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Preface

In an attempt to explain how | ended up writing this PhD thesis, | think | have to go back in time
(a little). Ever since our childhood, dad never ceased to repeat the tree’s and animal’s
(especially bird’s) names surrounding us in the garden or outside in general. To date, | have
not encountered a person that showed more interest in the local flora and fauna. Whenever
one project was finished (or often enough only half way), he came up with another idea on how
to make our garden a little more environmental friendly. Piles of old wood or stones, insect
hotels, various sorts of local fruit trees, just to name of few of his “innovations” to support animal
welfare in our garden.

So while dad kept telling us how important it is to support local wildlife, after graduating from
high school, | decided to explore some very distinct natural environment: VENEZUELA. 10.5
months abroad not only allowed me to learn the Spanish language but also incepted me with
the idea that a life around the globe would be amazing. In an attempt to combine environment-
related studies and globetrotting | started studying Bioscience Engineering (or agronomy as |
used to call it) at AgroBioTech Gembloux in September 2007. Short story, | failed miserably! |
won't try to explain the reasons why (French, laziness, wrong education system for my
workwise) but rather look back at it as being a chance for a re-orientation. Obviously, it didn’t
result in a huge change since | was almost on my way to study agronomy in Bonn when the
acceptance letter for studying biology in Aachen arrived. Great! Living at home, being able to
continue playing soccer and scouting, and studying next door. The perfect combination and
after finishing the Bachelor, “I can still go for a Master in an agronomy-related field”. Might be
that soccer, scouts and living at home contributed to the one year delay in finishing my
Bachelor but | don’t want to miss any of the time. Here a big shout-out to my fellow scout
leaders and friends (Bagge “nowadays preferably “Raphaél’, Blanc, Dave, Dome, Kaa
(Dennis), Kaa (Tom), Maga, Maxime, Lena, PC, Ruth, Sebi, Titte, Zita,... Early on, in 2008, |
further strengthened my bounds to Raeren by forming a couple with a local (scout) girl, Sophie.
Living at home wasn’t that bad after all!

Finishing our Bachelor’s together in 2012 finally took me back to Venezuela for a whole month
of traveling together with you. Great times and a moment to thank my host parents and siblings
who considerably contributed to my personal development at a crucial time: mama Gladys y
Orangel con Angélica, Jhonangel y Mariangel, mama Fabiola y papa Francisco con Mariana.
Gracias por recibirme con tanto carifio y por estar en contacto hasta hoy en dia! Ya no puedo
esperar de volverlos a ver algun dia.

But back to the educational track. Settled at home, and having delved into environmental
sciences in the last year of my Bachelor’'s studies, | signed up for the relatively new Master
course in ecotoxicology or “Okotoxikologie” as the Germans call it. Oko...was? Yes indeed,
it's a complicated term but at the end it (kind of) makes sense. A combination of environment
(thanks dad!) and Toxicology (no clue how this fits into the family’s history). Anyhow, the
flexibility of the master’s allowed me to re-discover the globetrotter that had been on hold for a
few years. Excursions to Leipzig or the beautiful island Sardinia were only topped by 8 months
in Stockholm, an unforgotten experience both socially and professionally. Together with
starting the Master | was already speaking of the PhD that would follow and | still hear mom’s
and dad’s voice: “Please take it one step at a time!” They seem to know me good enough to



forecast that it would again take longer than the foreseen 2 years to finish the Master. But,
here | am, | guess! Keeping the promises | gave to myself back then.

Getting there would not have been possible without two people and | want to thank you, Karel
and Colin for thinking sometime in June 2015 that | could be the right candidate to fill this PhD
position. | certainly needed a while to pay back this trust and am grateful for giving me this
opportunity. Colin, thanks for always being critical and straightforward but also sharing an
encouraging advise every once in a while. Karel, if someone would ask me to describe the
perfect supervisor for a PhD, | would shout your name! You perfectly managed the balance
between giving me space and time to develop and try out things and close supervision to force
advancements. Your input in our discussions offered so many possible tracks. After all those
years, I'm still astonished when you start writing down some statistical formula from scratch!
Thank you for carrying me through this PhD in the right moments and offering me the
opportunity for personal development (e.g. via involvement in SETAC) in parallel. Finally, | also
want to thank my colleagues. Thanks for heartily welcoming that German-speaking guy in
Flanders to my favorite (West-)Flemings: Arne, Charlotte, Emmy, Gert, Giséle, llias, Jana,
Jolien, Jonathan, Karel (2), Karel (3), Olivier, Nancy, Niels, Sigrid, Wout and Yana. You made
me feel welcome as of the beginning. Another shout-out to my international colleagues and
friends: Abegail, Cecilia, Daniel, Jodo, Natalia, Sharon, Simon, Tiptiwa, etc. | definitely felt like
moving to a foreign country in the beginning, too! A few other people that also contributed
considerably to the fact that Ghent felt like a second home were my housemates, Els (speciaal
bedankt voor je bijdrage aan de voortdurende verbetering van mijn Nederlands), Tom and
Mieke. Thank you all for the numerous activities and drinks we shared but also for advising (on
my research) when needed and for any kind word in a tough phase. Of course, | would also
like to thank the NewSTHEPS project colleagues, especially Camille, Francis, Steve, Kristof
and Lynn. My fellow PhD students, Camille, Francis and Steve, thanks for unforgettable
sampling campaigns and field trips but also fruitful discussions and collaborations. Finally, |
would also like to thank the jury members for dedicating time to reading and commenting on
my thesis. Your feedback helped to considerably improve this thesis and | enjoyed discussing
my work with you.

Ook wil ik Marianne bedanken voor al je hulp en steun tijdens de voorbije vier en half jaren.
Moest je in het begin nog zo goed als alle Nederlandstalige e-mails vertalen, kunnen we
ondertussen gemakkelijk op Nederlands (of is het in het Gents?) praten. Dit ten minste
wanneer je herinnert dat ik je nu ook in het Nederlands versta... Jou waarde voor het labo is
onschatbaar en ik hoop dat we ten minste op de receptie van mijn verdediging nog een laatste
foto voor onze EOTMD serie kunnen maken!

Uiteindelijk wil ik ook nhog Emmanuel bedanken, je stekt uit als innig vriend. Thanks for the
numerous adventures that enriched my weekly stay in Ghent. | hope to keep up with the good
traditions and gather for future matches of the Red Devils in Brussels every now and then.
Even though you failed at triggering my passion for cycling (that would probably have turned
me into THE Belgian), | appreciate you for sharing and explaining every small detail of the
Flemish culture. Also thanks for countless chats over lunch or after hours! You definitely heavily
contributed to me enjoying every minute in Ghent.

Und dann ist da noch Josef. So lange wie unsere Wege sich jetzt schon kreuzen, bin ich fast
schon versucht, schonmal einen Platz Bei P&G fur dich zu reservieren! Danke fur dein offenes



Ohr und deinen unschéatzbar wertvollen Input. Dein Auge firs Detail und deine so
unterschiedliche Denkweise werden mir definitiv in Zukunft fehlen! Deine einfihlsame Weise
und realistische Betrachtung der verschiedensten Situationen hat mir ein ums andere Mal den
Kopf gerettet. Auch héatte ich mir keinen besseren Partner fir die Organisation des YES
Meetings vorstellen konnen. Danke fur alles!

Die letzten viereinhalb Jahre waren vor allem durch Verzicht gepragt. Der Spagat zwischen
Raeren und Gent war nicht immer selbstverstandlich und ware ohne euer mir entgegen
gebrachtes Verstandnis nicht mdglich gewesen. Danke, dass ihr die Situation immer so
akzeptiert und hingenommen habt, wie sie ist und trotzdem immer da wart, wenn ich euch
brauchte, Nicolas und Zeno. Ihr seid und werdet immer eine zentrale Stiitze in meinem Leben
sein und ich freue mich auf die kommenden Jahre mit euch als meine besten Freunde. Danke
auch an die Jungs von der Reserf'! Die regelmafiigen Siege sonntags morgens waren der
perfekte Ausgleich zur meist geistigen Arbeit unter der Woche! Auf viele weitere Titel!

Die zweite zentrale Stiitze ist ohne Frage meine Familie, Papa, Mama, Esther, Martin (mit
Teresa und Henrik), Rebekka, Matthi, Dagmar, Armin, Irina und Benno, Tobi und Jana, Anna,
Oma. Was wurden wir gleich zu Beginn meines Doktorats gefordert. Den ersten Lichtblick
2016 gab es fir uns mit Ausnahme des 20. Mai sicherlich erst am 20. September. Den Rest
davor wirden wir sicherlich alle am liebsten streichen. Papa, du fehlst! Und es sind eben
solche Momente wie dieser, die das Verdrangen verdréangen. Ich muss ehrlich gestehen, dass
ich mir die Zeit zum Erinnern viel zu selten nehme; dass ich kein Freund von Friedhofen bin,
ist glaube ich bekannt. Wie eingangs beschrieben, wiirde ich ohne dich sicherlich nicht hier
sitzen und diese Zeilen schreiben. Es tut weh, Nicolas im Garten zu sehen und zu wissen, wie
sehr du es genossen héttest, diesen mit ihm zu erkunden. Was uns bleibt ist die Erinnerung
an viele wertvolle Momente mit dir und die Hoffnung, dass ich es auch nur ansatzweise
schaffe, ein so guter Vater zu sein wie du. Und doch, hat 2016 auch positive Dinge hervor
gebracht. Die Unterstiitzung durch viele gute Freunde und der Zusammenhalt den diese Zeit
in unserer Familie gefdrdert hat, prdgen uns auch heute noch. Ich denke, dass wir
beispielsweise in dieser auRergewdhnlichen Zeit davon profitieren. Fir Mama, Esther und
Rebbi sind Worte zu wenig. Danke fur alles!

