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SOCIETY OF ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY

In the 1970s, no forum existed for interdisciplinary communication among environmental scientists,
biologists, chemists, toxicologists, managers, engineers or others interested in environmental issues.
The Society of Environmental Toxicology and Chemistry (SETAC) was founded in North America in 1979
to fill the void, and quickly saw dynamic growth in the Society’'s membership, meeting attendance and
publications.

A unique strength of SETAC is its commitment to balance the scientific interests of government,
academia and business. The Society by-laws mandate equal representation from these three sectors
for officers of the World Council and Geographic Unit Boards of Directors and Councils, and in the
composition of committees and other society activities. The proportion of members from each of the
three sectors has remained nearly equal over the years.

The Society is concerned about global environmental issues. Its members are committed to
Environmental Quality Through Science®, to timely and effective communication of research, and to
interactions among professionals so that enhanced knowledge and increased personal exchanges
occur. Therefore, SETAC publishes two globally esteemed scientific journals and convenes annual
meetings around the world, showcasing cutting-edge science in poster and platform presentations.
Because of its multidisciplinary approach, the scope of the science of SETAC is broader in concept and



application than that of many other societies.

SETAC's growth is reflected in the founding of geographic units around the world. SETAC Europe was
established in 1989 as an independent organisation, followed by SETAC Asia-Pacific in 1997 and SETAC
Latin America in 1999. In 2002, the four existing organisations joined together under the governance of
the SETAC World Council. SETAC Africa is the most recent geographic unit, which was adopted in 2012.
As evidence of international acceptance of the SETAC model and of the great interest at the local level,
regional chapters and branches have emerged in a number of countries.

SETAC publishes two journals: Environmental Toxicology and Chemistry (ET&C) and Integrated
Environmental Assessment and Management (IEAM). Environmental Toxicology and Chemistry

is dedicated to furthering scientific knowledge and disseminating information on environmental
toxicology and chemistry, including the application of these sciences to risk assessment. Integrated
Environmental Assessment and Management focuses on the application of science in environmental
decision-making, regulation, and management, including aspects of policy and law, and the
development of scientifically sound approaches to environmental problem solving. Together, these
journals provide a forum for professionals in academia, business, government, and other segments of
society involved in the use, protection, and management of the environment for the enhancement of
ecological health and human welfare.

SETAC books provide timely in-depth reviews and critical appraisals on scientific subjects relevant to
understanding a wide range of contemporary topics pertaining to the environment. These include any
aspect of environmental chemistry, toxicology, risk assessment, risk management, or environmental
policy.

SETAC has two administrative offices, in Pensacola, Florida, USA, established in 1992, and in Brussels,
Belgium, established in 1993.



Keynote Lecture Abstracts

K1

A Sunday evening opinion on SETAC’s role in the EU Green Deal

Annemarie van Wezel, University of Amsterdam, Netherlands

Mid December BC (Before Corona) the EU GreenDeal was presented by Frans
Timmermans, with amongst others ambitious goals with regard to a toxic-free
environment. In this opening lecture, during your Sunday (#veggie?) roast at the
#virtual and thus #very2 1stCentury #SETAC2020 meeting, I’ll discuss the various
topics of relevance to SETAC of this EU Green Deal. What are the knowlegde
gaps and what is the scientific consensus with regard to the various relevant topics
related, such as the one-substance/one-assessment paradigm? What could be
essential elements to come to a chemicals strategy for sustainability? And what
role can our tripartite society (composed of members from academia, government
and industry) play so that new scientific evidence is rapidly reflected in the
regulatory frameworks.

K2

Safety Assessment without Animal Testing: Progress in Industry

Matthew Dent, Unilever, United Kingdom

Safety is a prerequisite for any consumer product. Worldwide, there is an ever-
increasing desire to bring safe products to market without animal testing. In recent
years it has become clear that trying to develop safety assessments that simply
replace animal test data with some form of equivalent ‘alternative’ data will not
work. Instead, a completely new approach to consumer safety is needed. ‘Next
Generation Risk Assessment” (NGRA), defined as an exposure-led, hypothesis
driven risk assessment approach that integrates in silico, in chemico and in vitro
approaches, provides such an approach. This talk will outline scientific progress in
the development and adoption of NGRA and discuss how we can build acceptance
of new assessment approaches for both human and environmental safety within
the scientific community.

K3

Biodiversity and the role of big data: Using data to drive pollinator
conservation in Ireland

Una FitzPatrick, National Biodiversity Data Centre, Ireland

Pollination is a free service provided by nature, that delivers a healthy
environment and landscape. Data shows that one third of Ireland’s 98 wild bee
species are threatened with extinction and that common bumblebees have
experienced a 14.2% decline in abundance since 2012. Rare species are
disappearing through habitat loss and common species are struggling because of
the way we currently manage the rest of the landscape. Pollinators are in
enormous difficulties, but we don’t have to accept that fate. The All-Ireland
Pollinator Plan was published in 2015www.pollinators.iemaking Irelandone of the
first countries in Europe with an approach to address this problem. It is a
voluntary plan that is supported by more than 100 governmental and non-
governmental organisations and it has identified 81 actions to make Ireland more
pollinator-friendly. Clear, accessible evidence-based guidelines have been written
for all sectors explaining what actions can be taken to help. These have been
widely and voluntarily adopted by farmers, local authorities, gardeners,
community groups, businesses and schools. The All-Ireland Pollinator Plan is still
in the early stages, but it has demonstrated that you can engage across sectors, and
you can bring people together to address a biodiversity crisis. Importantly, it has
shown that data is the impetus for change; allows identification of the correct
evidence-based actions, and through tracking and monitoring creates the
momentum to facilitate real progress.

K4
Science Communication
Estelle Robichaux, COMPASS, United States

1 SETAC Europe 30th Annual Meeting Abstract Book



Platform Abstracts

Advances in Invertebrate Endocrine Toxicology

1.01.1

Levels and trends of tributyltin (TBT) and intersex in common periwinkle
(Littorina littorea) in Vikkilen, Norway from 2005 to 2018

M. Scheyen, Norwegian Institute for Water Research (NIVA) / Centre for Coastal
and Marine Research; L.A. Tveiten, Norwegian Institute for Water Research
NIVA / Marine Biology; D. Hjermann, Norwegian Institute for Water Research
NIVA / Environmental Data Science; S. @xnevad, Norwegian Institute for Water
Research NIVA / Environmental Contaminants

TBT causes disruption of sexual development in gastropods, and the
masculinization occur as intersex or imposex. While imposex is closely linked to
contamination by organotin compounds, intersex can also be caused by natural
estrogens (e.g. estradiol), synthetic oestrogens (e.g. ethinyl estradiol) and non-
hormones (e.g. octylphenol and nonylphenol). Intersex can occur in both sexes
and is development of spermatocytes in the ovary or oocytes in the testis. Intersex
can be caused by TBT concentrations in seawater as low as 10-15 ng/L. 50 years
after the first signs of imposex in marine snails, there were no imposex in
dogwhelk (Nucella lapillus) along the Norwegian coast (SETAC Europe, Helsinki
in 2019). These results were confirmed for 2018 data. N. lapillus exists in wave
exposed areas, while common periwinkle (Littorina littorea) also lives in the
fjords. Here we present new data on intersex in L. littorea from Vikkilen in
Grimstad, a fjord in Norway. Sediment in the inner part of Vikkilen has for years
been severely contaminated by TBT due to pollution from to the local shipyard
industry. Concentrations as high as 60 000 pg TBT/kg have been detected in the
sediment, which is the highest in Norway. The biological effect in L. /ittorea is
quantified by the Intersex Sequence Index (ISI) and average Female Prostate
Length (FPrL). Levels and trends of TBT and intersex (ISI) in L. littorea have
been monitored since 2005 at six stations. Subsequently, 50 specimens from each
station were analysed individually for intersex/ISI and pooled (only females) for
TBT. There were high levels of intersex from 2005 to 2010, and then the levels
decreased. There was no intersex (ISI=0) in L. /ittorea in 2018, or the last year
intersex was investigated, and the TBT concentrations were low. There were
significant downward trends for intersex (ISI) at the stations in the Inner fjord
(Skjeviga, Shipyard, and Vikkilen), or low levels (Bétste). There were good
correlations between TBT and ISI, but no correlations between TBT and FPrL, or
ISI and FPrL. There was a significant reduction in TBT concentrations in blue
mussel in Vikkilen. These results show that the remediation in 2016 and
legislation banning use of TBT in 2008 have been effective in reducing intersex in
L. littorea. This monitoring data confirm the remediation and rationale of
implementing strict international regulations on industrial chemicals when these
can be linked to ecological perturbations in coastal ecosystems.

