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TEXTE PMT/vPvM assessment of REACH registered Substances Detected in Wastewater Treatment Plant Effluent,
Freshwater Resources and Drinking Water

Abstract: PMT/vPvM assessment of REACH registered Substances Detected in Wastewater
Treatment Plant Effluent, Freshwater Resources and Drinking Water

A literature review was conducted to compile a list of substances that have been detected in
wastewater treatment plant effluent (WTPE, 442 substances), surface water (SW, 1021
substances), bank filtrate (BF, 114 substances), groundwater (GW, 338 substances), raw water
(RW, 212 substances) and drinking water (DW, 385 substances). There were 639 substances
detected in at least one of the four drinking water relevant media (BF, GW, RW and DW), of
which 311 (49 %) were REACH registered substances (as of September 2019). In total, there
were 1289 substances detected in at least one of all six water media considered (WTPE, SW, BF,
GW, RW and DW), of which 509 (39 %) were REACH registered substances. A PMT/vPvM
assessment was performed for each of these 509 substances. The PMT/vPvM criteria was met by
22 % (110 of 509) of all detected substances and even by 30 % (92 of 311) of the detected
substances in drinking water relevant media. Another 5 % (23 of 509) substances met the
criteria for persistency and mobility but with no high-quality consensus conclusions that the
criteria for toxicity was met. For 27 % (136 out of 509) of detected REACH registered
substances, conclusions on whether the PMT/vPvM criteria were met were ambiguous; whereas,
there was insufficient data to conduct a PMT/vPvM assessment for 20 % (103 of 509) of
detected REACH substances. Only 26 % of the detected REACH registered substance (137 of
509) were concluded as not PMT/vPvM substances.

Three important conclusions can be taken from this literature review. The first is that REACH
registered substances are commonly detected in drinking water relative media (49 % of all
substances identified), and often above 0.1 pug/L (58 % of REACH registered substances). The
second is that, despite data gaps to perform a definitive PMT/vPvM assessment on all
substances, REACH registered substances detected in drinking water media commonly met the
PMT /vPvM criteria, such as in RW (39 %, or 49 out of 125 substances), GW (38 %, or 63 out of
165 substances), and DW (37 %, or 69 out of 186 substances). The third is that the log Koc cut-
off value of 4.0 for the mobility criterion captured between 95 and 100 % of the P/vP substances
detected in the four drinking water relevant media. This indicates that the mobility criterion
based on log Koc is fit-for-purpose. Registrants, water authorities and regulators are encouraged
to take immediate action for the 110 REACH registered PMT/vPvM substances that were
detected in drinking water relevant media to minimise any future emissions into the aquatic
environment.

Kurzbeschreibung: PMT/vPvM-Bewertung von REACH-registrierten Stoffen, die in
Klaranlagenablauf, SiiBwasserressourcen und Trinkwasser detektiert werden

Es wurde eine Literaturrecherche durchgefiihrt, um eine Liste der Stoffe zu erstellen, die bereits
in Klaranlagenablauf (WTPE, 442 Stoffe), Oberflaichengewasser (SW, 1021 Stoffe), Uferfiltrat
(BF, 114 Stoffe), Grundwasser (GW, 338 Stoffe), Rohwasser (RW, 212 Stoffe) und Trinkwasser
(DW, 385 Stoffe) detektiert wurden. 639 Stoffe wurden in mindestens einem der vier
trinkwasserrelevanten Medien (BF, GW, RW und DW) detektiert, von denen waren 311 (49 %)
REACH-registrierte Stoffe (Stand September 2019). Insgesamt wurden 1289 Stoffe in
mindestens einem der sechs betrachteten Wassermedien (WTPE, SW, BF, GW, RW und DW)
detektiert, von denen 509 (39 %) REACH-registrierte Stoffe waren. Fiir jeden dieser 509 Stoffe
wurde eine PMT/vPvM-Bewertung durchgefiihrt. Die PMT/vPvM-Kriterien erfillten 22 % (110
von 509) aller detektierten Stoffe und sogar 30 % (92 von 311) der in trinkwasserrelevanten
Medien detektierten Stoffen; weitere 5 % (23 von 509) Substanzen erfiillten die Kriterien fiir
Persistenz und Mobilitdt, sind aber derzeit ohne abschliefiende Bewertung, ob das
Toxizitatskriterium erfiilltist. 27 % (136 von 509) der detektierten REACH-registrierten Stoffe
sind ohne eindeutige Bewertung, ob die PMT/vPvM-Kriterien erfiillt waren; fiir weitere 20 %
(103 von 509) fehlen Daten, um eine PMT/vPvM-Bewertung durchzufiihren. Als Nicht-
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PMT/vPvM-Stoffe wurden nur 26 % (137 von 509) der detektierten REACH-registrierten Stoffe
bewertet.

Aus dieser Literaturrecherche konnen drei wichtige Schlussfolgerungen gezogen werden. Die
erste ist, dass REACH-registrierte Stoffe in trinkwasserrelevanten Medien haufig (49 % aller
nachgewiesenen Stoffe) und oft iiber 0,1 ng/L (58 % der REACH -registrierten Stoffe) detektiert
werden. Die zweite ist, dass trotz Datenliicken die PMT /vPvM-Bewertung zeigt, dass sehr viele
in Trinkwassermedien detektierten REACH-registrierten Stoffe die PMT/vPvM-Kriterien
erfiillen, so z. B. in RW (39 % oder 49 von 125 Stoffen), GW (38 % oder 63 von 165 Stoffen) und
DW (37 % oder 69 von 186 Stoffen). Die dritte ist, dass der log KOC-Grenzwert von 4,0 fiir das
Mobilitatskriterium zwischen 95 und 100 % der in den vier trinkwasserrelevanten Medien
detektierten P/vP-Stoffe erfasst. Dies zeigt die Eignung des auf dem log KOC basierenden
Mobilitatskriterium. Registranten, Wasserbehorden und Regulierungsbehérden werden dazu
angehalten, fiir die in trinkwasserrelevanten Medien detektierten 110 REACH -registrierten
PMT /vPvM-Stoffe unverziiglich Mafinahmen zu ergreifen um kiinftige Emissionen in die
aquatische Umwelt zu minimieren.
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Summary

Many REACH registered substances are polluting the sources of our drinking water. The most
likely to do so are those that are emitted in high volumes and/or fulfil the criteria of being
persistent, mobile and toxic (PMT) or very persistent and very mobile (vPvM). To obtain a
comprehensive overview of the identity and properties of substances contaminating the sources
of our drinking water, this study compiled diverse water monitoring studies for two purposes.
The first was to identify how many detected substances are registered under REACH. The second
was to identify if those that are persistent and mobile substances have a higher likelihood of
being detected in drinking water relevant media.

Detected REACH registered substances in diverse water media

A literature review was conducted to compile a list of substances detected in wastewater
treatment plant effluent (WTPE), surface water (SW), bank filtrate (BF), groundwater (GW), raw
water (RW) and drinking water (DW). In total, 55 studies (published between 2000 and 2019)
were consulted, and collectively they reported 1289 substances in total that were detected in at
least one of the six water media considered (WTPE, SW, BF, GW, RW and DW). With 1021
substances (across 6 studies), most were detected in SW. The two water media with the fewest
detected substances were BF (114 substances across 7 studies) and RW (212 substances across
6 studies). One reason for this could be that sampling campaigns of BF and RW require
coordination with local authorities and water producers, including access to wells in protected
areas. More substances were detected in DW (385 substances across 22 studies) and GW (338
substances across 15 studies). Sampling campaigns of DW and GW only require either access to
a tap or an accessible groundwater well, respectively. In WTPE, there were 442 substances
detected across 12 studies.