Liebe Sophie, diese vergangenen 4,5 Jahre haben schlief3lich auch dazu gefiihrt, dass wir
unsere eigene kleine Familie gegrindet haben. Ohne deine Riickendeckung und die perfekte
Ablenkung durch gemeinsames Spielen mit Nicolas ware das alles sicherlich nicht mdglich
gewesen. Es ist schwierig die Dankbarkeit auszudriicken, die ich fur deine Aufopferung in den
vergangenen Jahren empfinde. Die wenigsten hatten wohl die Kraft und Bereitschaft, wahrend
fast 3 Jahren an funf von sieben Tagen alleine ein Baby/Kleinkind grof3 zu ziehen. Danke! Nun
freue ich mich, mit euch eine neue Etappe in unserem gemeinsamen Leben anzugehen und
bin gespannt, was die Zukunft fr uns bereit halt. Ich kann euch lediglich versprechen, jederzeit
fur euch da zu sein, so wie ihr es in den vergangen Jahren wart. Sophie, ich liebe dich und bin
dankbar fir jeden gemeinsamen Moment. Nicolas, ich geniel3e jede Sekunde mit dir und bin
unendlich dankbar tagtaglich an deiner Seite zu Wachsen. Und weil die Antwort auf ,Wo ist
Papa?“in den vergangenen 3 Jahren vermutlich viel zu oft ,Bei der Arbeit, ,In Gent” oder ,/m
Biiro“ war, sollst du zumindest auch einen kleinen Beitrag zu dieser Arbeit beisteuern durfen:
“333333333333333222222111456987/*".

Raeren, June 2020]
il
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Summary

Along with a worldwide growth of the human population, the aquatic environment on our planet
is facing an ever increasing chemical input. With the aim of regulating chemical use and
protecting both humans and the environment a number of regulatory frameworks for chemicals
have been introduced in the European Union (EU). Yet, these regulations mainly focus on a
limited list of priority pollutants that represent only a minor fraction of potentially water-emitted
chemicals. In addition, even though there exist regulatory frameworks for the marine
environment, risk assessment for the latter does not require ecotoxicity data for marine
species. To partly address the herewith associated ecotoxicity data gap for marine species, in
the present work, marine ecotoxicity data was generated for a total of 23 chemicals of emerging
concern (CECs) with two species representing algae and crustacean (Chapter 4). While algae
did show low sensitivity to all tested substances, relatively low effect concentrations on
crustacean were found for 4 neonicotinoid insecticides. Acute and sub-chronic ecotoxicity data
for crustacean was subsequently used together with existing literature data to derive
Environmental Quality Standards (EQS) for the marine environment. Inclusion of the marine
copepod data from this study led to a refinement of the EQS for clothianidin and thiamethoxam.
An in-depth risk assessment for the Belgian part of the North Sea (BPNS) based on the derived
EQS for the 4 neonicotinoid insecticides and their mixture (Chapter 4) resulted in an
exceedance of predicted no-effect concentrations (PNECSs) in the harbors of Ostend and
Zeebrugge and a low margin of safety (MoS) for one coastal locations in front of each of these
harbors.

Such derivation of EQS and risk assessments are time-intensive processes that require in-
depth ecotoxicological and regulatory knowledge. Considering the huge amount of chemicals
present in the marine environment, from a regulatory perspective, there are only two promising
approaches to handle this complex task: i) automation of EQS/PNEC derivation and
associated risk assessment on a substance-by-substance level or ii) moving from a single
substance-based to a mixture-based risk assessment. Therefore, in Chapter 5 an automated
calculation algorithm was developed and applied in a screening-level risk assessment for the
BPNS. This screening-level marine risk assessment suggests to prioritize in future work
Bisphenol A, certain herbicides, neonicotinoid insecticides and steroids for further
ecotoxicological testing and/or refined PNEC calculation. Additionally, a comparison of grab
sample and passive sampler-based risk assessment revealed no obvious differences between
the two sampling methods.

Although providing a useful tool for prioritization within the prevailing regulatory frameworks, a
single-substance-based risk assessment bears the risk of neglecting interactive effects of
chemicals. Yet, environmental risk assessment is meant to assess the real impact on
ecosystems or species that are exposed to chemicals and for most of our waters this means
simultaneous exposure to various chemicals. This indicates that there is a need for mixture-
based risk assessment methods. To answer this need, we developed a novel method for
passive sampler-based ecotoxicity testing of environmentally realistic chemical mixtures
(ERCMSs) in Chapter 6. This passive sampler-based method combines environmental sampling
and ecotoxicity testing of chemical mixtures. During method development insights into the
preservation of complex mixture samples were gained and the importance of a reduction of



passive sampler extract handling and storage time were highlighted. With a relatively low
sample enrichment of < 2 the developed method had one major drawback.

This drawback was tackled in Chapter 7 where the previously developed method was modified
to allow sample enrichment up to a relative enrichment factor (REF) of 44 as compared to
environmentally realistic concentration levels. Further, the method was extended with a MoS
assessment serving as indicator for potential risks in the BPNS. Here, margins of safety were
found to be < 10 for 5 out of 8 samples from different sampling campaigns (SCs) and locations.
According to current risk assessment procedures this suggests ecological risks for these
locations since the lowest assessment factor (AF) in use is 10. This effect-based method
addresses the lack of current environmental regulations that do not provide guidance on how
to deal with mixtures of chemicals although simultaneous exposure to multiple chemicals is
the prevailing scenario for aquatic organisms. Yet, a change in environmental regulation from
single substance to mixture-based risk assessment is not to be expected in the near future
since many of the current EU frameworks have only recently entered into force. Thus, to align
our effect-based monitoring method with current risk assessment procedures, we recommend
to extend the biotest battery with at least one crustacean and one fish biotest to comply with
regulatory requirements.

In a first attempt to identify mixture toxicity driving chemicals, we applied multivariate statistics
to find chemical concentration patterns in different speedisk extracts that might be associated
with the toxicity observations (Chapter 7). Unfortunately, no clear patterns distinguishing
between toxic and non-toxic samples could be identified based on 89 target personal care
products (PCPs), pesticides and pharmaceuticals. Nevertheless, some chemicals like sodium
diclofenac or naproxen, that had also been identified in the screening-level risk assessment to
be potentially problematic substances, were found to be correlated with the first two principal
components (PCs) that explained 55 % of the data inherent variability. Yet, in order to gain
better insights into the effect-driving chemicals in a mixture including non-target chemical data
is highly recommended. This would be another step forward from a single substance-based
and priority pollutant-focused to an unbiased mixture-based risk assessment.



Samenvatting

Gepaard met de toename van de menselijke bevolking worden de aquatische milieus op onze
planeet geconfronteerd met een toenemende antropogene input van chemicalién. Om het
gebruik van chemicalién te reguleren en zo mens en milieu te beschermen, werden in de
Europese Unie (EU) een aantal regelgevingskaders geintroduceerd. Toch focussen deze
regelgevingskaders zich voornamelijk op een gelimiteerde lijst van prioritaire polluenten die
slechts een beperkt aandeel van de chemicalién, die in het aquatische milieu terecht komen,
vertegenwoordigen. Ondanks de verschillende bestaande wetgevende kaders voor het marine
milieu, is er bovendien geen ecotoxicologische data verreist van mariene species om een risico
analyse voor het marine milieu uit te voeren. Het voorgestelde werk wijst op dit gebrek van
realisme en ondervertegenwoordiging van mariene species in milieurisico-evaluatie voor de
zee. In een eerste fase van dit werk werd er ecotoxicologische data voor 23 nieuw-opkomende
polluenten, voor twee verschillende marine soorten (één alg en één soort roeipootkreeftje),
gegenereerd (hoofdstuk 4). Terwijl het testen van algen een eerder lage sensitiviteit aantoonde
voor alle geteste stoffen, werden er voor 4 neonicotinoiden relatief lage effect concentraties
voor het roeipootkreeftje gedetecteerd. De hieruit volgende acute en sub-chronische data
werden vervolgens, samen met data uit de literatuur en actieve en passieve monstername in
de Noordzee, gebruikt om Ecologische Kwaliteit Standaarden (EQS) te bepalen voor het
marine milieu. Deze nieuw-gegenereerde ecotoxiciteit data voor marine roeipootkreeftjes
resulteerden in een aanpassing van de EQS voor clothianidin en thiamethoxam. Een
gedetailleerde milieurisico-evaluatie voor het Belgisch deel van de Noordzee (BPNS),
gebaseerd op de afgeleide EQS voor de 4 neonicotinoiden en hun mengsel (hoofdstuk 4),
resulteerde in een overschrijding van de voorspelde geen-effect concentratie (PNEC) in de
havens van Oostende en Zeebrugge en een beperkte veiligheidsmarge (MoS) voor de open
zeegebieden dichtbij deze havens.

Het afleiden van EQS en milieurisico-evaluatie en zijn tijdrovende processen waarvoor een
gedetailleerde ecotoxicologische en wetgevende kennis verreist is. Gezien het feit dat er een
enorm aantal chemicalién in het marine milieu terecht komen, zijn er uit vanuit een regelgevend
perspectief slechts twee veelbelovende pistes voor deze complexe uitdaging:
i) de automatisatie van de EQS/PNEC afleiding en de geassocieerde milieurisico-evaluatie op
een stof per stof basis of ii) de omslag van een enkele stoffen-gebaseerde naar een mengsel-
gebaseerde aanpak voor milieurisico-evaluaties. In hoofdstuk 5 werd bijgevolg een
geautomatiseerd berekenings-algoritme ontwikkeld en toegepast voor een screening-level
milieurisico evaluatie van het BPNS. Deze screening-level milieurisico evaluatie voor het
marine milieu verreist toont aan dat er verder onderzoek verreist is voor Bisphenol A en enkele
herbiciden, neonicotinoiden, insecticiden en steroiden. Verder werden er geen duidelijke
verschillen waargenomen tussen de milieurisico evaluaties die gebaseerd waren op actieve
en passieve monstername methodes.

Ondanks dat een geautomatiseerde benadering handig is voor een screening-level
milieurisico-evaluatie en het prioriteren van chemische stoffen, bestaat het risico dat interactie
effecten van chemicalién worden genegeerd. Gezien een milieurisico-evaluatie de reéle
invloed van chemicalién op organismen en ecosystemen dient te bepalen, betekent dit voor
de meeste wateren de invioed van een simultane blootstelling aan een hele mix van
chemicalién. Er is er dus nood aan mengsel-gebaseerde methoden voor milieurisico-evaluatie.
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Om hieraan te voldoen werd er in hoofdstuk 6 een methode ontwikkelt voor het
ecotoxicologisch testen van milieu relevante en aangereikte mengsels op basis van passieve
monstername technieken. Deze holistische methode implementeert milieustalen in
ecotoxicologische testen en analyseert zo heel realistische mengsels van chemicalién. De
ontwikkeling van deze methode gaf verder ook inzichten over de conservering van deze stalen
met complexe mengsels. Bovendien werd het belang van een beperkte verwerking van
“passief-sampler” extracten en hun bewaring beklemtoond. In het algemeen leverde de
ontwikkelde methode slechts een beperkte aanrijking van de stalen op (relatieve
aanrijkingfactor, REF < 2), waardoor er aanpassingen verreist waren.