1.01.2

DEHP acts as an endocrine disrupting chemical in the pest moth Spodoptera
littoralis and affects post-embryonic development, adult male sexual
behaviour and offspring development

A. Aviles, Syddansk Universitet / Department of Biology; I. Boulogne,
Normandie Universit¢ UNIROUEN / Laboratoire Glyco-MEV EA 4358; A.
Cordeiro, A. Maria, N. Durand, F. Bozzolan, M. Dacher, Sorbonne Universités,
UPMC / Institute of Ecology and Environmental Sciences; A. Goutte, Sorbonne
Université / EPHE METIS 7619; F. Alliot, Sorbonne Universités / EPHE UMR
7619; D. Renault, Université de Rennes / UMR CNRS ECOBIO; M. Massot, M.
Maibéche, D. Siaussat, Sorbonne Universités, UPMC / Institute of Ecology and
Environmental Sciences

Bis(2-ethylhexyl) phthalate (DEHP) is a widely produced plasticiser found in
many everyday life products. As DEHP is not covalently bound to plastic, it is
found everywhere in the environment, in particular in sediments, soils and plants.
DEHP is a recognised endocrine disrupting chemical (EDC) in vertebrates, where
it affects steroid levels and induces, amongst others, developmental and
behavioural impairments. While invertebrates represent most of animal
biodiversity and play critical roles in the aquatic and terrestrial ecosystems, fewer
studies have focussed on the effects of DEHP on those species and particularly in
terrestrial insects. However, studies on Chironomus riparius aquatic larvae found
that DEHP could reduce the expression of the ecdysteroid receptor (EcR). In
holometabolous insects, the ecdysteroids are one of the major lipidic hormone
family and play a crucial part in post-embryonic development. In this context, we
used the Egyptian Cotton leafworm Spodoptera littoralis as a model to study the
effects of larval exposure to DEHP on post-embryonic development, male sexual
behaviour and offspring’s development in a terrestrial insect. Larvae were exposed
to three environmentally relevant concentrations (1.1mg, 3.2mg and 19.7mg per
gram of food) and three higher concentrations (447.2mg, 4.3mg and 39.5mg per
gram of food) of DEHP via food. An integrative approach was used, combining
post-embryonic and male sexual behaviour monitoring, hormonal and DEHP
titrations, gene expression measurements and metabolomics. We showed that,

DEHP acts as an EDC in this species by affecting ecdysteroid titration and
ecdysteroid response genes’ expressions in both larvae and adult males. Besides,
DEHP was also observed to affect post-embryonic development, inducing, for
example, an increased food consumption with no effect on larval growth curves,
and affecting the metabolic profile two days before metamorphosis. DEHP also
affected male sexual behaviour, and delayed mating and shortened mating time in
DEHP-treated females mated with control males. Finally, intergenerational
experiments showed that DEHP altered the development of the offspring of
DEHP-treated females. Altogether, our results show that DEHP acts as an EDC in
Spodoptera littoralis resulting in observed effects in different life stages and on
offspring’s development.

1.01.3

Multigenerational effects of the lipid lowering drug Simvastatin in the
keystone amphipod Gammarus locusta

T. Neuparth, University of Porto: CIMAR-LA/CIIMAR — Centro Interdisciplinar
de Investigagdo Marinha e Ambiental / Endocrine Disruptors and emergent
contaminant group; A. Machado, University of Porto: CIMAR-LA/CIIMAR —
Centro Interdisciplinar de Investigagdo Marinha e Ambiental; R. Montes,
University of Santiago de Compostela / IIAA Institute for Food Analysis and
Research; R. Rodil, University of Santiago de Compostela; S. Barros, N. Alves,
University of Porto: CIMAR-LA/CIIMAR — Centro Interdisciplinar de
Investigagdo Marinha e Ambiental; R. Ruivo, F. Castro, CIIMAR - University of
Porto; J. Quintana, University of Santiago de Compostela; M.M. Santos,
CIIMAR/FCUP / Biology/Endocrine Disruptors and Emerging Contaminants
Hypocholesterolaemic drugs such as statins are among the most prescribed human
pharmaceuticals in western European countries and United States. In vertebrates,
this therapeutic class disrupts the cholesterol synthesis by inhibiting the enzyme 3-
hydroxy-3-methyl-glutaryl-CoA reductase (HMGR), responsible for the limiting
step in the mevalonate pathway. Furthermore, the catalytic domains of metazoan
HMGRs and the mevalonate metabolic pathways is highly conserved among
metazoans. In crustaceans, the down stream pathway (Sesquiterpenoid biosyntetic
pathway) synthesize the isoprenoid methyl farnesoate (MF) which has a central
role in crustacean’s reproduction. Importantly, in a previous work of ours we
demonstrated that chronic partial life-cycle simvastatin (SIM) exposure disrupts
crustacean reproduction and development at environmentally relevant
concentrations. Here, we expand our early studies, adressing the multigenerational
effects of SIM in ecological relevant endpoints, and the link of the findings with
tissue MF levels and change in gene transcription. Gammarus locusta, used in this
study, were derived from a permanent stock culture settled at the Interdisciplinary
Centre of Marine and Environmental Research (CIIMAR) since 2009. To
investigate the multigenerational (FO and F1) effects of environmentally relevant
concentrations of SIM, G. locusta was continuously maintained under SIM
exposition during two successive generations to 64 and 320 ng/L. We found
significant effects in FO at 320 ng/L, i.e., decrease of reproductive output and
growth, and depression of female growth at 64 ng/L. In F1, both growth and
reproduction were impacted at 64 and 320 ng/L. Levels of MF in males were
significantly increased at 320 ng/L in FO and 64 ng/L in F1. In contrast, levels of
MF were depressed in FO females from the 64 ng/L treatment and in F1 females
from both tretament groups. The transcriptomic analysis identified multiple
affected pathawys, mostly related with cuticle synthesis and fatty acid
metabolism.The present results demonstrate that chronic low-levels exposures of
one of the most prescribed pharmaceutical impacts key ecologoical endpoints at
least for two consecutive exposed generations. The ecological relevances of the
findings will be discussed and integrated with current risk assesment frameworks
of chemicals of emerging concern.

1.01.4

Effects of a potent estrogen mimic on wild populations of leeches

K.A. Kidd, McMaster University / Department of Biology and School of
Geography and Earth Sciences; S. Graves, University of Saskatchewan /
Toxicology Centre; G. McKee, McMaster University / Department of Biology; C.
Podemski, Fisheries and Oceans Canada

Leeches are widespread, found in a variety of freshwater habitats, and have
diverse dietary habits, ranging from those that will prey on invertebrates to those
that are ectoparasites. Despite their prevalence and close phylogenetic
relationships to Mollusca, a phylum with species known to be affected by
exogenous estrogens, it is unclear whether Hirudinea may also be impacted. A
whole lake experiment was done at the Experimental Lakes Area (ELA) in
Ontario, Canada, to assess whether the estrogen in the birth control pill (17a-
ethynylestradiol; EE2) affected reproduction and numbers of fish and other
organisms in the food web. Herein, we examined whether EE2 in the experimental
lake impacted leech community composition, species abundance, cocoon
production, growth rates and gonad size when compared to reference lakes using a
BACI design. Each month baited leech traps were set overnight in the littoral zone
at 10 sites around experimental Lake 260 and two reference lakes, and all
individuals were anaesthetized, identified, weighed and measured. In addition,
artificial substrates were left in the littoral zone over the summer months and
regularly assessed for cocoon production. The common species Haemopis
marmorata was dissected (n=25/lake/month) and male and female organs were
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measured, dried and weighed to examine changes in gonadosomatic indices (GSI).
Across all lakes and dates, 9 species representing 3 families were collected. There
were no apparent effects of EE2 on total numbers, species richness or community
composition. Condition was highest in June and July and lowest in May and
August, and 1 of 5 species showed a significant increase after EE2 exposures
(ANOVA BACI). Total GSI (all male and female organs), and the GSI for all
male or all female organs for H. marmorata were not affected by EE2 additions.
However, some individual reproductive organs were affected, including relative
sperm sac length, relative epididymis weight, relative vaginal bulb length, relative
ovisac length and relative albumen length. Finally, cocoon laying was dominated
by Nephelopsis obscura (88-96%) and we observed some effects of EE2 on the
timing (earlier), but not overall, output. In summary, few individual through
community measures of leeches showed differences after exposures to low ng/L
concentrations of EE2, suggesting that species of Hirudinea are not as sensitive to
this endocrine disruptor as other invertebrates and vertebrates.