From a comparison with the REACH registration database as of September 2019, 509 (39 %) of
the 1289 detected unique chemical structures were substances registered under REACH.
Considering only the drinking water relevant media (BF, GW, RW and DW), there were 639
detected substances, and of these 311 (49 %) were REACH registered. This confirms that a
considerable fraction of detected substances in drinking water relevant media are REACH
registered. Of these, nearly half (147 of 311) were registered at volumes > 10 tpa. This may seem
counterintuitive based on the expectation that the higher the production and import tonnage,
the higher the chance of emissions. However, there are several potential explanations for this.
The main one being that PMT/vPvM substances can appear in drinking water sources even
when they are emitted at low levels because of their intrinsic substance properties. Another
explanation is that some of the substances were not registered at volumes > 10 tpa in 2019 but
were in previous years. A third explanation is that certain emission pathways can lead to
contamination, even at low tonnages. For instance, substances in products that are poured down
the drain (e.g. detergents) or that commonly occur in consumer products have a greater chance
of being detected in the environment (Schulze et al., 2018). A fourth explanation is that non-
industrial uses of REACH registered substances, such as uses as pharmaceuticals and plant
protection products, may also contribute to emissions.

For each substance that was detected, the maximum reported concentration was compiled. In all
six water media considered, REACH registered substances had a higher chance of being detected
at> 0.1 pg/L, which is a commonly used threshold concentration, such as in the drinking water
directive (EU Regulation 98/83/EC) for pesticides. 58% of substance registered under REACH
were reported at least once at concentrations > 0.1 pg/L, compared to only 49% of all
substances.
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Frequency of persistent and mobile substances in drinking water relevant media

A PMT/vPvM assessment of the detected REACH registered substances was conducted in
accordance with Arp and Hale (2023). From this comparison it was clear that a PMT/vPvM
substance in the REACH registration database has a significantly higher likelihood to be detected
in drinking water relevant media than the other substances. Among the entire REACH
registration database only 2.6 % (343 of 13406) of identified, unique chemical structures fulfil
the PMT/vPvM criteria; whereas, amongst the four drinking water relevant media, 30% (92 of
311) of the detected REACH registered substances met the PMT/vPvM criteria. In other words, a
PMT/vPvM substance in the REACH registration database has an 11.5 times higher chance of
being detected (chi-square test highly significant with X-squared = 378.22, Degrees of freedom =
1, p-value < 2.2e-16) than the other substances in the REACH registration database. Just looking
separately at GW, RW and DW, the percentages of detected substances meeting the PMT/vPvM
criteria are even higher, being 38% (63 out of 165), 39% (49 out of 125) and 37% (69 out of
186) respectively. This trend is expected, as substances with the intrinsic properties of
persistence and mobility are the ones with the greatest propensity to be detected in drinking
water relevant media (Arp and Hale, 2019).

The majority of "Not PMT/vPvM" substances detected in the four drinking water relevant media
are "NotP", rather than "Not M". For instance, in BF, 22% (14 out of 60) of substances were "Not
P" compared to 2% (1 out of 60) that were "Not M". For GW this percentage was 15% (25 out of
165) "Not P" compared to 2% (3 out of 165) "Not M", for RW it was 18% (23 out of 125) "Not P"
compared to 5% (6 out of 125) "Not M", and for DW it was 19% (35 out of 186) "Not P"
compared to 2% (3 out of 186) "Not M". The fact that "Not P" substances have been detected in
water media is likely due to: a) large or widespread emissions or b) local biodegradation
processes that are slower than simulation studies.

As the presence of these Not PMT/vPvM substances could be due to a close proximity to the
point of emissions, concentrations of these substances in the sources of drinking water could be
reduced through emission reduction and via remediation. However, for substances that meet the
PMT /vPvM criteria and are detected in drinking water relevant media, their presence can
continue over much longer temporal and spatial scales, even after emission reductions have
occurred (Hale etal,, 2022, 2020). As remediation measures are inefficient for such substances,
they are best managed at the production and use stages, via risk governance or risk mitigation
strategies.

The central recommendations to manufacturers, importers, downstream users, local authorities,
water suppliers, and regulators from the European Commission, ECHA and member states are to
act to reduce pollution of the to date detected PMT /vPvM substances in the sources of our
drinking water. In most cases this involves more monitoring, improved risk assessments, and
the identification of sources. Such action will assist the development risk mitigation measures to
reduce emissions and will encourage preventative measures of future emissions. When this does
not work, regulatory action such as authorization and restriction through REACH may be
needed.
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Zusammenfassung

Viele in der REACH-Verordnung registrierte Stoffe verschmutzen die Ressourcen unserer
Trinkwasser. Am wahrscheinlichsten solche, die in hohen Mengen emittiert werden und/oder
die Kriterien fiir persistent, mobil und toxisch (PMT) oder sehr persistent und sehr mobil
(vPvM) erfiillen. Um einen umfassenden Uberblick iiber Identitit und Eigenschaften von Stoffen
zu erhalten, die die Ressourcen unserer Trinkwésser verunreinigen, wurden in dieser Studie
Wassermonitoringstudien ausgewertet mit zwei Zielsetzungen. Erstens, zu ermitteln, wie viele
der detektierten Stoffe im Rahmen der REACH-Verordnung registriert sind. Zweitens,
festzustellen, ob persistente und mobile Stoffe eine hohere Wahrscheinlichkeit haben, in den
trinkwasserrelevanten Medien detektiert zu werden.

Nachgewiesene REACH-registrierte Stoffe in diversen Wassermedien

Es wurde eine Literaturrecherche durchgefiihrt, um eine Liste der Stoffe zu erstellen, die bereits
in Klaranlagenablauf (WTPE), Oberflaichengewasser (SW), Uferfiltrat (BF), Grundwasser (GW),
Rohwasser (RW) und Trinkwasser (DW) detektiert wurden. Insgesamt wurden 55 Studien
(verdffentlicht zwischen 2000 und 2019) konsultiert, die insgesamt 1289 Stoffe meldeten, die in
mindestens einem der sechs betrachteten Wassermedien (WTPE, SW, BF, GW, RW und DW)
detektiert wurden. Mit 1021 Stoffen (in sechs Studien) wurden die meisten in SW detektiert. Die
beiden Wassermedien mit den geringsten detektierten Stoffen waren BF (114 Stoffe in 7
Studien) und RW (212 Stoffe in 6 Studien). Ein Grund dafiir konnte darin liegen, dass
Probenahmekampagnen fiir BF und RW eine Koordinierung mit lokalen Behérden und
Wassererwerken erfordern, einschliefdlich des Zugangs zu Bohrlochern in
Wasserschutzgebieten. In DW (385 Stoffe in 22 Studien) und GW (338 Stoffe in 15 Studien)
wurden mehr Stoffe detektiert. Monitoringkampagnen fiir DW und GW erfordern nur einen
Wasserhahn bzw. den Zugang zu einem gut zuganglichen Grundwasserbohrloch. In WTPE
wurden in 12 Studien 442 Stoffe detektiert.