Deze aanpassingen werden in hoofdstuk 7 uitgevoerd, waar de ontwikkelde methode werd
aangepast. Met deze aangepaste methode waren veel hogere (< 44) REFs mogelijk, in
vergelijking met de milieuconcentraties van de bemonsterde chemicalién. Deze methode werd
tevens uitgebreid met de berekening van een MoS inschatting voor het BPNS. Op deze manier
werden MoS < 10 gevonden voor 5 van 8 stalen. Volgens huidige milieurisico-evaluatie
procedures suggereren deze resultaten een ecologisch risico aangezien dat de laagst
gebruikte beoordelingsfactor (AF) 10 is. Deze effecten-gebaseerde methode duidt de
tekortkomingen van het huidig wetgevende kader aan, die geen instructies voor mengsels van
chemicalién omvat. Toch is er in de nabije toekomst geen verandering van een enkele stoffen
gebaseerde milieurisico-evaluatie na een mengsel gebaseerde milieurisico-evaluatie in de EU
te verwachten, gezien het merendeel van de wetgevende kaders inzake milieu nog maar
enkele jaren in werking zijn. Om onze effecten gebaseerde monitoringsmethode aan het
huidige wetgevende kader aan te passen, raden we bijgevolg aan om de biotest-batterij uit te
breiden met minstens één test voor schaaldieren en €én test met vissen.

In een eerste poging om de effect-veroorzakende stoffen in mengsels te bepalen, werd een
multivariate statistiek gebruikt om bepaalde trends in de chemische compositie van
verschillende extracten te vinden en de toxische effecten zo te kunnen verklaren (hoofdstuk 7).
Helaas werden geen trends gevonden om toxische en niet toxische monsters te
onderscheiden op basis van gerichte chemische analyses voor 89 stoffen. Deze 89 stoffen
omvatten waaronder schoonmaak- en lichaamsverzorgingsmiddelen (PCPs), pesticiden en
farmaceutica. Desondanks konden sommige chemicalién zoals diclofenac natrium en
naproxen, die ook in de screening-level milieubeoordeling als potentieel problematisch werden
geidentificeerd, met de twee belangrijkste componenten (PCs) worden gecorreleerd. Deze
twee PCs verklaarden 55 % van de inherente data variabiliteit. Om verdere inzichten over de
effect-veroorzakende stoffen in mengsels te bekomen, werd aangeraden om ook untargeted
chemicalién te analyseren. Dit zou een belangrijke stap zijn om van een enkele stoffen en
prioritaire stoffen gebaseerde naar een objectieve mengsel gebaseerde milieurisico-evaluatie
te gaan.
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1 General introduction

1.1 Legislative background

The Marine Strategy Framework Directive (MSFD) entered into force in June 2008 and aims
to achieve or maintain good environmental status (GES) of the marine environment by the year
2020 [1]. GES of marine waters is determined by a total of 11 descriptors of which descriptor
8 asks that “concentrations of contaminants are at levels not giving rise to pollution effects” [1].
Next to the MSFD, the Water Framework Directive (WFD), which entered into force in October
2000, describes a strategy to fight pollution of water by progressive reduction or phasing-out
of discharges and emissions [2]. In support of the aims of the WFD, the EQS Directive
establishes requirements for the chemical status of surface waters, including marine waters,
by setting EQS [3]. Under the latest amended version of the directive, EQS have been defined
for 45 substances or substance groups [4]. This list contains priority substances [5] as defined
under the WFD and defines EQS for surface and marine waters. Remarkably, EQS derivation
for marine waters does not strictly require any ecotoxicological data for marine test species [6].
This might be one reason as to why the availability of marine ecotoxicity data is certainly less
than optimal for marine environmental risk assessment [7].

Along with a worldwide growth of the human population, the aguatic environment on our planet
is facing an ever increasing chemical input [8]. With the aim of regulating chemical use and
protecting both humans and the environment a number of regulatory frameworks for chemicals
have been introduced in the EU. These regulations target different substance groups
depending on their use and industry. Major EU regulations include the Biocidal products
regulation (BPR) [9], the EU Pesticides regulation [10], human and veterinary medicines
regulations [11] and the regulation concerning the registration, evaluation, authorization and
restriction of chemicals (REACH) [12].

1.2 Chemicals in the environment

With the third and last REACH deadline having passed on 31st of May 2018,
10,119 substances with a production volume above one ton per year have been registered in
the EU. In addition, 10,489 substances with a production volume below one ton per year or
with intermediate use only have been registered [13]. In the decade 2000 to 2010, the
American Chemistry Council calculated a total chemical production increase of 54 % which
reflects the general trend in chemical production worldwide [14] and global chemicals sales
have been predicted to grow about 3 % per year until 2050 [14]. Along with an increasing
production and consumption more chemicals are expected to be released into the aquatic
environment and ultimately into marine waters [8]. The major input routes for chemicals into
the aquatic environment are depicted in Figure 1.1. Several man-made chemicals are very
likely to be released into the aquatic environment and might ultimately be transported into
marine waters. Evidence for marine waters being a kind of repository for chemicals is given by
various recent chemical monitoring publications. For instance, a variety of chemicals have
been detected in European marine waters ranging from the Aegean [15] and Adriatic Sea [15],
over the Mediterranean Sea [15, 16] to the North Sea [17-20] and the Baltic Sea [15].
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Figure 1.1 Major input and distribution routes of man-made chemicals in the environment [21].

1.3 Environmental chemical monitoring

Environmental monitoring in the EU is mostly focused on a limited set of priority pollutants as
defined by the European Commission [22]. Nevertheless, it is recognized that not all
substances on the priority list are still representative of present day contamination [23] and
other, non-monitored substances are becoming of emerging concern. Most agquatic monitoring
programs rely on the analysis of water samples taken at one location at a specific time, i.e.
grab sampling [24]. Grab sampling is a fast approach that requires moderate sample clean-up
and processing before analysis but is generally limited to a point measure [25]. This may be
problematic for streams with highly variable chemical concentrations but has less influence on
generally well equilibrated marine waters. Nevertheless, in order to detect chemicals at rather
low concentrations such as often occurring in marine waters, high sample volumes are needed.
This is associated with increasing extraction duration that can substantially compromise the
integrity of the original sample [25]. This is a considerable disadvantage when coupling
monitoring with ecotoxicological studies to assess potential effects of natural chemical
mixtures. Another, but less frequently used approach is biomonitoring. Here, live organisms
are either sampled from or deployed in a study area over a prolonged time where they “sample”
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chemicals continuously. Typical organisms used in this form of monitoring include (caged)
bivalves (e.g. oysters) [26, 27] and (caged) fish (e.g. trout) [28, 29]. Biomonitoring delivers a
time-integrative picture of chemical concentration levels but has a set of limitations. Live
organisms are limited in where they can be deployed due to a variety of surrounding factors
essential to their survival such as e.g. salinity, temperature or water quality [25]. In addition,
differences in age or sex have influence on chemical uptake rates of organisms of the same
species [30]. A third aquatic monitoring method is passive sampling. Here, a sorption phase is
exposed to a medium (e.g. water), where it samples compounds at a rate that is proportional
to the difference in chemical activity between sampler and medium, and where the uptake
kinetics are controlled by passive processes, until equilibrium is reached [31]. Passive
sampling devices are usually divided into two categories either aiming at the uptake of polar
or non-polar chemicals [32]. An overview of the multitude of available passive sampling devices
and their intrinsic properties is given in Vrana et al. (2005) [24].

1.4 Environmental risk assessment

Environmental risk assessment is based on three major pillars, hazard identification, exposure
assessment and effect assessment.. According to the European Commission’s Technical
guidance document (TGD) on risk assessment, an environmental risk assessment should be
carried out on notified substances, substances of concern in a biocidal product and on priority
existing substances and active substances [33]. Further, it should proceed in the sequence i)
hazard identification, ii) dose (concentration) — response (effect) assessment, iii) exposure
assessment and iv) risk characterization [33]. This risk characterization is ultimately expressed
as a risk characterization ratio (RCR) or risk quotient (RQ) calculated as the ratio of the
measured or predicted environmental concentration (MEC/PEC) and the predicted no-effect
concentration (PNEC), where a RCR > 1 indicates a risk (Eq. 1.1).

MEC or PEC

RCR or RQ = PNEC

(Eq. 1.1)

1.4.1 Hazard identification

The aim of a hazard identification is to identify chemicals of concern and their intrinsic effects
of concern [33]. The overall aim for known substances and biocidal products is to review the
classification of the substances [33]. For new (emerging) substances the aim is a proposal on
classification [33]. A hazard describes a potential source that may or may not cause harm while
a risk includes the likelihood for a certain hazard to cause harm. As such, the hazard of a
substance can be very high but if the likelihood of exposure to this substance is minuscule, the
overall risk is low. Hazard identification is traditionally based on data of known compounds that
may either be generated for a specific compound of interest or can (in some cases) be
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predicted using e.g. QSARs based on structurally similar compounds. In order to adequately
assess potential risks of a chemical both effects and an exposure assessment are required.

1.4.2 Effect assessment

In order to assess whether the presence of a substance is harmful to an ecosystem,
information on its toxic potential is needed. This information is generally obtained on a
substance-by-substance basis through laboratory ecotoxicity testing under controlled
conditions or via read-across from similar chemicals. For the sake of comparability such testing
is ideally performed according to existing test guidelines such as from the International
Organization for Standardization (ISO). An example for one of the most common ecotoxicity
tests is the fresh water algal growth inhibition test with unicellular green algae [34] in which
algae are exposed to several concentrations of a test substance for 72h and algal growth is
monitored over time. Such ecotoxicity tests result in the definition of effect thresholds such as
the effective or lethal concentrations affecting 50 % of the test organisms (ECso or LCso) for
acute tests or effect concentrations affecting 10 % of the test organisms (ECip) and no
observed effect concentrations (NOEC) for chronic tests. The ECso or LCso and the ECyo are
statistically derived by fitting an appropriate model to the observations. One of the most
commonly used models in ecotoxicology is the dose/concentration-response model. Here, the
effect is plotted over a (log-transformed) concentration range and a sigmoidal curve is fitted to
allow determination of the concentration that results in e.g. 50 % effect. An example for a dose-
response curve is given in Figure 1.2.