Advantages of Using Laboratory Model and Field Collected
Invertebrates in Ecotoxicology: New Insights for
Environmental Risk Assessment

1.02.1

iNVERTOX: Linking metabolomics to behavioural changes in Gammarus
pulex upon exposure to psychoactive drugs

T.H. Miller, K. Ng, Kings College London / Environmental Research Group; M.
Santos, J. MacRae, The Francis Crick Institute / Metabolomics; N. Bury,
University of Suffolk / School of Engineering, Arts, Science and Technology; S.
Owen, AstraZeneca / Global Sustainability; L. Barron, Kings College London /
Analytical, Environmental and Forensic Science

The (pseudo)persistence of emerging contaminants and other organic
micropollutants in the environment represents a risk for the organisms that are
exposed to them. Omics technologies are providing a powerful tool within
environmental toxicology to better understand the effects of these exposure
scenarios. However, application of metabolomics in environmental toxicology is
currently very limited and the subsequent interpretation of metabolite data for the
understanding of toxicological responses is challenging. Furthermore, behavioural
endpoints are generating discussion for their use in risk assessment as a sub-lethal
indicator of effect. Thus, we characterised metabolomic changes in a freshwater
invertebrate, G. pulex, upon exposure to several psychoactive drugs. Behaviour
was monitored across a 7-day exposure period to 5 concentrations of selected
drugs ranging from environmentally relevant to non-relevant levels. Animals were
sampled across the exposure phase to determine both internalised drug
concentrations and altered endogenous metabolites to establish links between
cause and effect relationships. The results indicated that both endogenous
metabolites and activity of the animals were altered depending on psychoactive
drug treatments. Additionally, endogenous metabolites were shown to be affected
by laboratory acclimatisation, moulting cycle and biological sex of the animals.
Behaviour was affected during the first 24-hours of the experiment suggesting that
handling of animals can cause significant effects for subsequent behavioural
measurements. Internal concentrations of drugs reached steady-state very quickly
and experimentally estimated bioconcentration data suggested that these
organisms are capable of rapid turnover of these drugs. Overall, the
characterisation of metabolic variance for invertebrates along with the use of
metabolomics shows a very powerful approach for understanding adverse effects
that may be associated with environmental contaminants.

1.02.2

Effect of tidal movement on the toxicity of chlorpyrifos:: is current risk
assessment applicable to tidal areas with high environmental values?

S. Prévalet, Wageningen University & Research / Environmental Toxicology;
H.H. van den Berg, Wageningen University / Division of Toxicology; N. van den
Brink, Wageningen University / Dept of Toxicology

Tidal areas are of extremely high value for marine ecosystems. Fish breed in high
numbers, and large numbers of birds use such areas as feeding ground, especially
during migration. Current testing protocols to assess risks of chemicals to marine
ecosystems however, do not include the potential interactive effects of tidal
movements. Since organisms in tidal areas are exposed to extremely variable
environmental conditions, including temperature, salinity, solar radiation and
desiccation, risk assessments based on test systems with overlaying water may not
be relevant for tidal areas. To test the potential effects of tidal movement on the
toxicity of chemicals a novel test system was developed in which marine benthic
fauna can be tested under environmentally relevant conditions with alternating
high and low tides appearing two times a day. In the presentation the details of the
system will be presented. Using the new systems, exposure experiments were
performed to assess the differential effects of Chlorpyrifos on the marine bivalve
Cerastoderma edule, a cockle. Treatments with tidal movement were compared to
treatments under stagnant water. Chlorpyrifos was selected because this is a well-
studied neurotoxic compound with known mode of action via inhibition of AChE
activity. C. edule were exposed 18 days to nominal concentrations of 0 to 3 mg*I’
!. The LC50 for the Stagnant Water systems (SW) and Tidal Flow systems (TF) at

18 days of exposure were > 3.0 and 1.0 mg*I”, respectively. Survival was
significantly higher in SW for CPF concentrations of 1 to 3 mg.I"". The SW tended
to have higher mean filtration rate than the TF but this was only significant at 0.1
mg.I"! CPF. From 1 to 3 mg.I"" CPF the mean burrowing of C. edule per treatment
decreased more importantly in TF and, in contrast to SW, no recovery was
observed over time. Overall it can be concluded that, although not all response
variables showed significant differences between the systems, the toxicity of CPF
to C. edule is higher under tidal conditions. This is a first indication of the
potential effects of tidal movement on the toxicity of chemicals to benthic marine
organisms. The results warrant for further research on different chemicals and
different ecological receptors to verify the applicability of current methods to
address risks of chemicals for extremely valuable marine habitats, with high
conservation status.

1.02.3

In situ evaluation of pesticide mixture effects on embryo-larval stages of the
Pacific oyster (Magallana gigas)

E. Rozmankova, EPOC, University of Bordeaux / RECETOX, Faculty of Science;
M. Barré, University of Bordeaux / EPOC; L. Blaha, Masaryk University, Faculty
of Science / Faculty of Science, RECETOX; J. Cachot, Universit¢ Bordeaux /
EPOC; B. Morin, University of Bordeaux / EPOC; P. Gonzalez, University of
Bordeaux / UMR EPOC CNRS 5805

Pesticides are widely used throughout the world in many agricultural applications.
Once applied, they may end up in aquatic ecosystems and harm non-target
species. Moreover, complex mixtures of various substances and metabolites are
formed, whose toxicity may vary depending on the interactions between
molecules and organisms (synergism, addition, antagonism). This study is based
on the case of the Arcachon Bay, situated in south-west France, and influenced by
growing anthropogenic pressures. Numerous substances have been detected in the
waters of the Bay. The mixture’s impact on local fauna is unknown, especially on
the Pacific oyster, which represents a great ecological and economic value for the
Agquitaine region, and which has been encountering farming-related problems in
the last years. In situ experimentations allow us to evaluate directly the complex
effects of the actual situation in the ecosystem. Thus, we designed a caging device
consisting of 41 HDPE bottles closed by 20 um mesh NITEX filters on both sides,
which was kept on three different sites of the Bay for two days. Four devices on
every site encaged each approx. 660000 oyster embryos (issued from four
different mature oyster couples). The in situ exposure was followed in the
laboratory by a battery of tests: larvae malformation evaluation, locomotion
analysis (2 min videos analyzed for the maximal and average speed and the type
of trajectory followed by the larvae) and evaluation of expression levels of 14
selected genes via qRT-PCR (B-actin, efla, rpl7 were used as housekeeping
genes). Concentrations of selected pesticides in the water on the caging sites were
measured by LC-MS/MS. This study successfully used the designed device for the
caging of oyster embryos and larvae in the Arcachon Bay in France. The larvae
presented no significant mortality or developmental malformations regardless of
the sampling site which revealed a good water quality in the Arcachon Bay.
Although not significant, locomotion analysis showed an increase in abnormal
swimming behaviour and in swimming speed on two sites of the Bay, which
encounter strong anthropogenic pressure, in comparison with the reference site
situated near the open ocean. Statistically significant effects were found on the
molecular level, especially regarding oxidative stress defense (genes cat, sodMn,
gpx), detoxification function (genes mtl, mt2), mitochondrial metabolism (genes
128, cox1) and DNA damage and repair (genes gadd45, rad51).