Bei einem Vergleich mit der REACH-Registrierungsdatenbank Stand September 2019 handelte
es sich bei 509 (39 %) der 1289 detektierten chemischen Strukturen um Stoffe, die im Rahmen
von REACH registriert waren. Bei Betrachtung nur der Trinkwasserrelevanten Medien (BF, GW,
RW und DW) waren 311 (49 %) der 639 detektierte Stoffe REACH-registriert. Dies bestatigt,
dass ein erheblicher Teil der detektierten Stoffe in trinkwasserrelevanten Medien unter REACH
registriert ist. Davon wurden fast die Halfte (147 von 311) mit Mengen > 10 tpa registriert. Dies
mag widersinnig erscheinen da erwartet werden kann, dass die Wahrscheinlichkeit von
Emissionen umso grofier ist, je grofier die Produktions- und Importmengen sind. Es gibt jedoch
mehrere mogliche Erklarungen. Die wichtigste ist, dass PMT/vPvM-Stoffe aufgrund ihrer
intrinsischen Stoffeigenschaften in den Ressourcen unserer Trinkwéasser vorkommen kénnen,
auch wenn sie nur in geringen Mengen emittiert werden. Eine weitere Erklarung ist, dass einige
der detektierten Stoffe 2019 nicht mehr in Mengen > 10 tpa registriert waren, aber in den
Vorjahren. Eine dritte Erklarung ist, dass bestimmte Emissionswege auch in geringen Mengen zu
Verunreinigungen fithren kénnen. So haben beispielsweise Stoffe in Produkten, die in den
Abfluss gegossen werden (z. B. Detergenzien) oder in Konsumgiitern hiufig vorkommen, eine
grofdere Wahrscheinlichkeit, in der Umwelt detektiert zu werden (Schulze et al., 2018). Eine
vierte Erklarung ist, dass die nichtindustriellen Verwendungen von in der REACH-Verordnung
registrierten Stoffen, wie Verwendungen als Arzneimittel und Pflanzenschutzmittel, ebenfalls zu
Emissionen beitragen konnen.
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Fiir jeden detektierten Stoff wurde die maximale gemeldete Konzentration ermittelt. In allen
sechs untersuchten Wassermedien hatten REACH-registrierte Stoffe eine hohere
Wabhrscheinlichkeit, bei > 0,1 pg/1 detektiert zu werden, was eine haufig verwendete
Schwellenkonzentration ist, wie z.B. in der Trinkwasserrichtlinie (EU-Verordnung 98/83/EG)
fiir Pestizide. 58 % der REACH-registrierten Stoffe wurden mindestens einmal in
Konzentrationen von > 0,1 pg/1 gemeldet, im Vergleich zu nur 49 % aller Stoffe.

Haufigkeit persistenter und mobiler Stoffe in trinkwasserrelevanten Medien

Eine PMT/vPvM-Bewertung aller detektierten REACH-registrierten Stoffe wurde gemaf3 Arp
und Hale (2023) durchgefiihrt. Aus diesem Vergleich ging eindeutig hervor, dass ein PMT/vPvM-
Stoff in der REACH-Registrierungsdatenbank eine wesentlich hohere Wahrscheinlichkeit besitzt,
in trinkwasserrelevanten Medien detektiert zu werden als die andere Stoffen. Von der gesamten
REACH-Registrierungsdatenbank erfiillen nur 2,6 % (343 von 13406) der identifizierten,
einzigartigen chemischen Strukturen die PMT/vPvM-Kriterien. Gleichzeitig erfiillen aber in den
vier trinkwasserrelevanten Medien 30 % (92 von 311) der detektierten REACH-registrierten
Stoffe die PMT/vPvM-Kriterien. Mit anderen Worten hat ein PMT /vPvM-Stoff in der REACH-
Registrierungsdatenbank eine 11,5-mal hohere Wahrscheinlichkeit detektiert zu werden (chi-
Quadrat-Test mit X-Quadrat = 378.22, Grad der Freiheit = 1, p-Wert < 2.2e-16) als die anderen
Stoffe in der REACH-Registrierungsdatenbank. Bei getrennter Betrachtung von GW, RW und DW
sind die Prozentsatze der detektierten Stoffe, die die PMT-/vPvM-Kriterien erfiillen, mit 38 %
(63 von 165), 39 % (49 von 125) bzw. 37 % (69 von 186) sogar noch hoéher. Dieser Trend wird
erwartet, da Stoffe mit den intrinsischen Stoffeigenschaften Persistenz und Mobilitit diejenigen
sind, die in trinkwasserrelevanten Medien die grofdten Tendenzen aufweisen detektiert zu
werden (Arp und Hale, 2019).

Die meisten in den vier trinkwasserrelevanten Medien detektierten ,Nicht-PMT/vPvM“-Stoffe
sind ,nicht P“ und nur wenige sind , nicht M“. So waren beispielsweise in BF 22 % (14 von 60)
der Stoffe ,nicht P“ im Vergleich zu 2 % (1 von 60), die ,,nicht M“ waren. Fiir GW betrug dieser
Prozentsatz 15 % (25 von 165) ,nicht P“ gegeniiber 2 % (3 von 165) ,nicht M*, fiir RW 18 % (23
von 125) ,nicht P“ gegeniiber 5 % (6 von 125) ,nicht M“ und fiir DW 19 % (35 von 186) ,nicht P*
gegeniiber 2 % (3 von 186) ,nicht M“. Die Tatsache, dass ,Nicht-P“-Stoffe in Wassermedien
detektiert wurden, ist vermutlich zuriickzufiihren auf a) grofde oder weit verbreitete Emissionen
oder b) lokale biologische Abbauprozesse, die langsamer sind als Simulationsstudien.

Da das Vorhandensein dieser Nicht-PMT /vPvM-Stoffe auf die Nahe zur Quelle der Emission
zuriickzufiihren sein konnte, konnten die Konzentrationen dieser Stoffe in den Ressourcen
unserer Trinkwésser durch Minimierung der Emissionen und durch Wasseraufbereitung
verringert werden. Bei Stoffen, die die PMT-/vPvM-Kriterien erfiillen und in
trinkwasserrelevanten Medien detektiert werden, kann ihr Vorhandensein auch nach
Minimierung der Emissionen iiber ldngere zeitliche und grofiere raumliche Skalen bestehen
bleiben (Hale et al,, 2022, 2020). Da die Wasseraufbereitung fiir solche Stoffe ineffizient ist,
werden sie am besten in der Produktions- und Nutzungsphase durch Risikobeherrschung oder
Risikobegrenzungsstrategien gehandhabt.

Die zentralen Empfehlungen an Hersteller, Importeure, nachgeschaltete Anwender, lokale
Behorden, Wasserversorger und Regulierer der Européischen Kommission, der ECHA und der
Mitgliedstaaten bestehen darin, die Verschmutzung der bisher in den Ressourcen unserer
Trinkwésser detektierte PMT/vPvM-Stoffe zu verringern. In den meisten Fallen beinhaltet dies
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mehr Monitoring, verbesserte Risikobewertungen und die Ermittlung von Quellen. Diese
Mafdnahmen unterstiitzen die Entwicklung von Risikobegrenzungsstrategien zur
Emissionsreduzierung und férdern praventive Mafdnahmen gegen kiinftige Emissionen. Falls
dies nicht ausreichen sollte, konnten regulatorische Maffnahmen wie Zulassungspflicht und
Beschrankungen unter REACH erforderlich sein.