100+

504

Effect [%]

-1 0 1 2
log C [mg L]

Figure 1.2 lllustration of a concentration-response curve showing data points as average of
replicates including their standard deviation. The solid line shows a typical sigmoidal
concentration-response curve fitted with a log-logistic model. Such a model allows the
estimation of e.g. ECso values, the concentration that exerts an effect to 50 % of the test
organisms.

In addition, there exists a statistical extrapolation method called species sensitivity distribution
(SSD). Here, usually the 5" percentile, often referred to as HC5 is derived from a distribution
function fitted on log-transformed ecotoxicity data (usually ECio or NOEC values), preferably
from at least 10 species representing 8 different taxonomic groups [6]. The lowest effect
concentration (acute, chronic endpoint or HC5) is subsequently divided by an AF to calculate
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a PNEC. AFs are used to account for uncertainties associated with the extrapolation from
single-species laboratory ecotoxicity data to a multi-species ecosystem [33]. These
uncertainties include i) intra- and inter-laboratory variation of toxicity data, ii) intra- and inter-
species variation (biological variance), iii) short-term to long-term toxicity extrapolation or iv)
laboratory data to field impact extrapolation [33]. The size of an AF depends on the confidence
in the amount, type and quality of data a PNEC derivation is based on. Depending on the target
ecosystem (freshwater or marine) and the data availability, AFs vary between 5 for SSD-
derived HC5 values and 10 — 10,000 for single species-derived endpoints [33] and are applied
to the lowest effect concentration or HC5 to obtain the PNEC (Eg. 1.2).

Lowest ef fect concentration or HC5

PNEC = Eq. 1.2
¢ 1 (Eq.1.2)

1.4.3 Exposure assessment

For the exposure assessment information about emission rates, physico-chemical properties
and fate and behavior of a substance, and environmental conditions are required. Such
assessment can be retrospective by sampling at a specific area or location of interest (as
described in Chapter 1.3) or predictive by extrapolating from use, distribution and fate of (a)
chemical(s). The latter assessment is usually applied to predict the exposure concentrations
for novel substances and is mostly based on default scenarios [35] to calculate a PEC.
Chemicals in the environment always migrate between the different compartments driven by
equilibrium partitioning. The marine environment for example consists of four compartments,
i.e. air, water, sediment and biota. For the majority of organic chemicals the distribution across
these compartments is defined by their intrinsic physico-chemical properties. As an example,
a non-polar substance with a high octanol-water partitioning coefficient (log Kow), i.e. low water
solubility, and high organic carbon-water partitioning coefficient (log Koc), will tend to
accumulate in biological tissues (biota) and sediments. In contrast, a polar substance is more
likely to be found at comparably high concentrations in the water phase as compared to e.g.
sediment. From an ecotoxicological point of view, chemicals with the greatest concern are
those with persistent, bioaccumulative and toxic (PBT) properties. The distribution of a
chemical across the different compartments can be estimated using distribution models.
Exposure modelling within the NewSTHEPS project for the neonicotinoid insecticide
clothianidin in the BPNS predicted the concentrations to fluctuate approximately 10-fold at
OZ_MOWT1 (0.11 — 1.1 ng LY). Additionally, input modelling for the three rivers Meuse, Rhine
and Scheldt identified a considerable fluctuation of the simulated relative contribution of
clothianidin in the BPNS with each of the rivers showing a period in which they contribute the
most. Ultimately, a clear influence of the degradation half-life on the relative contributions was
found with slower degradation rates (e.g. 100 d) resulting in higher clothianidin concentrations
at OZ_MOW1.

1.4.4 Risk characterization

The risk characterization combines the information gathered from both effect and exposure
assessment to calculate a RQ (Equation 1.1). This is traditionally done on a substance-by-
substance level [36, 37]. However, various environmental monitoring campaigns have

revealed the simultaneous presence of a variety of substances [15-18, 20] in marine waters.
5



Based on these observations, awareness for the necessity of characterizing the risk(s) of
chemical mixtures is receiving increased recognition [38].

1.5 Mixture toxicity

Aquatic organisms are usually exposed to mixtures of chemically and functionally
heterogeneous compounds [39-43]. Single substance-based risk assessment might thus lead
to an underestimation of the total risk [42, 44] and the question arises whether reliable
predictions of aquatic toxicity of chemical mixtures can be derived from toxicity data obtained
from single substance tests. This is increasingly problematic since various studies have
reported effects of chemical mixtures at concentrations of substances that individually did not
cause any effects [40, 45-49].

Therefore, concepts and models for predicting mixture toxicity are needed. One approach is
to base the prediction of the overall mixture toxicity on the knowledge about the hazard of
individual substances. This implies that the chemical composition of the mixture of interest is
known [46]. In practice, this is usually not the case but currently two major concepts are used
to predict mixture toxicity on the basis of the mixture’s components. The two concepts are
concentration addition (CA) [50] and independent action (IA) [51]. Both concepts in theory only
consider cases in which all components of the respective mixture do affect the same endpoint
and both require precise knowledge about the qualitative and quantitative compaosition of the
mixture of interest [46]. CA is used to predict the mixture toxicity of substances with a common
target site and a similar mode of action. It assumes that the components of a mixture differ
only with respect to their individual potency [52]. Any component of the mixture can be replaced
by an equal fraction of an equally effective concentration of another chemical without changing
the overall toxicity as long as the corresponding toxic units (TU) are identical. The TU approach
implies that the relative toxicological strength of every mixture component may be expressed
by scaling the individual concentrations of the single components in the mixture for their
respective toxicity. Here, the TU; is the TU for mixture component i, or the ratio between
measured concentration of each component i (c¢;) and its ECy; and n indicates the number of
mixture components considered (Eqg. 1.3).

TU; , = Z Eq. 1.3
i=1 L,X i:lECx,i ( q )

The CA concept implies that substances present at a concentration below their individual no
observed effect concentration (NOEC) can nevertheless contribute to the total effect of the
mixture [41]. The second concept, IA, is used to predict the hazard of mixtures of chemicals
with dissimilar mechanisms of action and different target sites [40]. The alternative concept of
IA can be calculated using (Eq. 1.4).

) =1-] | (1-E@) (Ea. 1.4

i=1
Here, E(ci) describes the effects of substance i and E(cmix) the total effect of the mixture.
Contrary to CA, under IA mixture components present below their individual NOEC do not
contribute to the mixture effect, i.e. there will be no mixture effect if all substances are present
below their NOEC [40].



Even though both concepts are largely used and discussed, there are still some critical points
regarding the prediction of mixture toxicity. For both concepts the similarity or dissimilarity of
the modes of action of the mixture components is the governing factor for the prediction quality
of the concepts. If the corresponding mechanistic assumptions are fully met, both concepts
give good predictions, but CA tends to overestimate the mixture toxicity of dissimilarly acting
chemicals and IA tends to underestimate the toxicity of similarly acting substances [53]. One
main problem is the interpretation of the term of similar modes of action. From a strict
mechanistic point of view it should be applicable only to such chemicals that competitively and
reversibly interact with an identical molecular binding site. But from a very broad
phenomenological point of view it may just describe different chemicals that are able to cause
a common toxicological endpoint such as death, inhibition of reproduction. This might apply to
almost all chemicals [45, 54]. It is the rule rather than the exception that agreement about
similarity or dissimilarity of action cannot be reached. Additionally, knowledge about
mechanisms changes and expectations about presumed modes of action do not necessarily
match biological observation. But, lack of knowledge about modes of action should not prevent
the use of both concepts [55].

Both concepts can also be used for risk assessment purposes and especially the TU approach
has been used by replacing the effect concentration in (Eq. 1.3) by the substance specific
PNEC (PNEC;) for each of the mixture components as follows:

R = " TU; , = E " G
= L= Eq. 15
Qmix oy X i=1 PNEC; (Eq )

Ultimately, application of both concepts depend on the knowledge of the mixture composition
which in environmental practice is usually not available. Thus, for the purpose of risk
characterization of complex mixtures novel effect-based monitoring approaches are needed
[38].

1.6 Rationale for this thesis

This study was conducted as part of the NewSTHEPS project (www.newstheps.be). This
project aimed to develop innovative and novel practical techniques to address the current
fundamental scientific and methodological issues related to the evaluation of GES for
Descriptor 8 of the MSFD in national and European waters. This included the development,
application and testing of novel and integrated passive sampler-based approaches for both
chemical exposure (monitoring) and biological effect assessment. Further, it aimed to assess
the ecotoxicity of both CECs and ERCMs and to develop alternative approaches for a mixture-
based risk assessment in the marine environment.

In an assessment report about the proposed road map to comply with the MSFD obligations
(published in 2014) Belgium was attested to be among those countries that are likely to achieve
their goals. On the other hand, an overall lack of ambition was determined [56]: “Belgium did
not go beyond existing standards at EU level’. In addition, there seemed to be no new
assessments made specifically for the implementation of the MSFD and only little information
on knowledge gaps was reported [56]. This suggests that while Belgium intends to cover
chemical monitoring of and/or a reduction of the chemical pressure from EU priority pollutants,
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neither CECs nor chemical mixtures will be addressed. In another report from the Commission
to the European Parliament and the Council assessing the Member State’s monitoring
programs under the MSFD from 2017, the Belgian monitoring program was rated to be partially
appropriate to meet the requirements of the MSFD and to partially measure progress towards
the achievement of GES [57]. In concrete, it was recommended that Belgium should continue
to integrate monitoring programs already existing under the WFD and enhance comparability
and consistency of monitoring methods within its marine region by considering the monitoring
scope, coverage, frequency and choice of indicators [57].

The above evaluations of the status of the Belgian compliance with the MSFD together with
generally rising concerns about increasing input and presence of a broad range of chemicals
into marine waters [8] are at the basis of this thesis. In addition, it appears that current
monitoring practices under the MSFD in the BPNS solely focus on priority pollutants [56]. Not
only does this approach neglect the well reported presence of CECs in marine waters but in
addition, does it not provide any perspective for mixture-based risk assessment procedures
that are needed to realistically assess the status of the BPNS from a chemical point of view.