1.02.4

Effect of the reproduction cycle period on energy metabolism responses in a
model organism (Dreissena polymorpha) exposed to cadmium: what
consequences for biomonitoring?

F. Louis, Université¢ de Reims Champagne Ardenne; B. Rocher, Université Le
Havre / UMR-I 02 INERIS-URCA-ULH Environmental Stress and Aquatic
Biomonitoring (SEBIO),; L. Delahaut, 1. Bonnard, Université¢ de Reims
Champagne Ardenne / UMR-I 02 INERIS-URCA-ULH Environmental Stress and
Aquatic Biomonitoring (SEBIO); V. Gaillet, Universit¢ Reims Champagne
Ardenne / UMR-I 02 INERIS-URCA-ULH Environmental Stress and Aquatic
Biomonitoring (SEBIO); S. Paris, Université de Reims Champagne Ardenne /
UMR-I 02 INERIS-URCA-ULH Environmental Stress and Aquatic
Biomonitoring (SEBIO); E. David, Université de Reims Champagne Ardenne /
UFR Sciences Exactes et Naturelles

Aquatic environments quality can be assessed measuring biomarkers in species
used as model for biomonitoring studies. In freshwater ecotoxicology, the zebra
mussel Dreissena polymorpha is a freshwater bivalve commonly chosen. To
develop new biomarkers integrative of the general health status of organisms,
energy metabolism provide relevant candidates. Among metabolic pathways,
processes of synthesis and energy management may give possibilities. The
energetic status of an organism is modulated by biotic (such as reproductive stage)
and abiotic (temperature, oxygen, etc) parameters fluctuations. When the
organism is subject to environmental stress, a part of its available energy will be
allocated to defence mechanisms, at the expense of other essential functions such
as growth or reproduction. In order to understand how the reproductive cycle may
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influence responses of organisms to a chemical stress, the effect of a metal
exposure on cellular energy metabolism was investigated in the zebra mussel at
different breeding periods. Dreissenids were exposed to cadmium (10 pg.L™") and
at two different temperatures for 7 days, during rest (November) and reproduction
(June) periods. Several cellular energy (ATP) management processes have been
targeted (oxidative phosphorylation, adenylate balance and regulation,
mitochondrial density). The results showed responses differing according to the
reproductive stage. After 24 hours of Cd exposure, glycogen content decreased
and cellular damages were observed in reproduction period. In contrast, no effect
of Cd was noticed during the rest period. These observations could be explained
by the energy status of the organisms during the rest period, since organisms
restore their energy reserves and are then more able to counteract the metal stress
without associated noticeable damages. This study highlights the importance of
considering the cycle time of organisms for their use in biomonitoring.

Alternative Approaches to Animal Testing for Aquatic
Ecotoxicity Assessments and Environmental Risk
Assessments

1.03.1

Update of TG203: what is further needed to address fish welfare

L. Katsiadaki, Cefas / Environment and Animal Health; T. Ellis, Cefas; C. Green,
DEFRA / Environmental Quality Directive

The Fish Acute Toxicity Test (TG203) is one of the most frequently conducted
regulatory ecotoxicology tests using animals (1) and raises welfare concerns for
animal suffering as it determines the concentration of chemical required to kill
50% of fish (LC50). Recognising these concerns, the UK and Switzerland worked
in partnership at the OECD to modernise the TG leading to the publication of an
updated version in 2019 . This intended to allow those conducting the test to
euthanize fish that are considered “moribund” — exhibiting clinical signs
indicating that death is inevitable — to end suffering early. However, it was not
possible to introduce this more humane endpoint due to opposition from some
countries who felt that there was currently insufficient evidence to link sub-lethal
clinical signs of toxicity to death and that moribundity is ill defined. The revised
TG has therefore enhanced the recording of the sublethal clinical signs that fish
may exhibit in these tests to help us fill the data gap and improve our ability to
predict death. It is hoped that this will form the scientific basis by which we can
achieve our aim of determining a standardised definition of morbundity based on
sublethal clinical signs and incorporating it into TG203 in the future to minimise
animal suffering. However, a mechanism for collecting, holding and analysing the
data on clinical signs generated by the new TG need to first be determined to
make progress towards achieving this aim.

1.03.2

Reducing, refining and replacing fish acute toxicity tests

B. Labram, N. Gellatly, F. Sewell, N. Burden, NC3Rs

Acute toxicity tests are conducted as part of regulatory risk assessment and hazard
classification packages for industrial chemicals and agrochemicals. Historically,
the aim of acute toxicity tests has been to determine an LDso dose, i.e. the dose
which would be lethal to 50% of the animals treated. They are therefore associated
with suffering in the test animals. Large numbers of animals can be used for this
purpose; for example, OECD Test Guideline (TG) 203 (fish acute toxicity) studies
are the most widely conducted regulatory vertebrate ecotoxicology tests. There is
great scope to apply the 3Rs principles — the reduction, refinement and
replacement of animals — in this area of testing. An expert Ecotoxicology Working
Group, led by the UK National Centre for the Replacement, Refinement and
Reduction of Animals in Research (NC3Rs), including members from
government, academia and industry, reviewed global fish acute test data
requirements for the major chemical sectors. We identified the key challenge and
opportunity areas related to reducing, refining and replacing traditional fish acute
toxicity tests without compromising environmental protection. Data analysis
exercises have been carried out to explore whether the number of animals used
could be reduced, without compromising the scientific objectives. For example, it
may be possible to align varying global regulatory requirements and decrease the
number of different species that require acute testing. The need for testing
formulations in addition to active substances has also been considered. There are
opportunities to refine these tests, by moving away from using lethality towards
more early and humane endpoints. There is now a requirement within OECD TG
203 to record sublethal clinical signs in a systematic way, which may in future
have utility in predicting moribundity and death. Novel approaches which replace
the use of late life stage animals, such as those using fish embryos (e.g. OECD TG
236) and fish gill cell lines, are now being further developed for use in integrated
approaches (e.g., OECD project 2.54), and may aid in reducing the number of in
vivo fish acute toxicity studies needed. This presentation will highlight the
ongoing initiatives and provide an overview of the key challenges and
opportunities associated with replacing, reducing and/or refining fish acute
toxicity studies.

1.03.3

Predictive acute fish toxicity models and applicability within the industrial
context

F. Lunghini, Solvay SA; G. Marcou, University of Strasbourg CNRS; P. Azam,
Solvay SA; M. Enrici, SOLVAY / HSE; E. van Miert, Solvay SA; A. Varnek,
University of Strasbourg CNRS

There is an ever increasing need for in silico alternatives to animal testing for the
assessment of chemical hazardous properties in the environment. The advantage
of these alternative methods is primarily the reduction of animal use, but they aim
also at improving the predictability. However, in most cases, existing models have
a limited applicability domain because the training sets of the existing tools are
quite limited, and they have not been updated since several years. Moreover, many
existing in silico models also have limited potential for regulatory acceptance, like
for REACH submissions, due to the lack of understanding of their underlying
concepts by the users and authorities, which require that a model complies with
the five OECD principles. We generated a new fish acute toxicity (LC50) model
(ISIDA Consensus) based on a large collection of thoroughly curated and publicly
available data, counting 1813 compounds (around double that of other available
models). A specific emphasis has been put on the simplicity of use and
understanding of the model’s output by including features like: evaluation of the
reliability, verification of applicability domain and visualization of which
molecular fragments of the substance influenced the prediction (ColorAtom). This
last utility provides a valuable enabler for the understanding of the model’s
prediction, thus allowing further mechanistic interpretation. Internal and external
validation have been carried out following the OECD principles. The performance
of the model was benchmarked against existing tools on a set of 103 compounds
which were considered more representative and relevant for the chemical space of
the current Chemical Industry. Our model scored first on data coverage and
second in prediction accuracy. This model and the associated utilities, as well as
other models predicting properties such as bioaccumulation and ready
biodegradability, are freely accessible through the online ISIDA/Predictor
platform, at the Laboratory of Chemoinformatics webpage: http://infochim.u-
strasbg.fr/cgi-bin/predictor_reach.cgi.