This report is part of research project (FKZ 3719 65 408 0) that started in 2019 to address several
aims related to the implementation and utilization of the PMT/vPvM criteria to assist REACH
registrants, regulators, researchers and the water sector to help develop strategies for managing
these hazardous substances. The key results of this project are presented in four reports:

Arp, H.P.H., Hale, S.E. (2023):

REACH: Guidance and Methods for the Identification and Assessment of PMIT/vPvM Substances.

UBA TEXTE 19/2023. Neumann, M., Schliebner, I. [ed.], ISSN 1862-4804. German Environment Agency (UBA), Dessau-
RoRlau, Germany, 66 pages
https://www.umweltbundesamt.de/publikationen/reach-guidance-methods-for-the-identification

Arp, H.P.H., Hale, S.E., Neumann, M. (2023):

PMT/vPvM assessment of REACH registered Substances Detected in Wastewater Treatment Plant Effluent, Freshwater
Resources and Drinking Water.

UBA TEXTE 20/2023. Neumann, M., Schliebner, I. [ed.], ISSN 1862-4804 German Environment Agency (UBA), Dessau-
Roflau, Germany, 259 pages
https://www.umweltbundesamt.de/publikationen/pmtvpvm-assessment-of-reach-registered-substances

Arp, H.P.H., Hale, S.E., Schliebner, I., Neumann, M. (2023):

Prioritised PMT/vPvM substances in the REACH registration database.

UBA TEXTE 21/2023. Neumann, M., Schliebner, I. [ed.], ISSN 1862-4804. German Environment Agency (UBA), Dessau-
RoRlau, Germany, 177 pages

https://www.umweltbundesamt.de/publikationen/prioritise d-pmtvpvm-substances-in-the-reach

Arp, H.P.H., Hale, S.E., Borchers, U., Valkov V., Wiegand, L., Zahn, D., Neuwald, I., N6dler, K. Scheurer, M. (2023):

A prioritization framework for PMT/vPvM Substances under REACH for registrants, regulators, researchers and the
water sector.

UBA TEXTE 22/2023. Neumann, M., Schliebner, I. [ed.], ISSN 1862-4804. German Environment Agency (UBA), Dessau-
RofRlau, Germany, 238 pages
https://www.umweltbundesamt.de/publikationen/a-prioritization-framework-for-pmtvpvm-substances

This report (UBA TEXTE 20/2023) is the second in the series, which presents an investigation of the
number of substances detected in six water media that are in the REACH registration database and
meet the PMT/vPVM criteria. The other three reports present: updated guidance and methods for
the identification and assessment of PMT/vPvM substances registered under REACH (UBA TEXTE
19/2023); the UBA list of prioritized PMT/vPvM substances in the REACH registration database
(UBA TEXTE 21/2023); and, a prioritization framework for PMT/vPvM substances under REACH for
identifying which PMT/vPvM substances need the most urgent attention (UBA TEXTE 22/2023).
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TEXTE PMT/vPvM assessment of REACH registered Substances Detected in Wastewater Treatment Plant Effluent,
Freshwater Resources and Drinking Water

1 Introduction

Over the past twenty years, producers of European drinking water have been noticing an
increasing amount of new, hydrophilic chemicals in their water supply, many of which exceed
concentrations considered safe and in addition are expensive and difficult to remove (Pronk et
al,, 2021). The origins of these chemicals can be numerous, as the amount and diversity of novel
substances is increasing globally (Wang et al., 2020). In 2008 it was already anticipated that the
inclusion of the PBT/vPvB criteria in REACH would drive chemical innovation towards more
hydrophilic and mobile substances that may appear in the sources of drinking water
(Hogenboom et al,, 2008). Until recently, it was not even possible to measure many of these
hydrophilic substances included under REACH during environmental monitoring studies, due to
a lack of interest or analytical methodologies. However, increasing observations of these
substances in water supplies has prompted extended monitoring campaigns and emerging
analytical methods for mobile chemicals (Neuwald et al., 2021; Pronk et al,, 2021; Schulze et al,,
2019).

Therefore, with the emergence of such studies, and the registration of more mobile substances
under REACH, a review of water monitoring studies was carried out here to identify if REACH
registered substances commonly detected in water media and also if REACH registered
substances that are persistent and mobile have a significant higher likelihood to be detected in
drinking water relevant media.

This is the first report to present an explicit investigation of the presence of REACH registered
substances in a large variety of water media, as well as the first to correlate this with persistence
and mobility.
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TEXTE PMT/vPvM assessment of REACH registered Substances Detected in Wastewater Treatment Plant Effluent,
Freshwater Resources and Drinking Water

2 Methods

2.1 Literature reviewed

The literature review for substances detected in wastewater treatment plant effluent (WTPE),
surface water (SW), bank filtrate (BF), groundwater (GW), raw water (RW) and drinking water
(DW) was carried out by searching for monitoring studies reported between the years 2000 to
2019. RW is defined as the water entering a drinking water production facility. The sources of
RW can be BF, GW or SW. WTPE specifically refers to water after its treatment at a full-scale
water treatment plant, and not to water sampled entering or within a water treatment plant.

The literature search was concluded on December 2019. It was performed using the search
terms "organic chemical”, "contaminant”, "monitoring" and the full name of the water media,
using Google Scholar (scholar.google.com) and Clarivate Web of Science (webofscience.com). As
the focus was on detected substances, no search filter was applied for geographical region, water
treatment technology, or local hydrogeological conditions. Additional monitoring studies that
were provided to the authors from UBA and others during the data collection phase were also

used.

The aim of the literature review was not to collect data for every substance ever detected in all
water media in the entirety of peer-reviewed and grey literature. It was also not the aim to
collect data for substances that were monitored for but were not detected. Rather, the aim of the
literature review was to assemble a sufficiently large list of substances that have been detected
to investigate the prevalence of REACH registered substances within the list and the distribution
of the substance's PMT/vPvM conclusion. For this reason, monitoring studies with large
numbers of organic chemicals, and, compilations of such monitoring studies were primarily
consulted. In total, 55 studies were included (Table 1).

Table 1: The 55 studies included in the literature review

Grouped by wastewater treatment plant effluent (WTPE), surface water (SW), bank filtrate (BF), groundwater (GW), raw
water (RW) and drinking water (DW)

Water Citation | Full reference
Media Index

Ahrens, L., Felizeter, S., Sturm, R., Xie, Z., & Ebinghaus, R. (2009). Polyfluorinated compounds in
WO01 | wastewater treatment plant effluents and surface waters along the River Elbe, Germany. Marine
pollution bulletin, 58(9), 1326-1333.

Botero-Coy, A. M., Martinez-Pachdn, D., Boix, C., Rincdn, R. J., Castillo, N., Arias-Marin, L. P., ... &
W02 | Hernandez, F. (2018). An investigation into the occurrence and removal of pharmaceuticals in
Colombian wastewater. Science of the total environment, 642, 842-853.