1.7 Thesis outline and research objectives

This thesis made use of environmental samples taken with active and passive sampling at 4
sampling locations at the BPNS in 5 SCs between March 2016 and May 2018 (see Chapter
3.1). Active samples (water grab samples) were used as a reference point for the
contaminants’ occurrence and their realistic levels at the different sampling locations.
However, no ecotoxicity tests were performed with grab samples, but the analytical results of
the grab samples of SC1 served as a selection criterion for individual substance testing, which
were aimed at filling data gaps on CECs ecotoxicity for marine species. This data was then
merged with existing ecotoxicity data and used in an automated calculation algorithm
programmed in R to derive screening-level PNECs for all CEC’s. These PNECs were
subsequently used in a single substance-based screening level risk assessment. In a next
phase, we developed a MoS approach as a novel method to assess risks of ERCMs using
passive sampler extracts. The MoS for a given species is to be considered as the number of
times the ERCM occurring in the field can be enriched without resulting in significant toxicity.

The thesis is divided into four research chapters addressing the following topics.
1.7.1 Lack of ecotoxicological data for marine species

It has generally been recognized that ecotoxicity data for marine species is less frequently
available as compared to data for freshwater species [58]. This is largely due to the existence
of fewer standard test guidelines for saltwater species and because especially European risk
assessments historically tended to focus on freshwater systems [59]. The lack of knowledge
for marine species frequently results in toxicity extrapolation from freshwater to saltwater
species but this remains largely untested and the use of an additional AF of 10 is applied to
marine risk assessments [59].

To address the ecotoxicity data gap for marine species, in Chapter 4 a range of 23 different
PCPs, pesticides and pharmaceuticals were tested individually in 72h algae growth inhibition
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tests with Phaeodactylum tricornutum and in acute lethality tests with Nitocra spinipes. In
addition, 7d larval development tests with N. spinipes were performed for four neonicotinoid
insecticides that acutely showed to be the most toxic substances. Ultimately, EQS were
derived for the four neonicotinoid insecticides and used together with monitoring data for SC2-
5 in a risk assessment exercise. These tests and the subsequent risk assessment with
neonicotinoid insecticides have been shown to be of great value since there is very limited
information regarding the assessment of the toxic potential of neonicotinoid insecticides in
marine ecosystems [60]. Also, monitoring and surveillance of neonicotinoid pollution of marine
and coastal ecosystems seem to be non-existent [60].

1.7.2 Shift from priority pollutant to emerging chemical-focused risk
assessment

With the European Green Deal (EGD) presented in December 2019, the EU aims to i) boost
the efficient use of resources by moving to a clean and circular economy and to ii) restore
biodiversity and cut pollution. The latter goal shall be achieved by 2030 by fulfilling three key
commitments: i) legally protect a minimum of 30 % of the EU’s land area and 30 % of the EU’s
sea area and integrate ecological corridors, as part of the true Trans-European Nature
Network, ii) strictly protect at least a third of the EU’s protected areas, including all remaining
EU primary and old-growth forests and iii) effectively manage all protected areas defining clear
observation objectives and measures, and monitoring them appropriately [61]. With regards to
the restoration of the GES of marine ecosystems, the EGD judges the full implementation of
the MSFD as essential [61]. The overall ambition towards zero-pollution for a toxic free
environment will be supported by the implementation of a chemicals strategy for sustainability
(expected publication in summer 2020), a zero-pollution action plan for water, air and soil
(2021) and arevision of measures to address pollution from large industrial installations (2021).
A scientific approach towards a zero-pollution environment requires a thorough pollution
survey by means of monitoring and risk assessment based on actual monitoring data. As such,
Chapter 5 was dedicated to the development of an automated calculation algorithm
programmed in R to derive screening-level PNECs for all CECs detected in the NewSTHEPS
project. Indeed, this covers a limited number of approximately 200 chemicals representing
some of the most emerging chemical groups (i.e. personal care products, pesticides,
pharmaceuticals, phenols, phthalates and steroids). Yet, in comparison with currently
implemented monitoring studies focused on only 33 priority pollutants or pollutant groups our
approach covers a wider range of chemicals with focus on rather emerging substances of
potential concern. The PNECs derived with our automated method were subsequently
compared to the monitoring data from the NewSTHEPS project to calculate screening-level
risk quotients for a total of 65 substances. This approach offers a fast alternative for database-
driven screening-level risk assessment that can be used as a tool for prioritization of CECs.

1.7.3 Development of a novel method for testing of ERCMs

It is widely recognized that chemical pollution of the aquatic environment is a mixture rather
than an individual substance issue. Chemicals follow many routes on their way into the different
environmental compartments (Figure 1.1). Many chemicals find their way into the aquatic
environments via small and medium sized streams (in rural regions) or the sewage system (in
urban regions). Many of these are sooner or later connected to wastewater treatment plants

where impurities including chemicals are intended to be removed. Here, removal efficiencies
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for chemicals are usually identified based on chemical monitoring of specific target chemicals.
This method not only risks to miss non-target chemicals and potential mixture effects of
simultaneously present chemicals, it also has been shown to be unable to detect toxic potential
of wastewater effluents [62]. In this scope, the need for effect-based monitoring tools has been
increasingly emphasized in the past years [63-65].

While Chapter 4 and 5 thus focused on individual substances and individual substance-based
risk assessment, Chapter 6 describes the development of a novel method for passive sampler-
based ecotoxicity testing of ERCMs. This method enables sample enrichment of ERCMs
relative to their environmental concentration and allows testing in a (miniaturized) 72h algae
growth inhibition test. Here, the method was applied to samples from the BPNS but the
methodological principles are most likely also applicable for ecotoxicological monitoring of e.g.
removal efficiencies of wastewater treatment plants.

1.7.4 Addressing marine environmental risks from a mixture perspective

The method developed in Chapter 6 was first further improved to enable higher sample
enrichment (needed to achieve effect-causing concentrations) and ultimately applied to
samples from SC2, SC3 and SC5 in Chapter 7. The further method development allowed the
definition of a MoS for the different SCs and locations. This MoS can be used as a tool for the
identification of potential existing risks or help prioritizing (sampling) locations of emerging
concern. It further allows to estimate a safety margin based on ecotoxicity testing of ERCMs
which provides a novel approach for effect-based monitoring. Many effect-based monitoring
approaches so far focus on steroids or endocrine activity [62, 66] and use mainly specific in-
vitro assays to assess the toxic potential of sampled chemical mixtures. In our study, chemical
analysis focused on personal care products, pesticides and pharmaceuticals. This different
perspective together with the use of in-vivo testing with algae who represent a higher level of
biological organization as compared to in-vitro bioassays may thus be seen as complementary
alternative to in-vitro testing of ERCMs. An overview of the main research chapters and how
their conjunction is given in Figure 1.3.

The overall scope of this research are the identification of CECs for prioritization in agreement
with current legislative frameworks and the development of an effect-based monitoring
approach for ERCMs ready-to-use as mixture-based environmental risk assessment approach
for the marine environment. To achieve these objectives, four specific research goals were
defined:

1. Theidentification and prioritization of CECs in the BPNS.

2. The development of an automated approach for screening-level risk assessment for
CECs as complementary tool for marine environmental monitoring.

3. The development of an effect-based monitoring approach for testing of ERCMs.

4. Execution of a mixture-based environmental risk assessment for the BPNS and
comparison with prevailing single substance-based risk assessment approaches.
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From individual substance-based to...

Chapter 4

Individual substance testing Individual substance-based
of CECs mixture risk assessment

P tricornutum, N. spinipes N. spinipes

Chapter 5
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P
-

A oy ~ -
CIQ/\NL_/NH Ho © s

Figure 1.3 Conceptual framework of the four main research chapter of this thesis. Individual substance testing for chemicals of emerging concern
(CECs) was used as basis for an individual substances-based risk assessment for the Belgian Part of the North Sea (BPNS) (Chapter 4). The results of
Chapter 4 were complemented by literature data and used in an individual substance-based automated screening-level risk assessment for CECs
(Chapter 5). In Chapter 6 a method for passive sampler-based testing of environmentally realistic chemical mixtures (ERCMs) was developed and applied
in an explorative way for samples from sampling campaign 1 and 4 (SC1 and SC4). Finally, Chapter 7 describes how the previously developed method
was adjusted to achieve higher sample enrichment and applied to samples from SC2, SC3 and SC5 to derive a Margin of Safety for ERCMs from the
BPNS.
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2 Test organisms and biotest systems

2.1 Test organisms

All ecotoxicity testing in this research was performed with two model species: the marine
diatom algae Phaeodactylum tricornutum and the brackish harpacticoid copepod Nitocra
spinipes.

Phaeodactylum tricornutum Bohlin (see Figure 2.1) is a marine diatom algae and was obtained
from the Culture Collection of Algae and Protozoa (CCAP 1052/1A, Oban, United Kingdom).
Algae were cultured in marine algae growth medium according to the ISO 10253 guideline
(ISO, 2006). All details about the medium composition and general culturing conditions can be
found in this guideline. Four days prior to a test initiation, a pre-culture was prepared by
inoculating fresh growth medium with 10,000 cells mL*. Both the culture and pre-culture were
allowed to grow under continuous white light (100 -120 pmol m2 st) at 22 + 1 °C.
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Figure 2.1 Phaeodactylum Figure 2.2 Nitocra spinipes Boeck, 1865. Shown are
tricornutum Bohlin, 1897. the 3 major morphological stages, nauplius (A),

copepodite (B) as well as egg-carrying female (C)
and male (D) adults. © Josef Koch

Nitocra spinipes Boeck (see Figure 2.2) is a harpacticoid copepod and was obtained from the
Department of Environmental Science and Analytical Chemistry (ACES) at Stockholm
University, Sweden, where N. spinipes has been in continuous culture since 1975 when it was
isolated from the Tvaren Bay in the Baltic Sea. A culture was established in our laboratory in
2016 (Koch and De Schamphelaere 2019). N. spinipes is cultured according to methods
described in Breitholtz and Bengtsson (2001) in natural seawater diluted to a salinity of 7 %o
using deionized water. Natural seawater was collected 500 m off the coast of Blankenberge,
Belgium and filtered using 0.2 um PALL Supor®-200 membrane filters. The culture was
permanently maintained in darkness at 21 + 1°C.
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2.2 Biotest systems
In total, we applied four biotest systems, two each for algae and copepods.