1.03.4

Building bridges between the world of traditional lab animal science and
environmental research: better science and improved animal welfare

J.M. Sanchez Morgado, Trinity College Dublin; A.J. Smith, Norecopa

Despite advances in the development and validation of in vitro techniques,
animals are still used in large numbers for research, development and testing to
meet today’s environmental challenges. In recent years, the use of animals in
research and testing has come under scrutiny from scientists themselves, who are
concerned about poor study design and reproducibility, in addition to low
translatability from animals to human medicine. These concerns come in addition
to animal-related issues, which have created a need for better welfare indicators.
Transposition of EU Directive 2010/63 has resulted in a number of new legal
requirements, including severity classification of experimental procedures. Many
of these issues have, until now, largely been discussed in relation to the
mammalian species that are commonly used in the laboratory. There are large
knowledge gaps related to the use of fish in research, made worse by the fact that
“fish” are often treated as one group. This situation has created a need for readily
available information and guidance on the use of fish and other aquatic species for
scientific purposes. Until recently, efforts to lessen the reproducibility crisis have
tended to focus on improving the reporting of animal studies. This is too late in
the process to have any immediate effect on research quality. Guidance for
planning preclinical research is now available. The PREPARE guidelines consist
of two parts: the first is a checklist which is intended to be an aide memoire from
day one of planning, rather than an additional bureaucratic hurdle. Importantly,
the checklist is supplemented by a comprehensive website containing sections
which explain each of the 15 items on the checklist. These sections contain links
to detailed expert guidance on each topic, collected from expert working group
reports, the general scientific literature and multi-author consensus statements. We
are concerned about the two-way knowledge gap and lack of communication
which seems to exist, to varying degrees, between laboratory animal specialists
and scientists in other disciplines. Since both groups are now acknowledging that
there is a “reproducibility crisis”, concerted efforts must be made to bridge this
gap, in the interests of improved animal welfare and better science, since the one
leads to the other. Hopefully the PREPARE guidelines will help this process.

1.03.5

Are two negative controls needed when a solvent is used in an aquatic study?
J.W. Green, JohnWGreen-ecostats.com / Data Science and Informatics; S.E.
Belanger, K.A. Connors, Procter & Gamble Company / Global Product
Stewardship; C. Fassbender, PETA International Science Consortium Ltd.; M.
Halder, European Commission Joint Research Centre / DG Joint Research Centre
THCP EURL ECVAM,; G. Stoddart, PETA International Science Consortium Ltd.
In order to receive regulatory approval to market certain substances such as
biocides, pesticides and industrial chemicals, a battery of studies must be
conducted to establish the environmental safety of the product and the safety of
the animals who are exposed to the chemical. Since drift and runoff bring the
chemicals into adjacent waterways, numerous aquatic studies are performed. With
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difficult to test substances, as discussed in OECD Guidance Document 23, it is
sometimes found necessary to use a low concentration of a solvent in order to
maintain an adequate and stable supply of the test chemical throughout the study.
Most regulatory test guidelines (TGs) for such aquatic studies require both a water
and a solvent control when a solvent is used. The same concentration of the
solvent is used in all concentrations of the test chemical and in the solvent control.
An international team of scientists led by the European Commission Joint
Research Centre and the International Council on Animal Protection in OECD
Programmes (ICAPO) is exploring the question of whether both controls are
needed in all aquatic studies that use solvents If the water control is not needed,
then omitting it would reduce animal use and would be an ethically sound
decision. The 2019 revised OECD Test Guideline (TG) 203 describing fish, acute
toxicity, contains the statement “The dilution water control can be omitted, and
the test conducted and evaluated with a solvent control only, provided it is
appropriate when considering the needs for these data and the requirements of the
relevant regulatory authorities.” The purpose of this presentation is to explore the
justification for omitting the water control in this and certain other TG studies.
The biological, statistical, and regulatory concerns regarding the need for, and use
of, both water and solvent controls in these studies are explored and evidence is
presented to show that the omission of the water control is justified at least for
some aquatic guideline studies. The focus is on OECD TG 203, but some
discussion of TGs 212 and 236 is included. The power to detect or estimate
statistically effects that are biologically relevant are explored, as is a critical
understanding of the usefulness of having two controls to determine study
acceptability. This work draws on and, in some instances, extends results from
earlier papers.

1.03.6

COMBASE, a computational platform for the assessment of biocidal active
substances of ecotoxicological concern

S.J. Barigye, ProtoQSAR S.L./ R & D; S. Gomez, ProtoQSAR SL; R. Gozalbes,
ProtoQSAR SL / Director

Biocides are substances employed to prevent or attenuate the action of harmful
organisms, or even destroy them. However, their effects may not be limited to the
pathogens to which they are intended, but may also affect human health and the
environment. In order to favour the sustainable use of biocides, their
commercialization and use have to strictly follow the EU Regulation No.
528/2012 (“Biocidal Products Regulation”, BPR), thus guaranteeing the protection
of people and environment. This regulation presents the inconvenience that it
involves a large number of animal tests to meet the information requirements. The
use of alternative methods to animal experimentation has numerous advantages
over traditional laboratory tests, allowing to reduce the number of animals
slaughtered or even replace them, and are completely valid at the regulatory level.
The BPR itself promotes the use of such methods. Among them, Computational
Toxicology stands out, which consists of the development and application of
algorithms and models that allow predicting various biological and environmental
parameters based on the chemical structure of substances. In this context, the
objective of the European project COMBASE (“Computational tool for the
assessment and substitution of biocidal active substances of ecotoxicological
concern”, www.life-combase.com) was to develop a computational tool
integrating predictive aquatic toxicity models for biocidal substances at four
trophic levels: bacteria, algae, crustaceans and fish. This tool allows to predict the
eco-toxic effects of biocides during their useful life, as well as metabolites and
degradation products generated from active substances. COMBASE is highly
innovative and it is the first time in Europe that a database with specific
ecotoxicological information focusing on biocides is integrated, coupled with a set
of experimentally validated computational models to confirm its effectiveness and
with regulatory validity.

1.03.7

Potentials and pitfalls of transient in vitro reporter bioassays

S. Lungu, SLU Uppsala / Biomedical Sciences and Veterinary Public Health; J.
Lundqyvist, Swedish University of Agricultural Sciences / Department of
Biomedical Sciences and Veterinary Public Health

Regulatory directives drive the demand for animal testing. Agencies and
stakeholders on the other hand are promoting alternatives and implementing the
concept of 21* century tox. Future guidelines propose the integration of effect-
based tools and bioassays (WFD re-evaluation). Within aquatic toxicology,
coverage of certain MOAs and AOPs is scarce and most applications are based on
mammalian or yeast models, not reflecting realistic exposure scenarios. The use of
transient reporter gene assays in organisms of interest (fish cells) could be a quick
and inexpensive solution. However, interference with cellular homeostasis may
impact the system beyond the function of the manipulated gene and lead to
non-specific results. We describe how varying vector geometry and different
regulatory gene elements on plasmids used for transfection may lead to a large
difference in sensitivity. Zebrafish embryonic fibroblasts (ZF4) and hepatocytes
(ZFL) were seeded on 96-well plates, co-transfected with a Nrf2-responsive
Firefly luciferase reporter plasmid and 8 different combinations of Renilla
luciferase normalization vectors. Transfected cells were exposed to increasing
concentrations of oxidative stress inducer metazachlor. In response, Nrf2-

dependent luciferase induction was recorded via a plate reader. Alternatively,
various endpoints of cellular stress (mitochondrial metabolism, membrane
stability, protein amount, proliferation) were assessed using non-transfected or
transiently transfected cells with constructs of increasing sizes. The results
indicate that plasmid geometry and gene-regulatory units have an effect on the
outcome and potency of the reporter gene assay after co-transfection. Differences
in relative induction are a result of the applied normalization vectors, specifically
their constitutive promotors and backbones. Using the ZF4 cell-line and
co-transfecting with the pRLx series resulted in stronger signals. Of all
combinations tested, the reporter vector pGL4.37 together with the normalization
vector pPRL CMV gave the strongest signal. Viability tests showed that
transfection itself increases cellular stress in a construct-size-dependent matter.
Given that the final signal measured will always be the result of a synergistically
acting black-box, precautionary decisions must be taken in plasmid vector design
to display weak points and overcome intrinsic faults. In the regulatory context,
awareness is important, in order to choose suitable bioassays.