Carballa, M., Omil, F., Lema, J. M., Llompart, M., Garcia-Jares, C., Rodriguez, I., ... & Ternes, T. (2004).
W03 Behavior of pharmaceuticals, cosmetics and hormones in a sewage treatment plant. Water research,
38(12), 2918-2926.

Deblonde, T., Cossu-Leguille, C., & Hartemann, P. (2011). Emerging pollutants in wastewater: a review

woa of the literature. International journal of hygiene and environmental health, 214(6), 442-448.

Gracia-Lor, E., Sancho, J. V., Serrano, R., & Herndndez, F. (2012). Occurrence and removal of
W05 pharmaceuticals in wastewater treatment plants at the Spanish Mediterranean area of Valencia.
Chemosphere, 87(5), 453-462.

(442 detected substances)

Kock-Schulmeyer, M., Villagrasa, M., de Alda, M. L., Céspedes-Sanchez, R., Ventura, F., & Barceld, D.

impact. Science of the total environment, 458, 466-476.

Wastewater treatment plant effluent (WTPE)

WO06 | (2013). Occurrence and behavior of pesticides in wastewater treatment plants and their environmental

Behera, S. K., Kim, H. W., Oh, J. E., & Park, H. S. (2011). Occurrence and removal of antibiotics,
wWo7 hormones and several other pharmaceuticals in wastewater treatment plants of the largest industrial
city of Korea. Science of the Total Environment, 409(20), 4351-4360.
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Water
Media

Citation
Index

Full reference

W08

Loos, R., Carvalho, R., Anténio, D. C., Comero, S., Locoro, G., Tavazzi, S., ... & Jarosova, B. (2013). EU-
wide monitoring survey on emerging polar organic contaminants in wastewater treatment plant
effluents. Water research, 47(17), 6475-6487.

W09

Miao, X. S., Bishay, F., Chen, M., & Metcalfe, C. D. (2004). Occurrence of antimicrobials in the final
effluents of wastewater treatment plants in Canada. Environmental science & technology, 38(13), 3533-
3541.

W10

Rosal, R., Rodriguez, A., Perdigdn-Meldn, J. A., Petre, A., Garcia-Calvo, E., Gdmez, M. J., ... & Fernandez-
Alba, A. R. (2010). Occurrence of emerging pollutants in urban wastewater and their removal through
biological treatment followed by ozonation. Water research, 44(2), 578-588.

Wil

Stasinakis, A. S., Mermigka, S., Samaras, V. G., Farmaki, E., & Thomaidis, N. S. (2012). Occurrence of
endocrine disrupters and selected pharmaceuticals in Aisonas River (Greece) and environmental risk
assessment using hazard indexes. Environmental Science and Pollution Research, 19(5), 1574-1583.

W12

UBA. (2018) PHARMS-UBA. V2-2018 version. Database Pharmaceuticals in the Environment. German
Environment Agency. https://www.umweltbundesamt.de/en/database-pharmaceuticals-in-the-
environment-0.

Surface water (SW)
(1021 detected substances)

So1

Fang, W., Peng, Y., Muir, D., Lin, J., & Zhang, X. (2019). A critical review of synthetic chemicals in surface
waters of the US, the EU and China. Environment international, 131, 104994.

S02

Schulze, S., Zahn, D., Montes, R., Rodil, R., Quintana, J. B., Knepper, T. P., ... & Berger, U. (2019).
Occurrence of emerging persistent and mobile organic contaminants in European water samples.
Water research, 153, 80-90.

S03

Huang, C., Jin, B., Han, M., Yu, Y., Zhang, G., & Arp, H. P. H. (2021). The distribution of persistent,
mobile and toxic (PMT) pharmaceuticals and personal care products monitored across Chinese water
resources. Journal of Hazardous Materials Letters, 2, 100026.

S04

Kolkman, A., Vughs, D., Sjerps, R., Kooij, P.J., van der Kooi, M., Baken, K., Louisse, J. and de Voogt, P.
(2021). Assessment of Highly Polar Chemicals in Dutch and Flemish Drinking Water and Its Sources:
Presence and Potential Risks. ACS ES&T Water, 1(4), pp.928-937.

S05

Scheurer, M., Nodler, K., Freeling, F., Janda, J., Happel, O., Riegel, M., Mdller, U., Storck, F.R., Fleig, M.,
Lange, F.T. and Brunsch, A., 2017. Small, mobile, persistent: Trifluoroacetate in the water cycle—
overlooked sources, pathways, and consequences for drinking water supply. Water research, 126,
pp.460-471.

S06

UBA. (2018) PHARMS-UBA. V2-2018 version. Database Pharmaceuticals in the Environment. German
Environment Agency. https://www.umweltbundesamt.de/en/database-pharmaceuticals-in-the-
environment-0.

Bank filtrate (BF)
(114 detected substances)

BO1

Stepien, D. K., Regnery, J., Merz, C., & Plttmann, W. (2013). Behavior of organophosphates and
hydrophilic ethers during bank filtration and their potential application as organic tracers. A field study
from the Oderbruch, Germany. Science of the total environment, 458, 150-159.

B02

Nagy-Kovacs, Z., Laszl6, B., Fleit, E., Czichat-Martonné, K., Till, G., Bornick, H., ... & Grischek, T. (2018).
Behavior of organic micropollutants during river bank filtration in Budapest, Hungary. Water, 10(12),
1861.

BO3

Heberer, T., Verstraeten, I. M., Meyer, M. T., Mechlinski, A., & Reddersen, K. (2001). Occurrence and
fate of pharmaceuticals during bank filtration—preliminary results from investigations in Germany and
the United States. Journal of Contemporary Water Research and Education, 120(1), 2.

BO4

Albergamo, V., Schollée, J. E., Schymanski, E. L., Helmus, R., Timmer, H., Hollender, J., & De Voogt, P.
(2019). Nontarget screening reveals time trends of polar micropollutants in a riverbank filtration
system. Environmental science & technology, 53(13), 7584-7594.

BO5

Huang, C., Jin, B., Han, M., Yu, Y., Zhang, G., & Arp, H. P. H. (2021). The distribution of persistent,
mobile and toxic (PMT) pharmaceuticals and personal care products monitored across Chinese water
resources. Journal of Hazardous Materials Letters, 2, 100026.

BO6

Scheurer, M., Nodler, K., Freeling, F., Janda, J., Happel, O., Riegel, M., Miiller, U., Storck, F.R., Fleig, M.,
Lange, F.T. and Brunsch, A., 2017. Small, mobile, persistent: Trifluoroacetate in the water cycle—
overlooked sources, pathways, and consequences for drinking water supply. Water research, 126,
pp.460-471.

BO7

UBA. (2018) PHARMS-UBA. V2-2018 version. Database Pharmaceuticals in the Environment. German
Environment Agency. https://www.umweltbundesamt.de/en/database-pharmaceuticals-in-the-
environment-0.

Groundwater
(GW)
(338 detected

substances)

GO1

Loos, R., Locoro, G., Comero, S., Contini, S., Schwesig, D., Werres, F., Balsaa, P., Gans, O., Weiss, S.,
Blaha, L., 2010. Pan-European survey on the occurrence of selected polar organic persistent pollutants
in groundwater. Wat. Res. 44, 4115-4126.