Biotest system 1 was the standardized 72h growth inhibition test with P. tricornutum
according to 1ISO 10253 [67]. Here, P. tricornutum is exposed to a test compound (or a mixture)
in an erlenmeyer flask containing 50 mL algae growth medium (preparation described in the
guidance). Algae were usually exposed to a dilution series of at least 6 concentrations following
a dilution factor. Each concentration treatment (CT) was tested in triplicate erlenmeyer flasks
containing algae test medium, a specific concentration of the test substance (or mixture) and
inoculated with 10,000 cells mL™* at test start. Additionally one erlenmeyer flask per CT was
filled with algae test medium and test substance (or mixture) but not inoculated to serve as
particle blank. At least 6 erlenmeyer flasks per test were filled with algae growth medium and
inoculated with 10,000 cells mL* to serve as controls (without added compound or mixture).
Test flasks were cultivated under the same conditions as the general culture and pre-cultures
and shaken manually twice a day. Cell density in all flasks was measured daily over 72h using
an electronic particle counter (Beckman Z2™ Coulter Counter® Analyzer). The specific growth
rate p was calculated for the different controls and each CT by applying the SLOPE function
(Excel 2016) on the Ln-transformed cell counts of the measurements of day 0 to day 3. The
percentage of growth inhibition (I) for each replicate test flask (l,,) was then calculated as
follows:
He — Iy

pi = —
M

with . the growth rate [d] of the controls and ; as the growth rate [d] of the individual test
flasks. For the identification of differences in growth rates between concentrations and
controls, one-way analysis of variance (one-way ANOVA, a = 0.05) was applied, followed by
Dunnett’s multiple comparisons test. This analysis was performed in GraphPad Prism version
5.01 for Windows (Muzyka, Tarkany et al. 2007).

I

%100 (Eq. 2.1)

Biotest system 2 was a modified version of the 72h growth inhibition test with P. tricornutum.
This adaptation was a result of the method development in chapter 5. Instead of performing
the algae growth inhibition tests in erlenmeyer flasks containing 50 mL algae growth medium,
the tests were performed in 24-well plates containing 2 mL algae growth medium per well.
Cultivation conditions were identical with the addition of constant shaking of the test plates at
120 rpm. In addition, fluorescence measurements (using a TECAN® Infinite M200 PRO) were
performed instead of cell counting to monitor algae growth. Settings for the measurement of a
24-well plate inoculated with P. tricornutum are shown in Table 2.1. In addition to triplicate wells
per CT, 3 wells per plate were filled with 2 mL growth medium and inoculated with
P. tricornutum to serve as controls and 6-9 wells per test setup were filled with growth medium
but not inoculated to serve as particle blanks. In the beginning of a test, a calibration series
ranging from 10,000 to 400,000 cells mL* based on cell counts (see Biotest system 1) was
prepared and fluorescence measured at test start. This calibration series was used to
subsequently convert the fluorescence measurements to cell counts. After conversion, growth
rates and growth inhibition were calculated as described in Biotest system 1. Statistical
analysis was also performed as described in Biotest system 1.
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Table 2.1 Settings for fluorescence measurements of 24-well plates inoculated with
P. tricornutum using a TECAN Infinite M200 PRO

Factor Setting

Shaking duration 5s

Shaking amplitude 2.5 mm

Shaking direction Orbital

Mode Fluorescence top reading

Excitation wavelength 488 nm
Emission wavelength 700 nm
Excitation bandwidth 9 nm
Emission bandwidth 20 nm

Gain Fixed (as determined by calibration series)
Number of reads 25

Integration time 20 us

Lag time O ps

Settle time 0ms

Biotest system 3 was the standardized acute lethal toxicity test to marine copepods with
N. spinipes according to ISO 14669 [68]. In short, 3-4 week old copepods were exposed to
different concentrations of selected chemicals and mortality was monitored daily over 96h. In
addition, immobility was recorded and defined as no swimming (no controlled vertical or
horizontal movement) of copepods during 10 seconds, whereas mortality was defined as no
swimming and no appendages movement during 10 seconds such as described in ISO 14669
[68]. During the test, organisms were kept in darkness at 21 + 1°C such as the cultures. For
each CT, 20 organisms were randomly selected regardless of gender (including egg-carrying
females) and separated into 4 replicates of 5 organisms. In addition, 24 wells distributed over
different plates were filled with pure diluted natural seawater and 5 copepods each to serve as
control treatments. They were exposed in 2.5 mL test medium spiked with the respective test
substance in sterilized non-treated 24-well VWR® (Oud-Heverlee, Belgium) cell culture plates.
Test concentrations were determined in a previously performed range-finding test in which 5
adult copepods were exposed to six concentrations ranging from 0.01 to 100 mg Lt in a
geometric concentration series with spacing factor 10. For the definite test, substances were
dissolved in diluted seawater using ultra sonication if needed and a geometric dilution series
was prepared directly in the well plates. pH was measured in one well of the lowest and highest
test concentrations of each substance as well as two control wells at test start and end.

Biotest system 4 was the standardized larval development test with the harpacticoid copepod
Nitocra spinipes according to ISO 18220 [69]. In short, nauplii younger than 24h from
N. spinipes were exposed to six different CTs of the four neonicotinoid insecticides clothianidin
(CLO), imidacloprid (IMI), thiacloprid (TCP) and thiamethoxam (TMX). Naupliar development
to the copepodite stage was recorded after 6 and 7 days of exposure, and expressed as larval
development ratio (LDR) being the number of copepodites divided by the sum of nauplii plus
copepodites. At test start, 9 + 1 nauplii were placed in eight replicate wells per concentration
or control treatment for CLO, IMI, and TMX. Because of a limited availability of nauplii at test
start of TCP only 6 £1 nauplii were used in the replicates and controls for TCP. Seventy

percent of the test medium was refreshed once on day 4 and pH and salinity were measured
17



at test start, day 4 and day 7. Organisms were exposed in 10 mL test medium spiked with the
respective test substance (or not spiked in case of control treatments) in sterilized non-treated
6-well VWR® (Oud-Heverlee, Belgium) cell culture plates. During the tests, organisms were
constantly kept in darkness at 21 + 1°C as the cultures.
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3 Sampling in the Belgian part of the North Sea

3.1 Active and passive sampling

Within the NEWSTHEPS project, five field sampling campaigns (SCs) were performed.
Samples were taken at four different sampling locations, i.e. inside the harbor of Zeebrugge
(HZ, 51°20'25.68"N; 3°12'12.11"E) and a few kilometers off the coast of Zeebrugge harbor
(0Z_MOW1, 51°21'37.78"N; 3°6'49.01"E), and inside the harbor of Ostend (HO,
51°13'34.68"N; 2°56'8.00"E) and a few kilometers off the coast of this harbor (OO_X,
51°15'33.00"N; 2°58'1.20"E). An overview of the sampling locations is depicted in Figure 3.2.
Sampling locations inside the harbors were selected to represent high shipping activities and
due to simple accessibility. Coastal locations were selected to represent open marine waters
and were sampled using the research vessel Belgica A962.

Five SCs were carried out between March 2016 and May 2018. Details about the different SCs
can be found in Table 3.1. At the beginning and end of each SC triplicate grab water samples
were taken. For this purpose, 3000 mL water was collected and divided into 3 sub-samples of
1000 mL each. As such, these sub-samples cannot be considered as real sampling replicates
but rather as analytical replicates (3 analytical measurements of one grab sample). This was
mainly due to limited time at the respective sampling locations since our sampling campaigns
were usually part of joint expeditions at the BPNS. Grab water samples were stored in amber
glass bottles pre-cleaned with methanol and ultrapure water. Upon arrival in the laboratory,
sub-samples were filtered using Whatman GF/D glass fiber filters (2.7 pm, 90 x 90 mm).
Na;EDTA-2H,0 at a concentration of 1 g L** was added to the water grab samples and the pH
was adjusted to 7 by addition of a 10 % formic acid solution. Then, samples were stored at
4 °C and dark conditions until extraction and analysis. Finally, chemicals were extracted from
the samples by means of solid-phase extraction (SPE) using Oasis Hydrophilic-Lipophilic
Balance (HLB) (6 mL, 200 mg sorbent, Waters, Belgium).

Passive sampling was performed using Bakerbond H>O-philic divinylbenzene speedisks (Filter
Service S.A, Eupen, Belgium). Speedisks have widely been used for solid-phase extraction in
water analysis [70]. They consist of hydrophilic divinyloenzene sorbent embedded between
two glass fiber filters, held together by two screens, topped by a retaining ring and incorporated
into a housing (Figure 3.1). For use as passive sampling device, the commercially available
Speedisk was physically manipulated by removing the top of the housing with the intention to
improve water flow towards the sorbent. In addition, four holes were drilled on the bottom of
the housing to allow fixing of the speedisk. No changes to the sorbent or fixing parts of the
sorbent were made to maintain integrity of the sampling phase.

During sampling, a total number of 16 speedisks were deployed per sampling location. Field
blank passive samplers (handled equally to the deployed speedisks) were included to assess
potential contamination during handling and transport. Before deployment, the samplers were
pre-rinsed with 20 mL HPLC grade methanol : HPLC grade acetonitrile (1:1, viv %),
subsequently with 20 mL HPLC water and finally stored in acid-washed glass bottles filled to
the top with HPLC grade water until deployment. Samplers were deployed in triplicates at a
depth of approximately 3m below the surface at the harbors and above 2m from the seabed at
the coastal locations. After retrieval they were immediately stored in empty glass bottles and
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kept in the dark at 4 °C until extraction. Speedisks were rinsed directly after recovery with water
of the respective sampling location. In the lab, speedisks were extracted following three steps:

1. Rinsing of speedisks by passing 18 mL HPLC water over the sorbent phase.
2. Drying of the sorbent under vacuum for 5 min.
3. Extraction using 10 mL HPLC grade methanol : acetonitrile (1:1, v/v).