1.03.8

First generation annotation of the rainbow trout RTgutGC cell line
transcriptome

L.M. Langan, Baylor University / Environmental Sciences; L. Hutt, Plymouth
University / Department of Environmental and Marine Sciences; A.N. Jha,
Plymouth University / Biological Sciences

While the RTgutGC cell line has been used in several toxicological studies, there
is limited information on its comparability to its intestinal tissue of origin. The
distal intestine of fish has been used to investigate dietary uptake of numerous
compounds ex vivo via preparatory methods such as the "gut sac", however data
on intestinal composition in terms of proteins or RNA is minimum. Using a
transcriptomic approach (RNAseq), confluent monolayers of RTgutGC were
compared to freshly isolated distal intestine to establish basal levels of RNA
expression in both experimental systems and establish similarities and differences
between. Therefore, the aim of this study is to characterise how comparable this in
vitro model is to its in vivo tissue. Following sequencing, genome alignment and
quality control steps, 18,853 genes were selected for differential expression
analysis with significant overlap observed between the cell line and the tissue
(~95 %). Of the 18,853 genes identified, 8,542 genes were differentially expressed
(3,682 up-regulated and 4860 down-regulated). Validation of a subset of identified
genes (n= 11) via RT-qPCR confirmed RNA-seq results. Gene ontology over-
representation suggests an over-representation of genes involved in catalytic
activity (representing 39 % of genes) in the molecular function group which is
synonymous with enzymatic activity. Of DEG’s, only 304 were identified as
proteins suitable for KEGG analysis with 89 enriched KEGG pathways identified.
The characterisation provides a meaningful contribution to publicly available fish
cell line information and provides a first glimpse into the metabolic nature of this
animal replacement system.

1.03.9

The roles of the fish gill in uptake and clearance of organic environmental
contaminants as revealed by an in vitro gill cell culture epithelium

J. Fitzgerald, Eawag Swiss Federal Institute of Aquatic Science and Technology /
Envrionemtal Toxicology; J.A. Arnot, ARC Arnot Research & Consulting /
Adjunct Professor, Department of Physical & Environmental Science/Department
of Pharmacology and Toxicology; M.R. Embry, Health and Environmental
Sciences Institute (HESI); K. Schirmer, Eawag / Environmental Toxicology; C.
Hogstrand, Kings College London / Department of Nutritional Sciences; N. Bury,
University of Suffolk / School of Engineering, Arts, Science and Technology

As part of chemical hazard and risk assessment, it is necessary to determine the
likelihood of bioaccumulation. As part of this assessment, the bioconcentration
factor (BCF) is a common metric used in environmental assessment of chemicals
and is generally determined from laboratory experiments using fish according to
the OECD TG 305. However, typically these studies use high numbers of fish,
therefore it is impracticable to the test thousands of chemicals produced annually
using this method. Alternative, in vitro methods are currently being developed to
provide information to predict BCFs with a focus on determining in vitro
biotransformation rates. Yet, most studies investigating biotransformation focus
on the liver as the main site of action, despite the gill constituting a major contact
site for chemicals that are largely soluble in water. Therefore, in this study we
used the fish gill cell culture system (FIGCS) to explore the biotransformation of
chemicals at the gill. Five chemicals were exposed to the FIGCS system over a 24
hour period. At each specific time point, chemical extraction occurred from the
apical and basolateral media compartments and the cells, summed up to provide
the total amount of parent compound in the system; as well, the isolated amounts
in the apical or basolateral compartment were evaluated separately, providing the
additional information of permeability. All five chemicals studied crossed the gill
epithelium; and for three of the five tested biotransformation was observed.
Overall, these data demonstrated the use of the FIGCS to assess the
biotransformation and uptake of chemicals across the gill, highlighting the
importance in informing and strengthening conceptual and mathematical models,
which will ultimately result in far fewer animal tests carried out, and allowing a
much more efficient testing of the thousands of chemicals produced annually.
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1.03.10

The use of a fish gill cell culture model to investigate the uptake of acidic and
basic drugs: accurately reporting pH is essential to understand and develop
predictive models of bioaccumulation.

E. Chang, Kings College London; S. Owen, AstraZeneca / Global Sustainability;
C. Hogstrand, Kings College London / Department of Nutritional Sciences; N._
Bury, University of Suffolk / School of Engineering, Arts, Science and
Technology

Water pH is predicted to effect ionisable pharmaceutical uptake and toxicity in
fish. The current study used an in vitro primary fish gill cell culture system
(FIGCS) to assess the effect of pH in the range of 4.5 — 9 on propranolol (pKa
9.42) and ibuprofen (pKa 4.91) uptake rate. At water pHs where either drug is
ionised uptake rate is significantly reduced, but not completely abolished. If drug
uptake rate were solely dependent on passive diffusion of the unionised species
across the epithelium, then the rate would be expected to correlate to the
concentration of the unionised fraction. Ibuprofen did not follow this pattern with
only a minimal change in uptake when the ionised fraction dropped from 92.5 to
28% and a precipitous 94% drop off in uptake rate as the % the ionised fraction
went from 92.5 to 100%. Similarly, propranolol uptake rate rapidly dropped oft by
99% between 72.5% to 99.9% ionisation. Indeed, uptake rate plotted as a function
of the unionised fraction showed saturation uptake kinetics with a K 0f 47.9 nM
and Vimax of 120.3 pmole/(cm™ x h) for ibuprofen and Km 0.27nM and Vimax 0.32
pmole/(cm™ x h) for propranolol, suggesting a facilitated uptake route of drugs
across the gill epithelium. The rapid decline in uptake rate of both the basic drug
propranolol and acidic drug ibuprofen occurred between pH 6 to 8, the range of
pH of most of our freshwaters, as well as the range, pH 6.0 — 8.5, in the guidelines
for a valid OECD 203 Fish, acute toxicity test and OECD 305 Bioaccumulation in
fish: aqueous and dietary exposure test. Our data suggests there is large variation
in uptake rate of drugs associated with only small fluctuations in pH. This
demonstrates the importance of accurately measuring and reporting test media pH
to help regulators to interpret drug accumulation and toxicity studies and implies
that a better understanding of how pH influences drug uptake is required if robust
models to predict drug absorption in fish are to be developed.

1.03.11

Developing in-silico predictions of toxicity

C. losif, P. Antczak, University of Liverpool / Institute of Integrative Biology
Human activities have increased the abundance of variable toxins in the
environment, but not all compounds can be tested, thus in-silico approaches such
as quantitative structure-activity relationship (QSAR) models, have been widely
used to assess this issue. These types of models generally predict with high
accuracy but lack biological understanding. While the structure of the molecules is
responsible for their physical, chemical and biological properties, generalized
QSAR models are difficult to establish due to the large variability of available
chemical structures. To address this issue, we exposed Zebrafish embryos to 158
compounds, including endocrine disruptors, pharmaceuticals and industrial
pollutants, at multiple concentrations. Dose-response curves were generated,
including phenotypic characterizations at multiple concentrations for up to
120hpf. Subsequent exposure at specific concentrations (LC5 and below) were
then used to establish quantitative heartrate measurements as well as
transcriptomics data for up to 5 concentrations. A QSAR model predicting LC50
across all compounds showed a reduced accuracy suggesting the large variation of
structures reduces accuracy. Dragon 7 software is used to generate a list of
molecular descriptors, that provide numerical information about the structure of
the compound. Chemicals were clustered on the basis of their chemical structural
descriptors and molecular response and compared. Robust clusters were identified
and QSAR models developed for each cluster improving overall accuracy. Further
integration of the molecular data in each cluster highlights specific functional
differences between the identified compound sets.