G02

EC, 2016. Groundwater Watch List: Pharmaceuticals Pilot Study: Monitoring Data Collection and Initial
Analysis. p. 65.
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Water
Media

Citation
Index

Full reference

GO03

Barnes, K.K., Kolpin, D.W., Furlong, E.T., Zaugg, S.D., Meyer, M.T., Barber, L.B., 2008. A national
reconnaissance of pharmaceuticals and other organic wastewater contaminants in the United States —
1) Groundwater. Sci. Total Environ. 402, 192-200.

G04

Lapworth, D., Baran, N., Stuart, M., Ward, R., 2012. Emerging organic contaminants in groundwater: a
review of sources, fate and occurrence. Environ. Pollut. 163, 287-303.

GO05

Kuhlmann, B., Skark, C., Zullei-Seibert, N., 2010. Definition and assessment of chemicals relevant to
drinking water within the framework of the EU regulation REACH and recommendations for screening
for potentially critical substances [in German]. Research project FKZ No 363 01 241 funded by the
German Environment Agency (UBA), Report by Institut fiir Wasserforschung (IfW) GmbH. Schwerte,
Germany, p. 97.

G06

Zogorski, J.S., Carter, J.M., Ivahnenko, T., Lapham, W.W., Moran, M.J., Rowe, B.L., Squillace, P.J.,
Toccalino, P.L., 2006. Volatile organic compounds in the nation’s groundwater and drinking-water
supply wells. US Geological Survey Circular 1292, 101.

GO07

Jurado, A., Vazquez-Sufié, E., Carrera, J., de Alda, M.L., Pujades, E., Barceld, D., 2012. Emerging organic
contaminants in groundwater in Spain: a review of sources, recent occurrence and fate in a European
context. Sci. Total Environ. 440, 82-94.

G08

Schulze, S., Zahn, D., Montes, R., Rodil, R., Quintana, J.B., Knepper, T.P., Reemtsma, T., Berger, U., 2019.
Occurrence of emerging persistent and mobile organic contaminants in European water samples. Wat.
Res. doi.org/10.1016/j.watres.2019.01.008

G09

Berg, M., Miiller, S.R., Mihlemann, J., Wiedmer, A., Schwarzenbach, R.P., 2000. Concentrations and
mass fluxes of chloroacetic acids and trifluoroacetic acid in rain and natural waters in Switzerland.
Environ. Sci. Technol. 34, 2675-2683.

G10

Tollefsen, K. E., Nizzetto, L., & Huggett, D. B. (2012). Presence, fate and effects of the intense
sweetener sucralose in the aquatic environment. Science of the Total Environment, 438, 510-516.

Gl11

Gebbink, W.A., van Asseldonk, L., van Leeuwen, S.P., 2017. Presence of emerging per-and
polyfluoroalkyl substances (PFASs) in river and drinking water near a fluorochemical production plant in
the Netherlands. Environ. Sci. Technol. 51, 11057-11065.

G12

Troger, R., Klockner, P., Ahrens, L., Wiberg, K., 2018. Micropollutants in drinking water from source to
tap-method development and application of a multiresidue screening method. Sci. Total Environ. 627,
1404-1432.

G13

Kiefer, K., Du, L., Singer, H., & Hollender, J. (2021). Identification of LC-HRMS nontarget signals in
groundwater after source related prioritization. Water Research, 196, 116994.

G14

Huang, C., Jin, B., Han, M., Yu, Y., Zhang, G., & Arp, H. P. H. (2021). The distribution of persistent,
mobile and toxic (PMT) pharmaceuticals and personal care products monitored across Chinese water
resources. Journal of Hazardous Materials Letters, 2, 100026.

G15

UBA. (2018) PHARMS-UBA. V2-2018 version. Database Pharmaceuticals in the Environment. German
Environmnent Agency. https://www.umweltbundesamt.de/en/database-pharmaceuticals-in-the-
environment-0.

Raw water (RW)
(212 detected substances)

RO1

Colin, A., Bach, C., Rosin, C., Munoz, J. F., & Dauchy, X. (2014). Is drinking water a major route of human
exposure to alkylphenol and bisphenol contaminants in France? Archives of environmental
contamination and toxicology, 66(1), 86-99.

R0O2

Boiteux, V., Dauchy, X., Rosin, C., & Munoz, J. F. (2012). National screening study on 10 perfluorinated
compounds in raw and treated tap water in France. Archives of environmental contamination and
toxicology, 63(1), 1-12.

RO3

Terzi¢, S., Senta, I., Ahel, M., Gros, M., Petrovi¢, M., Barcelo, D., ... & Jovanci¢, P. (2008). Occurrence
and fate of emerging wastewater contaminants in Western Balkan Region. Science of the total
environment, 399(1-3), 66-77.

RO4

Huerta-Fontela, M., Galceran, M. T., & Ventura, F. (2011). Occurrence and removal of pharmaceuticals
and hormones through drinking water treatment. Water research, 45(3), 1432-1442.

RO5

Sjerps, R.M., Brunner, A.M., Fujita, Y., Bajema, B., de Jonge, M., Bauerlein, P.S., de Munk, J., Schriks, M.
and van Wezel, A., (2021). Clustering and prioritization to design a risk-based monitoring program in
groundwater sources for drinking water. Environmental Sciences Europe, 33(1), pp.1-13.

RO6

Focazio, M. J., Kolpin, D. W., Barnes, K. K., Furlong, E. T., Meyer, M. T., Zaugg, S. D., ... & Thurman, M. E.
(2008). A national reconnaissance for pharmaceuticals and other organic wastewater contaminants in
the United States—II) Untreated drinking water sources. Science of the total Environment, 402(2-3),
201-216.

Drinking water
(bw)
(385 detected

substances)

Do1

Kaboré, H.A., Duy, S.V., Munoz, G., Méité, L., Desrosiers, M., Liu, J., Sory, T.K., Sauvé, S., 2018.
Worldwide drinking water occurrence and levels of newly-identified perfluoroalkyl and polyfluoroalkyl
substances. Sci. Total Environ. 616, 1089-1100.

D02

Kuhlmann, B., Skark, C., Zullei-Seibert, N., 2010. Definition and assessment of chemicals relevant to
drinking water within the framework of the EU regulation REACH and recommendations for screening
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for potentially critical substances [in German]. Research project FKZ No 363 01 241 funded by the
German Environment Agency (UBA), Report by Institut fir Wasserforschung (IfW) GmbH. Schwerte,
Germany, p. 97.

D03

Stackelberg, P.E., Gibs, J., Furlong, E.T., Meyer, M.T., Zaugg, S.D., Lippincott, R.L., 2007. Efficiency of
conventional drinking-water-treatment processes in removal of pharmaceuticals and other organic
compounds. Sci. Total Environ. 377, 255-272.

D04

Benotti, M.J., Trenholm, R.A., Vanderford, B.J., Holady, J.C., Stanford, B.D., Snyder, S.A., 2008.
Pharmaceuticals and endocrine disrupting compounds in US drinking water. Environ. Sci. Technol. 43,
597-603.

D05

Troger, R., Klockner, P., Ahrens, L., Wiberg, K., 2018. Micropollutants in drinking water from source to
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1404-1432.