(A)@ =P Rctaining ring (B)

M
H.0-philic DVB ‘1 S 0% ;
o RBOND SPA0T2 .
speedisk W20 prilic DVE % .
i ¢
\Q{"-— ¥

Figure 3.1 Schematic representation of the configuration of the hydrophilic divinylbenzene
Speedisk (A). The picture on the right shows the manipulation of the Speedisk including removal
of the top housing and drilling of fixing holes (B) [71].

Subsequent treatment is described in detail in Chapters 6 and 7 and differed along the method
development. Details about the analytical procedures can be revised in Vanryckeghem et al.
(2019) [20]. In general, within the scope of this thesis, chemical analysis of environmental
samples focused on the detection and quantification of 89 personal care products (PCPs),
pesticides and pharmaceuticals (see annex A, Table Al). These substances were selected
based on their occurrence in natural waters, high consumption/usage and legislative
frameworks such as e.g. the Water Framework Directive (WFD) Watchlist [72].

Table 3.1 Overview of the sampling campaigns (SC) at the harbors of Zeebrugge (HZ) and Ostend
(HO) and at the coast of Zeebrugge (0Z_MOW1) and Ostend (OO_X). Grab samples were taken
at Speedisks passive sampler deployment and retrieval. NA means no samples were taken due
to unavailability of the research vessel. All grab water samples were taken and speedisks were
deployed in triplicates.

SC Location Start End Deployment Retrieval Speedisks
SC1 Hz 14/03/2016 20/05/2016 YES YES YES
HO 14/03/2016 20/05/2016 YES YES YES
OZ_MOW1  14/03/2016 20/05/2016 YES YES YES
00_X NA NA NA NA NA
SC2 Hz 25/11/2016 02/02/2017 YES YES YES
HO 25/11/2016 02/02/2017 YES YES YES
OZ_MOW1  23/11/2016 06/02/2017 YES YES YES
00_X 23/11/2016 NA YES NO NO
SC3 Hz 13/04/2017 20/06/2017 YES YES YES
HO 13/04/2017 20/06/2017 YES YES YES
OZ_MOW1  23/05/2017 14/07/2018 YES NO YES
00_X 02/05/2017 26/07/2017 YES YES YES
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SC4 HZ 16/10/2017 18/12/2017 YES YES YES

HO 16/10/2017 18/12/2017 YES YES YES
OZ_MOW1 26/10/2017 19/12/2017 YES YES YES
00_X 26/10/2017 10/04/2018% YES YES NO
SC5 HZ 29/03/2018 17/05/2018 YES YES YES
HO 29/03/2018 17/05/2018 YES YES YES
0OZ_MOW1  29/03/2018 NA YES NO NO
00_X 29/03/2018 NA YES NO NO

2 Due to loss of the tripod, no passive samplers were retrieved at this time-point.

Figure 3.2 Map of the Belgian coast indicating the four sampling locations. HO and OO_X stand
for “harbor Ostend” and “coastal sampling location near Ostend”, respectively while HZ and
0Z_MOWT1 stand for “harbor Zeebrugge” and “coastal sampling location near Zeebrugge”. The
blue line shows the borders of the Belgian part of the North Sea.

3.2 Chemical analytical methodology

All chemical analysis was performed as described in Vanryckeghem (2020) [71]. In short,
chemical analysis was performed by injection of 10 uL of the reconstituted extracts (see
section 3.1) on a reversed phase ultra-high performance liquid chromatography (UHPLC)
system equipped with a Hypersil Gold column (1.9 um particle diameter, 2.1 x 50 mm,
Thermo Scientific). The mobile phase was operated at a flow rate of 350 uL min?* (Accela
1250 pump, Thermo Scientific) and consisted of a biphasic gradient using water and
methanol both acidified with 0.1 % and 0.01 % formic acid for the positive and negative
ionization mode, respectively. The UHPLC was coupled to a hybrid quadrupole-Orbitrap
high-resolution mass spectrometer (Q-Exactive™, Thermo Scientific) equipped with a heated
electrospray ionization source and operating in full scan mode (120-760 m/z for HESI-
positive; 100-760 m/z for HESI-negative) at a resolving power of 70,000 at full width at half
maximum at 200 m/z. The optimal HESI-II parameters were: capillary temperature: 350 °C;
heater temperature: 375 °C; spray voltage: + 3.5 kV; sheath gas flow rate: 45 absolute units;
auxiliary gas flow rate: 10 AU; S-lens RF-level: 60%. The automatic gain control target was
set at 3,000,000 ions with a maximal injection time of 200 ms.
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4 Single substance testing of chemicals of emerging concern

4.1 Introduction

Before importing or placing on the European market (above 1 ton per year) a new chemical
needs to be tested to investigate its physico-chemical properties as well as potential hazards
for human and environmental health [12]. Individual substance testing is thus at the basis of
current day’s regulatory requirements. As such, data generation is crucial in order to predict
potential hazards to the environmental and/or human health. Still, most of the data
requirements are limited to specific standard biotest organisms often excluding marine
species. This resulted in a considerable discrepancy between ecotoxicity data for freshwater
and saltwater species especially for organic compounds [59]. Remarkably, derivation of
environmental threshold values for the marine environment such as e.g. Environmental Quality
Standards (EQS) can be solely based on ecotoxicity data for freshwater species [6]. This might
be one reason as to why the availability of marine ecotoxicity data is certainly less than optimal
for marine environmental risk assessment [7].

About 20 % of the Earth’s photosynthesis is carried out by diatoms [73]. Phaeodactylum
tricornutum is an example for a diatom that has become a true model organism in
environmental research proven by the availability of its whole-genome sequence [74].
P. tricornutum are important and widely distributed phytoplankton species found worldwide in
estuarine and coastal areas [67].

On a higher trophic level, copepods have been found to play an important role in the Belgian
Part of the North Sea (BPNS) where they comprise 66 % of the total zooplankton abundance
[75] serving as prey for higher trophic levels [76]. Over the past two decades the harpacticoid
copepod Nitocra spinipes has become a standard test species representing coastal and
estuarine organisms [77, 78], resulting in the development of international acute and chronic
ecotoxicity testing guidelines [68, 69].

An initial literature screening for ecotoxicity data for marine species revealed that for 89 target
personal care products (PCPs), pesticides and pharmaceuticals data availability is mainly
restricted to WFD priority pollutants (e.g. atrazine, cybutryne or diuron) and other well studied
substances. In this study we identified and filled data gaps for marine species by acutely testing
23 chemicals of emerging concern (CECs) with both the marine diatom P. tricornutum and the
brackish copepod N. spinipes. Based on the acute toxicity we chronically tested four
neonicotinoid insecticides with N. Spinipes and derived EQS based on a combination of our
generated and literature ecotoxicity data. Ultimately, we characterized potential risks for the
BPNS for individual neonicotinoids and their mixture.
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4.2 Materials and methods
4.2.1 Compound selection

This chapter focused on PCPs, pesticides and pharmaceuticals from the list of NewSTHEPS
target compounds (annex A Table Al). Compound selection for ecotoxicity testing was based
on:

1. Analytical results of grab water samples from SC1 (see section 3): All substances
without any detection above the method detection limit (MDL) were excluded.

2. Ecotoxicity data for marine crustaceans: Substances with ecotoxicity data for both
marine algae and crustaceans available in the EPA ECOTOX database (US
Environmental Protection Agency 2019) were excluded since the main goal was to fill
data gaps for marine species.

3. Log Kow: Substances with a log Kow > 3 were excluded with four exceptions, i.e.
alachlor due to its detection frequency of 100 %, bezafibrate being the only
representative of the sub-class of lipid-regulating pharmaceuticals, diclofenac due to
high measured concentrations up to 269 ng L™ and venlafaxine as representative of an
antidepressant with high usage. Other substances were excluded because a higher log
Kow can be associated with demanding test setups such as passive dosing to maintain
constant exposure conditions [79].

4. Price: some substances (bisoprolol, gatifloxacin and sotalol) were excluded due to very
high costs (>850 € per g) for the pure substance.

All substances were purchased from Sigma-Aldrich (Overijse, Belgium). An overview of the
substances selected for biotesting is given in annex A (Table Al).

4.2.2 Biotest systems

The respective CECs were tested with Biotest systems 1 and 3 for P. tricornutum and
N. spinipes, respectively (see section 2.2). Four neonicotinoid insecticides were found to be
the most acutely toxic for N. spinipes and were therefore also tested (sub-)chronically using
Biotest system 4. Sub-chronic toxicity testing with N. spinipes was limited to the four
neonicotinoid insecticides since no other investigated chemical showed comparably high
toxicity when tested acutely. Indeed, there is a possibility that a substance that is not acutely
toxic might exert long-term effects but testing all 23 substances chronically was not feasible
within this thesis. Therefore a selection was made based on acute toxicity testing.

For algae growth inhibition testing, the temperature was measured continuously throughout
the test period in an additional erlenmeyer flask filled with test medium. The pH was measured
daily in one randomly picked flask per concentration treatment (CT).
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4.2.3 For acute lethality testing with N. spinipes, a pre-test was performed
exposing 5 adult copepods to 6 CTs ranging from 0.001 — 100 mg L1. For
those substances that did not exert any toxicity on N. spinipes up to
100 mg L1, a limit tests was subsequently performed by exposing 20 adult
copepods to a nominal concentration of 100 mg L1. pH and salinity was
measured in one well of the lowest and highest test concentrations of each
substance as well as two control wells at test start and end.Derivation of
Environmental Quality Standards

EQS (equivalent to predicted no-effect concentration, PNEC) were derived according to the
technical guidance document (TGD) for deriving EQS [6] using the AF method. Toxicity data
was obtained from two databases: the US Environmental Protection Agency (EPA) ECOTOX
database [80] and the US EPA Office of Pesticide Programs (OPP) Pesticide Ecotoxicity
database [81]. More information about the two databases can be found in annex A.

4.2.4 Chemical analysis and statistical evaluations
4.2.4.1  Growth inhibition testing with P. tricornutum

Samples of the growth medium (control and contaminant-spiked) for analysis were taken at
the beginning and end of each test. In detail, 225 mL per concentration treatment (CT) were
sampled at the beginning of each test and stored at -20 °C until extraction. At the test end,
triplicates were merged and filtered using a Whatman GF/D glass fiber filter (2.7 um pore size).
After filtering, 100 mL per CT were stored at -20 °C until extraction for chemical analysis.