Epigenetic and Evolutionary Effects of Environmental
Stressors on Environmental and Human Health

1.04.1

Transgenerational response to prochloraz in Daphnia magna. A 3-generation
study

R. Poulsen, Aarhus University / Department of Plant and Environmental Sciences;
H.H. De Fine Licht, University of Copenhagen / Department of Plant and
Environmental Sciences; M. Hansen, Aarhus University / Department of
Environmental Science; N. Cedergreen, University of Copenhagen / Plant and
Environmental Sciences

For most chemicals, toxic effects are only investigated for one generation and
possibly as number of offspring. Scientific evidence for transgenerational effects
is however increasing, challenging the dogmas of time perspectives of ecotoxicity.
In this study, we investigated the transgenerational effect of the azole fungicide
prochloraz over three generations of parthenogenically reproducing Daphnia
magna. The study included two scenarios; one where all three generations were
continuously exposed to prochloraz (100 ug/L) and one where only the first

generation (FO) was exposed. We studied effects at different levels of biological
organization combining transcriptomics, metabolomics, general CYP enzyme
activity and key phenotypic effects, such as growth and reproduction. For the
continuously exposed animals, compensatory mechanisms and acclimation was
seen over the three generation with changes in size and number of offspring in FO
and F1, but with no differences from control animals in F2. The metabolome was
also significantly affected in F1, but not in F2. Cytochrome P450 ECOD activity
was strongly inhibited in F1 and F2 but RNA sequencing in F2 showed only few
significant differences when compared to controls. However, aromatase, of which
inhibition is the currently accepted molecular initiating event for adverse
outcomes of prochloraz exposure, was significantly upregulated in F2, indicating a
compensatory response. Contrary to expectations, effects of FO-exposure seemed
to skip a generation, as decreased enzyme activity and significantly increased
number of off-spring was observed in F2, with no such effects present in F1.
Furthermore, RNA sequencing in F2 showed 127 up-regulated genes compared to
the non-exposed control animals. Analysis of gene ontology (GO) terms revealed
that all enriched GO-terms were directly related to the chemical characteristics of
prochloraz i.e. interaction between the azole moiety and heme-iron. Hence, the
study corroborates that this type of interaction with essential proteins, is the
molecular initiating event in an adverse toxic outcome of prochloraz and that the
same mode of action is relevant across generations and beyond exposure.
Upregulation of aromatase both in continuously exposed animals and in the grand-
maternally exposed, furthermore, links the effect in Daphnia to the currently
accepted AOP for prochloraz. The study underlines the importance of timing of
exposure and effect assessment in studies of ecotoxicity.

1.04.2

Deciphering DNA methyltransferase inhibitor mediated transgenerational
effects on Daphnia: high-throughput analyses and Adverse Outcome
Pathway assembly

Y. Song, Norwegian Institute for Water Research (NIVA) / Ecotoxicology and
Risk Assessment; J. Kamstra, Institute for Risk Assessment Sciences Utrecht
University / Institute for Risk Assessment Sciences; M.A. dAuriac, Norwegian
Institute for Water Research (NIVA); J. Asselman, Ghent University / Blue
Growth Research Lab; N. Friberg, Norwegian Institute for Water Research
(NIVA) / Freshwater Ecology

Epigenetic marks can in many cases reflect the life-time exposure history of an
organism to environmental stressors. While the rapid development of the OMICS
techniques allows measurements of genome-wide epigenetic changes, the high
costs for such analyses still limit our ability to fully understand the epigenetic
effects across doses/concentrations, exposure durations and multiple generations
in a population. Targeted high-throughput (HT) epigenetic bioassays are needed to
allow the inclusion of more life stages and exposure conditions to yield
comparative concentration-response data on a temporal scale, and to support
universal mechanistic models such as Adverse Outcome Pathways (AOPs). The
present study has therefore integrated and refined several HT bioassays to
understand the relationships between chemical-mediated DNA methyltransferase
(DNMT) inhibition, promoter and gene body methylation, gene expression and
reproduction, and to develop a novel epigenetic AOP for DNMT inhibitor-
mediated transgenerational effects in aquatic organisms. Adult female Daphnia
magna were exposed to 0-80 pM of 5-azacytidine for 7 days and recovered in
clean media for another 7 days. F1-F3 offspring were sub-cultured in clean media
to investigate potential transgenerational effects. A suite of HT bioassays were
employed, such as the total DNMT activity assay, methylation-sensitive high-
resolution melt analysis (MS-HRM), and qPCR. The test genes are well-known
biomarker genes or key regulators involved in major biological pathways.
Cumulative fecundity was recorderd for each generation. After 7-day exposure,
the total DNMT activity in FO decreased in a concentration-dependent manner,
with 80 pM 5-azacytidine caused significant reduction in DNMT acitvity. The
majority of the test genes showed reduced promoter methylation and increased
transcription in FO after 7-day exposure, whereas increased promoter methylation
and down-regulation in FO after recovery. In F3, most of the genes displayed
increased promoter methylation. The cumulative fecundity decreased in a
concentration-dependent manner in FQ after exposure and recovery, and in the
succesive generations. On the basis of the results, a conceptual AOP on DNMT
inhibition leading to oocyte apoptosis associated population decline was proposed.
The present study has developed a novel analytical pipeline for targeted HT
analyses of epigenetic effects, and has unravelled the relationships between
DNMT inhibition, DNA promoter methylation, gene body methylation, gene
expression and transgenerational reproduction in D. magna exposed to 5-
azacytidine. The world’s first epigenetic AOP was proposed for chemical-
mediated transgenerational population effects in aquatic organisms.
Acknowledgement - This project was funded by the NIVA institutional funding
scheme “Strategic Institutional Initiatives programme (SIS) for Restoration
Ecology”, and was supported by the NIVA Computational Toxicology Program
(NCTP, www.niva.no/nctp).

1.04.3
Inhibition of Methyltransferase Activity of Enhancer of Zeste 2 Leads to
Enhanced Lipid Accumulation and Altered Chromatin Status in Zebrafish
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M. Den Broeder, Utrecht University / Institute for Risk Assessment Sciences; J.
Ballangby, Norwegian University of Life Sciences / Dept. for Basic Science and
Aquatic Medicine (BasAm); L. Kamminga, Wageningen University / WUR
Library; P. Alestrom, Norwegian University of Life Sciences / Dept. for Basic
Science and Aquatic Medicine (BasAm); J. Legler, Utrecht University / Institute
for Risk Assessment Sciences; L.C. Lindeman, Norwegian University of Life
Sciences (NMBU) / Centre for Environmental Radioactivity (CERAD); J._
Kamstra, Institute for Risk Assessment Sciences Utrecht University / Institute for
Risk Assessment Sciences

Early life exposure of environmental chemicals are associated with late onset of
metabolic diseases, possibly via changes to epigenetic marks. These changes alter
transcription of genes leading to an imbalance in lipid homeostasis that might
eventually cause obesity, type II diabetes or fatty livers. Epigenetic changes might
be mediated by enzymes involved in epigenetic mechanisms such as Enhancer of
Zeste 2 (Ezh2), a histone H3K27 methyltransferase that has been implicated to
play arole in lipid metabolism and adipogenesis. Here, we investigated the role of
Ezh2 on lipid metabolism via altered chromatin status following developmental
exposure to a specific Ezh1/2 inhibitor, PF-06726304 acetate, in zebrafish.
Tributyltin (TBT) was used as a positive control, as this chemical is known to act
on lipid metabolism via EZH-mediated pathways in mammals. Exposure to non-
toxic concentrations of PF-06726304 acetate (5 pM) and TBT (1nM) showed
increases in lipid accumulation. We used the assay for transposase accessible
chromatin sequencing (ATAC-seq) on PF-06726304 acetate exposed embryos
(from 0.5 to 5.5 hpf (50 % epiboly)) and observed 349 altered chromatin regions.
These regions were predominantly located at H3K27me3 loci, and showed more
accessible chromatin in PF-06726304 acetate exposed samples. GO term analysis
revealed that genes associated to these loci were linked to metabolic pathways.
Additionally, gene expression analysis of ATAC positive loci and a selection of
genes involved in lipid homeostasis and adipogenesis were differentially
expressed after both TBT and PF-06726304 acetate exposure at 5 dpf, but not at
50 % epiboly stage. An in depth analysis of the differentially expressed gene
cebpa showed a strong decrease in underlying H3K27me3 marks at 50 % epiboly
following chromatin immunoprecipitation analysis, although it did not show a
change in chromatin accessibility. Our results indicate that Ezh2 inhibition leads
to increased lipid metabolism via an altered chromatin state and that TBT shows a
gene expression profile which resembles that of the Ezh2 inhibitor. This first time
assessment of chromatin status in a toxicological setting provides valuable
information about epigenetic mechanisms involved in metabolic disorders.
However, our in depth assessment of the cebpa locus does indicate that other
epigenetic marks might be important to study as well.