D06
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2.2 Data collected

The 55 studies were reviewed and the chemical names and other identifiers (e.g. CAS number,
EC number, etc.), as well as maximum reported concentrations of each detected substance were
extracted.

The maximum concentration was used because it was the only consistently reported value
across the monitoring literature. There were some studies that only reported median values and
no average values, while others reported either geometric or arithmetic averages and no median
value. The monitoring studies also varied in how they dealt with data below the limits of
detection or quantification when deriving these median and average statistic values. The second
reason the maximum concentration was used was because the maximum concentration
represents the worst-case, real world exposure scenario and can be considered as representing
the use of a precautionary approach.

The list of substances was also checked to ensure that monitoring data for the same substance
were combined before identifying the maximum concentrations. For this, the term "unique
chemical structure" is introduced. This was necessary as different chemical identifiers,
particularly name, CAS or EC numbers, are often used for the same unique chemical structure.
For instance, a "sodium acetate" (CAS 127-09-3 anhydrous and CAS 6131-90-4 trihydrate) and
"potassium acetate" (CAS 127-08-2) could be considered as three chemical substances if only
CAS numbers are used as the identifier. But here the "unique chemical structure” which is the
same between them all is "acetic acid" (CAS 64-19-7), when the counterions and hydration state
is not considered.

To identify unique chemical structures for each substance, the SMILES, InChl code and InChIKey
were collected. If an InChIKey was not available, it was generated from the SMILES or InChl
codes using the software OpenBabel (http://openbabel.org/wiki/Main_Page). If SMILES, InChl
codes or InChIKey were not available, then a SMILES was identified from the CAS number or
Substance Name using the ChemAxon "Name to Structure" converter (https://chemaxon.com/),
existing chemical databases as presented in Arp and Hale (202 3), or manually through PubChem
https://pubchem.ncbi.nlm.nih.gov/. Unique chemical structures were then organized based on
their InChIKey, by ignoring the last character, which referred to the protonation state. It is noted
that this approach is not specific to differentiating tautomers.

2.3. Presentation of data

The data in this report is presented in the order that describes a common environmental
pathway of a persistent substance in urban areas: WTPE->SW->BF->GW->RW->DW. To
elaborate, a persistent substance that is emitted into the urban wastewater infrastructure would
pass through a wastewater treatment plant as WTPE before entering lakes or rivers (SW). The
persistent substance could then travel from SW to BF if a nearby extraction well is present, or if
not, reach GW. Following this, RW which can comprise water from SW, BF or GW, is treated to
give DW. The DW is consumed and then excreted, enters the wastewater treatment plant, is
emitted again as WTPE, and the persistent substance has then completed the anthropogenic
water cycle and a full transport loop that can be repeated. The pathway described is just one
circular pathway. Persistent substances emitted in urban/industrial areas with poor
infrastructure, as well as pesticides in rural environments, can be directly emitted into SW or
GW, before entering a DW source. Even in such shorter pathways of SW->DW or GW->DW, the
persistent substances can be recycled with the water (Hale et al.,, 2022).
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2.3 REACH registration database

The REACH registration database as of September 2019 contained 22400 substances. After
attempting to identify the chemical structures for as many of these registered substances as
possible, using the method described in Arp and Hale (2023), there were 15474 substances for
which information on the chemical structure could be found. Amongst these there were in total
12960 unique chemical structures. After consulting databases of transformation reactions (Arp
and Hale, 2023), an additional 445 identifiable transformation products that were not already in
the REACH registration database were added to the list, giving a total of 13405 unique chemical
structures. This list was used to see how many of the detected unique chemical structures were
REACH registered (as of September 2019).

2.4 PMT/vPvM assessment

The PMT/vPvM assessment itself is presented for all REACH registered substances as of
September 2019 as detailed in Arp and Hale (2023). Here the PMT/vPvM conclusion for each
substance is presented using a traffic light colour scheme together with a text label (see Table 2).
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Table 2: Traffic light colour scheme representing the PMT/vPvM conclusion including the
corresponding level of data availability

Criteria or
PMT/vPVM
conclusion

Insufficient data

vP or vM

vPVvM & PMT

P,MorT

Potential P/vP++

Potential P/vP,
Potential M/vM or
Potential T

Potential
PMT/vPVvM

Not P, Not M or
NotT

Not PMT/vPVvM

Explanation

Data missing or data quality too poor or inconsistent to make a screening level
assessment

High quality data or sufficient weight-of-evidence that the criteria for vP or vM are
met

High quality data or sufficient weight-of-evidence that the criteria for vP and vM is
met

High quality data or sufficient weight-of-evidence that the criteria for vP, vM and T
criteria are met

High quality data or sufficient weight-of-evidence that the criteria for P, M or T are
met.

High quality data or sufficient weight-of-evidence that the criteria for P, Mand T, or
vP, M and Tor P, vM and T are met

High quality data or sufficient weight-of-evidence that the criteria for P and M, or vP
and M, or P and vM are met, but there are currently no high-quality consensus
conclusions that the criteria for T is met.

Sufficient weight-of-evidence that the criteria for P is very likely met, and possibly
the criteria for vP is met. This is considered as equivalent to P or in some cases vP
when making weight-of-evidence conclusions that the criteria for PM, PMT and
vPVM are met.

Screening data or low-quality data indicates that the criteria for P/vP, M/vM or T
could potentially be met. More high-quality data for sufficient weight-of-evidence is
needed to reach a conclusion.

Screening data or low-quality data indicates that the criteria for P/vP and M/vM
could potentially be met

High quality data or sufficient weight-of-evidence that the criteria for P, M or T are
not met.

High quality data or sufficient weight-of-evidence that either the criteria for P
and/or M are not met

Source: Arp and Hale (2023)
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3 Results

3.1 Detected substances

The highest number of substances were detected in SW, with 1021 unique chemical structures
across 6 studies. This is due to three potential reasons: (1) SW is most commonly monitored
within the six water media considered, (2) SW is contaminated by many different sources such
as WTPE, agricultural sites and rural industries and (3) SW is the only media where there is no
natural/engineered degradation or filtration that occurred above point of sampling. The two
media with the fewest substances identified were BF (114 substances across 7 studies) and RW
(212 substances across 6 studies). This is partly related to the fact that sampling campaigns of
BF and RW require coordination with local authorities and water producers to access wells in
protected areas. Therefore, reported monitoring studies of these media are comparatively rare.
Many unique chemical structures could be identified in DW (385 substances across 22 studies)
and GW (338 substances across 15 studies). DW and GW are easier to sample than BF and RW,
as they only require either access to a tap or an accessible groundwater well, respectively. For
WTPE, which also requires coordination with local authorities, but is inherently a more
contaminated water media, there were 442 unique chemical structures found across 12 studies.

The entire list of 1289 substances detected in the selected water media is presented in Table 3.
Maximum detected concentrations (max, ng/L)) are reported in the columns WTPE =
wastewater treatment plant effluent, SW =surface water; BF = bank filtrate; GW = Groundwater;
RW = raw water; DW = drinking water, following path of likelihood to be consumed as drinking
water from left to right. Substances are ordered in this list based on the number of media they
were detected in, with substances detected in all 6 media on the top, and just one on the bottom.
When substances are detected in five or fewer media, substances detected in DW are placed on
the top, followed by RW, GW, BF, SW and WTPE.