Dose-response models were generated using the “drc” package [82] using a four-parameter
log-logistic model (fct = LL.4, logDose = 10). EC;0 and ECsp values with their 95 % confidence
intervals (Cl) were derived from the model.

4.2.4.2  Acute lethality testing with N. spinipes

Samples of the test medium (control and contaminant-spiked) for analysis were taken at the
beginning and end of the tests. More precisely, at test start 1 mL of each stock solution as well
as the different CTs were taken for each substance. Samples from individual chemical tests
were merged per CT and stored in amber glass bottles at darkness and -20 °C until analysis.
At test end, 250 pL were taken from each replicate well and merged in an amber glass bottle.
Next, the corresponding CTs of each individual test were merged i.e. CT1 of the different
individual substance tests were merged in one bottle, CT2 of the different individual substance
tests in a second bottle etc. All samples were filtered using 2.7 pum glass microfiber filters
(Whatman™ GF/D, GE Healthcare) before storage in darkness at -20 °C.

Statistical analysis was performed in R Studio [83]. Dose response models were generated
using the “drc” package [82] and visualizations were created with ggplot2 [84]. For dose-
response analysis, a two-parameter log-logistic model was used (fct = LL.2 (upper = 100),
logDose = 10). EC10 and ECsp values with their 95 % CI were derived from the model.
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4.2.4.3 Larval development testing with N. spinipes

Known volumes (90 mL, 56 mL and 75 mL) of the test medium were taken at day O (test start),
day 4 and day 7 of each test. Samples taken on day 4 consisted of 7 mL taken from each of
the 8 replicate wells of each CT. Samples at day 0O were samples taken directly from the
prepared stock solution. Samples at day 7 were a combination of the remaining test medium
in all 8 replicate wells of each CT. Samples from CT and the controls were then filtered using
2.7 um glass microfiber filters (Whatman™ GF/D, GE Healthcare) and stored in amber glass
bottles in darkness at -20 °C until analysis.

Statistical analysis was performed in R Studio [83]. The larval development ratio (LDR) was
defined as the ratio of copepodites to the total number of surviving early-life stages (nauplii +
copepodites) at the end of the test. Statistical analysis was performed using non-parametric
tests. Differences between specific treatments and the control were assessed using the Mann-
Whitney-U test. Based on this analysis, the no-observed effect concentration (NOEC) for each
substance was defined as the highest concentration showing no statistically significant (Mann-
Whitney-U-Test, a = 0.05) effect on larval development. In addition to that, the lowest-
observed effect concentration (LOEC) was defined as the lowest concentration showing a
statistically significant (Mann-Whitney-U-Test, a = 0.05) effect on larval development. In a
separate analysis, a concentration-response model was fitted in R Studio using the “drc”
package [82] to determine the EC1q. For clothianidin (CLO), a hormetic four-parameter model
(CRS.4c) was fitted to the data. For imidacloprid (IMI) and thiacloprid (TCP) a log-logistic two-
parameter model (llogistic2) was used where the maximum LDR was set to the observed
average LDR of the control treatment. For thiamethoxam (TMX), no effects were observed and
thus no model fitted.

4244 Risk characterization

Risks for the BPNS were calculated for all neonicotinoids using the toxic unit (TU) approach.
For each substance an individual TU was calculated as the ratio between the measured
concentration of the substance and its annual average (AA)-EQS for saltwater environments.
For the mixture risk assessment, the individual neonicotinoid TUs were summed (3> TU) per
sampling location (Eq. 4.1). A TU; > 1 or ¥, TU;, > 1 indicates a risk of the individual
substance or the mixture, respectively (i.e., RQ >1). The RQ of the mixture (RQmix) was
calculated as follows:

n n Cl
RQux= ) TUix=) oo (Eq. 4.)
1= 1= 1

where n is the number of mixture components considered and TU; is the TU of component i in
the mixture. The TU;, a dimensionless parameter, is defined as the ratio between concentration
of component i in the mixture (C;) and its AA-EQS for saltwater environments in the mixture

(EQS)).
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4.3 Results
4.3.1 Growth inhibition testing with P. tricornutum

Table 4.1 shows the results of the single substance testing of the selected CECs with the
marine diatom P. tricornutum. The lowest ECso (72h) was observed for amantadine and
oxytetracycline with 6.6 mgL? and the lowest ECio (72h) for oxytetracycline with
0.29 mg L*.Overall, these data suggest a low sensitivity (>0.1 mg L?) of P. tricornutum to
these substances. A summary of the test concentrations and pH measurements for the lowest
and highest concentration treatments is given in annex A (Table A2).

Table 4.1 Effect concentrations (mg L, based on the average measured concentrations of
triplicates) and lower and upper 95% confidence limits (CL) of individual emerging
micropollutants determined in the 72h growth inhibition tests with Phaeodactylum tricornutum.
ECio = 10% effective concentration; ECso = 50% effective concentration. NA indicates not
applicable, NM not measured.

Substance EC1o Lower Upper ECeo Lower Upper ApH AT (°C)
CL CL CL CL
Alachlor 3.6 1.2 6.0 20 14 25 0.88 NM
Amantadine 3.5 2.9 4.1 6.6 5.7 7.4 0.88 NM
Atenolol2 >100 NA NA >100 NA NA 0.64 1.8
Bezafibrate >100 NA NA >100 NA NA 0.39 1.6
Carbamazepine 46 34 57 84 78 90 0.80 0.90
Chloridazon 0.58 0.08 1.07 9.7 5.2 14 0.67 0.90
DEET >53 NA NA >53 NA NA 0.88 NM
Diclofenac? >100 NA NA >100 NA NA 0.39 1.6
Flufenacet 7.0 3.7 10 23 19 26 057 0.80
Flumequine? >100 NA NA >100 NA NA 0.25 1.2
Imidacloprid >160 NA NA >160 NA NA 091 NM
Mecoprop? >100 NA NA >100 NA NA 040 1.6
Metoprolol 0.40 0.06 0.73 7.6 0.8 14 0.25 1.2
Moxifloxacin 23 10 36 126 95 157 0.25 1.2
Oxytetracycline 0.29 0.09 0.66 6.6 0.9 14 0.25 1.2
Pirimicarb >148 NA NA >148 NA NA 052 0.90
Sulfamethoxazole >323 NA NA >323 NA NA 0.45 0.90
Thiacloprid 42 34 50 103 96 111 0.60 0.80
Venlafaxine 6.9 3.0 11 19 13 24  0.65 0.80
Zidovudine? >100 NA NA >100 NA NA 0.67 0.80

aBased on nominal concentration
4.3.2 Acute lethality testing with N. spinipes

The pH across all measurements within a test varied maximally 1.7 units (9.1 — 7.4, for
amantadine) and on average 0.4 units. The complete pH data can be found in annex A (Table
A3). In addition to the standard endpoint mortality, immobilization was also monitored for all
substances and observed it for the four neonicotinoid insecticides. Immobilization resulted in
clearly lower (2.6 — 1000 times lower) 96h-ECso values as compared to mortality. Table 4.2
shows the ECsp values of the four neonicotinoid insecticides including their Cls. The differences
between mortality and immobilization ECsy values were generally larger after short exposure
times (24h — 48h). Immobilization ECs, (96h) values were 2.6, 6.2, 847 and 1000 times lower
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than the mortality ECso (96h) for CLO, TMX, TCP and IMI, respectively. The lowest
immobilization ECso (96h) were observed for CLO at 6.9 ug L™ and TCP at 7.2 ug L, whilst
the observed effects for CLO and TMX became increasingly comparable for the two endpoints
(mortality and immobilization) over time. This was not the case for IMlI and TCP where mortality
was a clearly less sensitive endpoint than immobilization even after 96h as shown in Figure
4.1.

For substances other than the neonicotinoids, ECso (96h) values were determined for
amantadine at 4.8 mg L (3.0 — 6.6 mg L), alachlor at 12 mg L (95%-Cl = 11 — 13 mg L},
diclofenac at 21 mg L* (19 -23 mg L) and venlafaxine at 37 mgL?* (26 —48 mgL™?). An
overview of the ECsp values and the respective dose-response curves for non-neonicotinoids
are given in annex A (Table A4 and Figure A3, respectively). Overall neonicotinoid insecticides
were most acutely toxic to N. spinipes whereas only low effects of herbicides and
pharmaceuticals were observed. Acute lethality testing of 19 non-neonicotinoid substances
with N. spinipes resulted in ECso value determination for 4 substances whereas the ECso for
the remaining 15 compounds was above the maximum test concentration.

Chemical analysis of the acute lethality testing resulted in constant concentrations (in average
< 13 % of concentration reduction after 96h) for all test substances with exception of flufenacet
(44 % of reduction after 96h), oxytetracycline (40 % of reduction after 96h) and paracetamol
(27 % of reduction after 96h). Detailed information about the chemical analysis is given in
annex A (Table Ab).
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Figure 4.1 Concentration-response curves for Nitocra spinipes exposed to four neonicotinoid
insecticides (clothianidin, imidacloprid, thiacloprid and thiamethoxam) measured daily for 96h.
Black circles show the mean mortality of quadruplicates in percent, and blue triangles the mean
immobilization of quadruplicates in percent. Lines are fitted log-logistic dose-response models.

35



Table 4.2 Acute ECy and ECs (in pg L) values for the four neonicotinoid insecticides and their 95% confidence intervals (in parentheses) for the two
endpoints mortality and immobilization.

EC Mortality Immobility
10 24h 48h 72h 96h 24h 48h 72h 96h
Clothianidin >72,000 24 0.94 0.31 2.4 7.5 5.9 0.99
(16 —120) (0.84 —3.7) (0.12 — 1.4) (0.9 - 11) (3.8 - 19) (5.8-6.0)  (0.51-25)
Imidacloprid >132,000 >132,000 >132,000 270 4.2 51 8.8 0.96
(31 — 840) (2.8-9.7) (44 — 108) (5.8-21)  (0.43-15)
Thiacloprid >100,000 101 13 12 55 1.7 0.72 2.0
(31 — 556) (5.3 -57) (10 — 47) (3.3-7.8) (0.78 — 2.6) 0.018-1.4) (0.52—3.4)
Thiamethoxam >142,000 >142,000 4.1 0.43 121 349 38 2.3
(0.16 — 25) (0.28 — 2.0) (23 - 597) (215 — 482) (24