*ers, which were then extracted with a mixture of methanol and
acetone (3:1 v/v; 5 mL) in a 12 m'. centrifuge tube by vortex-mixing (10 s) and sonification (20 min),
followed by a C18 SPE carti dge :lean-up. EE2 detection frequency in the dissolved phase was 1.5 %, and
a max. concentration of > 8 ng/L, and in SPM 2.9 % and 63.9 ng/g, respectively. The most frequent
compound in SPM was bis~!.enol A.

Xu et al. (2024) investigated 31 steroids (E2 and EE2 not included) and metabolites in SPM, water phase
and sediments of the Pearl River Estuary (China) during the dry and wet seasons to elucidate their
spatiotemporal patterning, partitioning behavior, and environmental fate. The results showed that
natural steroids predominated in SPM and sediments while the metabolites predominated in water.

Thus it can be concluded that EE2 and E2 are strongly adsorbed to particulate matter (around 40 % for
E2 and 70 % for EE2) and therefore whole water samples have to be extracted and analysed.

Lorre et al. (2023) studied phthalate esters delivery to the largest European lagoon (Curonian Lagoon,
south-east Baltic Sea). Di(2-ethylhexyl) phthalate (DEHP) was the most abundant phthalate ester and
was mainly found attached to particulate matter, highlighting the importance of this matrix in the
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transport of such contaminant. Dibutyl phthalate (DnBP) and diisobutyl phthalate (DiBP) were the other
two dominant phthalate esters found in the area, mainly detected in dissolved phase.

The multicompartment partitioning of per- and polyfluoroalkyl substances (PFAS) was studied by several
scientists (Ahrens et al., 2011; Ding et al., 2018; Gao et al., 2020; Li et al., 2020; Liu et al., 2019; Wang et
al., 2020; Wang et al., 2022). While perfluorooctanoic acid (PFOA), and perfluorooctansulfonate (PFOS)
mainly distribute in the dissolved phase and SPM at low suspended solid concentrations, more diverse
compositions were observed in sediment and biota with the increase in contributions of long-chain
PFASs.

In conclusion, the participants of the workshop agreed that compounds with a log K., < 3 should
preferably be measured in the dissolved water phase, and compounds with log K,, > 5 in sediment,
SPM, or biota. A more precise investigation of the partitioning behavi. 'r is necessary for compounds
with log K,, between 3 and 5, such as fipronil. The correction of the discrepancies in the different
technical guidance documents is recommended.

5. Conclusions

During the workshops, the current analytical method.'ogi¢s for the quantification of selected
substances from the surface water Watch List and their li'nits vere discussed among experts. It was a
good opportunity to share the analytical protocols, e.p~rience and eventually to provide analytical
service to those countries which could not mea. 're properly some of the existing substances. The
discussions revealed some discrepancies bet.vee | Wr-D requirements (whole water analysis) and the
reality of analytical methods (direct injection a.*er filtration or centrifugation) for several substances.
Indeed, the question regarding the particui.*e vs dissolved content of WL substances (e.g. ciprofloxacin)
in the water column was addressed ar.d .~e Ilatest literature was reviewed for the substances. This
guestion should be addressed for ear!. su.><.ance and if necessary, some tests have to be done in order
to use the appropriate analytical e ~ods for the appropriate matrix. Moreover, a working group at the
EC could make proposals of guicel. =s on whether and in which cases the dissolved fraction could be a
good approximation for the whoi. water fraction. Some lacks in the calculation and reporting of
LOD/LOQ were also clearly iae ~tiried. Such workshops are really worth as it allows a fruitful exchange
between experts from. ifte-~.at countries, as well as identifying synergies and discrepancies. They
allowed discussions in orde to ensure the delivery of good data quality for the WL substances, which
will then drive decision-making since it is the prerequisite to assess and evaluate their risk at EU level.
However, the discrepancies between the different technical guidance documents and the examination
of the partitioning and “whole water” analysis (because the EQS refer to the whole water
concentrations) should be addressed for each substance and corrected if necessary. In conclusion,
further workshops will be held as a follow-up to the subsequent dynamic list of substances within the
WL, with the aim of improving analytical methods for the monitoring strategy that the MS may require.
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