Other information provided in these tables include:

Chemical Identifiers - The CAS, EC and full name of one REACH registered substance
containing the unique chemical structure are presented in three columns, followed by
the column "Other REACH substances & precursors” uses the formatting (x)-yyy. Where
yyy is given in the priority EC, CAS if no EC, and InChIKey if no CAS, and (x) can be: (p) =
monoconstituent substances; (s#) = multi-constituent substance/salt, where if the
number is 1 it is the heaviest organic constituent in the mixture, 2 is the second heaviest
(or equally heavy), etc. (t#) = refers to known the transformation products of yyy, with
#=1 being the heaviest transformation product, #=2 the second heaviest, (t#-#) refers to
second step transformation products, e.g. t1-2 is the second transformation product of
the t1 transformation product of the yyy).

PMT/vPvM Conclusion - For REACH registered substances only: the PMT/vPvM
conclusion is presented for a) the criteria proposed by the UBA in 2019 and b) the less
stringent criteria proposed by the EC in 2021. The reason for a discrepancy between the
two conclusions is exclusively due to the M/vM criteria and an explanation is presented.
Note: "vP-WoE" means vP based on weight-of-evidence and corresponds to the weight-
of-evidence conclusion "Potential P /vP++" (Arp and Hale, 2023).

P-rationale - Presents the conclusion for the P/vP assessment (either P, vP or "Potential
P/P++", and the data or evidence to support this conclusion. "est. t1/2" refers to
estimated half-life in water using a QSAR as part of weight-of-evidence (note that this
QSAR as errors of a factor 10, Therefore, it is not the basis of the P conclusion), measured
max t1/2 is a simulated half-life that is used directly for the persistency assessment if
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available (Arp and Hale, 2023). This is only presented for REACH registered substances,
non-REACH registered substances are labelled "n.a." for not available.

M-rationale - Presents the conclusion for the M/vM assessment using the criteria
proposed by the UBA and the criteria proposed by the EC, along with the data (log Koc if
available) or evidence (log Kow/log Dow) to support this conclusion. The terms "(2a),
(2b), (2c)" refer to a weight-of-evidence approach (Arp and Hale, 2023). This is only
presented for REACH registered substances; non-REACH registered substances are
labelled "n.a." for not available.

T-rationale - Presents the conclusion for the T assessment (Arp and Hale, 2023) with
abbreviations, including: Carc= carcinogenic; Mut= mutagenic; Rep = Reprotoxic; STOT-
RE = Specific target organ toxicity; "Under_Asses" = Under assessment by ECHA;
"BroadConsensus” = Broad Consensus by ECHA, "Minority Opinion" = Minority opinion
according to ECHA. "Pro. S.P. ED" means it was on a 2014 list from ECHA of suspected
Endocrine Disruptors (Arp and Hale, 2023), EcoTox = meets the ecotoxicity criteria for T
according to references provided in (Arp and Hale, 2023); DNEL=Derived no-effect level;
Cramer Cl. III = Crammer class IIl indication. For more information please see Arp and
Hale (2023). This is only presented for REACH registered substances; non-REACH
registered substances are labelled "n.a." for not available.

REACH tpa - Presents if the substance was in the REACH database as of September
2019, and if so, with registration volumes > 10 tpa or < 10 tpa.

Detection (ref index) - refers to information about detecting in the following drinking
water relevant media are available: WTPE = wastewater treatment plant effluent, SW =
surface water, BF = Bank filtrate, GW = groundwater, RW = raw water, DW =drinking
water, For more information about this column, refer to Table 1, which presents the
reference index.
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Table 3:

Detected substances wastewater treatment plant effluent, freshwater resources and drinking water, along with if they were registered
under REACH (as of September 2019) or not.

Cas No.

EC No.

Name

Other REACH
substances &
precursors!

UBA
PMT/vPVvM
conclusion

EC Prop.
PMT/vPVvM
conclusion

Rationale

M
Rationale

T
Rationale

REACH
tpa

Detection
(ref index)

723-46-6

Sulfamethoxazole

117-96-4

204-223-6

3,5-diacetamido-2,4,6-

triiodobenzoic acid

60166-93-
0

lopamidol

60-80-0

200-486-6

Phenazone

57-68-1

200-346-4

Sulfadimidine

Not REACH

Not REACH

Not REACH

Not REACH

n.a.

n.a.

DW: max 30 ng/L
(D10,D17,D16,D18,D21,D04)

GW: max 7 300 ng/L
(G04,G01,G02,G03,G07,G15,G13,G14)
RW: max 12 ng/L (R03)

BF: max 82 ng/L (B07,802,B03)

SW: max 48 699 000 ng/L (S01,503)
WTPE: max 8 263 000 ng/L
(W12,W08,W02,W03,W04,W07,W09,
W10)

Potential P/vP++:
inferred from presence in monitoring studies
(UBA, 2019)

UBA: vM

EC: vM

min Dow=-0.6
(2b)

Cramer CLIII

<10

DW: max 1 200 ng/L (D09,D10)
GW: max 1 000 ng/L (G02,G13)
RW: max 70 ng/L (RO5)

BF: max 4 000 ng/L (B07)

SW: max 100 000 ng/L (S06,501)
WTPE: max 8 400 000 ng/L
(W08,W04,W12)

n.a.

n.a.

DW: max 100 ng/L (D10,D02)
GW: max 2 400 ng/L (G04,G02)
RW: max 63 ng/L (RO5)

BF: max 1 400 ng/L (B07)

SW: max 1 223 000 ng/L (S06,501)
WTPE: max 170 981 ng/L
(W12,W04,W08)

Potential P/vP++:
inferred from presence in monitoring studies
(UBA, 2019)

UBA: vM
EC:vM
exp log Koc=-0.8

<10

DW: max 400 ng/L
(D09,D18,D17,D02,D10)

GW: max 3 950 ng/L (G02,G04,G13)
RW: max 80 ng/L (RO5)

BF: max 1 250 ng/L (B07)

SW: max 2 500 ng/L (S06,501,504,S03)
WTPE: max 1 127 000 ng/L
(W12,W04,W10)

Potential P/vP++:

estimated t1/2 (error factor 10) = 211d,
weight-of-evidence by discovery in
monitoring studies (UBA, 2019), and
consistent indications of P across tested
QSARs

UBA: vM
EC: vM
exp log Koc=0.7

Cramer CLIII

<10

DW: max 90 ng/L (D17,D16)

GW: max 3 600 ng/L
(G15,G14,G13,G04,G03,G05,G07)
RW: max 0 ng/L (RO3,R05)

BF: max 6 ng/L (B07)

SW: max 680 000 ng/L (S06,501,503)
WTPE: max 640 ng/L (W12,W07,W09)
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Other REACH UBA EC Prop. .
Cas No. EC No. Name substances & | PMT/vPvM |PMT/vPvM P . M . T . REACH Dete_ctlon
a . . |Rationale Rationale Rationale tpa (ref index)
precursors conclusion | conclusion
vP:
No degradation in OECD TG 309 (Hofman-
Caris and ClaRRen, 2020). Calculated half-life
was 1Hbenzotriazole: >10.000 days