1.04.4

Transcriptomic effects of chemical and temperature stress in amphipods
from Lake Baikal in Siberia

T. Luckenbach, Helmholtz Centre for Environmental Research UFZ /
Bioanalytical Ecotoxicology; P. Drozdova, D. Bedulina, D. Axenov-Gribanov, A.
Gurkov, Z. Shatilina, K. Vereshchagina, Y. Lubyaga, E. Madyarova, Irkutsk State
University; L. Rivarola-Duarte, Universitit Leipzig; S. Schreiber, UFZ -
Helmholtz Centre for Environmental Research; C. Otto, ecSeq Bioinformatics
GmbH; F. Jiihling, Université de Strasbourg; W. Busch, Helmholtz Centre for
Environmental Research GmbH - UFZ / Department Bioanalytical Ecotoxicology;
S. Aulhorn, Helmholtz Centre for Environmental Research UFZ / Department
Bioanalytical Ecotoxicology; L. Jakob, M. Lucassen, F. Sartoris, Alfred Wegener
Institute Helmholtz Centre for Polar and Marine Research; J. Hackermiiller,
Helmbholtz centre for environmental research - UFZ; S. Hoffmann, Universitit
Leipzig; H. Portner, Alfred Wegener Institute Helmholtz Centre for Polar and
Marine Research; M. Timofeyev, Irkutsk State University; P. Stadler, Universitét
Leipzig

Lake Baikal in Eastern Siberia, a UNESCO World Heritage Site, is the largest and
oldest freshwater lake in the world. It is a global biodiversity hotspot with a high
degree of endemicity. The amphipods of Baikal are a particularly species-rich
taxon. The permanently cold (6°C mean) and superoligotrophic water is generally
highly pristine. Anthropogenic pollution is currently increasing from growing
tourism and the related increase in wastewater influx and from increasing
contamination of Baikal's main tributary, the Selenga River, with heavy metals. A
rise in water temperature due to global change may challenge Baikal biota further.
We addressed the question how chemical and thermal stress may affect Baikal
amphipods in comparison to a non-Baikal species. Upon exposure to chemical
(cadmium, phenanthrene) and temperature (LT10) stress the transcriptomic
responses were examined using Illumina NGS sequencing. The reads could be
assembled to 30 — 40 k contigs, from which about 10% could be identified as
amphipod sequences. In stressor exposed amphipods transcripts of cell function
related gene ontology (GO) terms were less and those of stress response related
GO terms were more represented. Our results reveal a pronounced response of
Lake Baikal endemic amphipods to stress indicating that those species have the
cellular capacity to mitigate stress impact.

1.04.5
Poster spotlight: Resurrected Daphnia as a model organism to assess
evolution of natural populations to environmental stressors

S.E. Crawford, Goethe University Frankurt / Department of Evolutionary Ecology
and Environmental Toxicology

1.04.6

Poster spotlight: Multigenerational exposures of Daphnia magna to pristine
and aged silver nanoparticles: epigenetic changes and phenotypical ageing
related effects

L.A. Ellis, The University of Birmingham / GEES

1.04.7

Poster spotlight: Applying DNA Methylation as a Biomarker to Assess Latent
Effects of Acute Exposure of Benzene in Simulated Chemical Accident Using
Zebrafish Model

G. Lee, Seoul National University of Science and Technology / Dept. of
environmental engineering

1.04.8

Deciphering the molecular mechanisms of pesticide tolerance of the soil
engineer biodiversity

A. Barranger, University of Rennes 1 / UMR CNRS 6553 ECOBIO; C. Klopp,
INRA / Genotoul, Bioinformatics Platform, MIAT; B. Le Bot, Univ Rennes,
Inserm, EHESP, Irset (Institut de recherche en santé, environnement et travail) -
UMR_S 1085, F-35000 Rennes / LERES; G. Saramito, Univ Rennes, Inserm,
EHESP, Irset (Institut de recherche en santé, environnement et travail) - UMR_S
1085, F-35000 Rennes, France; R. Lavigne, UMR Inserm 1085, IRSET, Protim,
Proteomics Core Facility, University of Rennes 1, Rennes , France.; S. Llopis,
University of Rennes 1 / UMR CNRS 6553 ECOBIO; E. Com, UMR Inserm
1085, IRSET, Protim, Proteomics Core Facility, University of Rennes 1, Rennes ,
France.; F. Binet, University of Rennes 1 / UMR CNRS 6553 ECOBIO
Environmental diffuse pollution by agrochemicals has become a major soil threat.
In cultivated fields, non-target organisms, such as earthworms are frequently
exposed to different pesticide applications. Although soil engineer biodiversity
declines in agro-ecosystems, certain endogeic species are still abundant and persist
in intensively cultivated fields, suggesting they become tolerant to long-term
anthropogenic pressure. We thus raised a first work hypothesis that populations of
A. caliginosa earthworms derived from conventional managed field developed a
tolerance to pesticides compared to those from organic managed field. If 4.
caliginosa species is tolerant, another correlative question is to decipher whether
worm tolerance is based on physiological acclimation or whether it involves
genetic adaptation, which can be inherited across generations. A multigenerational
evolutionary toxicology experiment (FO, F1 and F2) to obtain 3 generations of
earthworms and a non-targeted strategy combining transcriptomics and
proteomics are both proposed to resolve the issue. 4. caliginosa populations used
in this study originated from two agricultural fields (conventionally field
compared to organic field). Adult worms have been cultured in chemical-free soil
in the laboratory and experimentaly exposed to a model fungicide (epoxiconazole
for 28 days). The soil epoxiconazole concentration at the beginning of the
exposure experiment was shown to be 193.3 and 194.6 ng/g for the naive and pre-
exposed populations, respectively. After 7 days of exposure, a decrease in soil
epoxiconazole concentration is observed for the naive (3%) and pre-exposed
(18%) populations. Epoxiconazole concentration in earthworm tissues of naive
and pre-exposed is respectively 3.8 and 2.9 times higher, compared to the soil
epoxiconazole concentration. Transcriptomics and proteomics analyses have been
done and data analysis are in progress. Our expectations are to create de novo a
protein database involved in pesticide response of soil engineer and identify the
genes and proteins network responsible for tolerance in 4. caliginosa species. We
also intend to provide evidence of ongoing acclimation/adaptation of soil fauna to
chronic organic pollution by pesticides through multigenerational studies. This
study will improve our understanding of the long-term impact of chronic exposure
of soil engineers to low-dose multi-pollutants and assess the costs associated with
this tolerance for populations.

1.04.9

Contaminants contributing to oxidatively induced DNA damage of exposed
Dreissenid mussels in Detroit River

P. Jaruga, National Institute of Standards and Technology / Biomolecular
Measurement Division; K. Kimbrough, NOAA; A.P. Jacob, CSS Inc./NOAA /
National Centers for Coastal Ocean Science; W.E. Johnson,
NOAA/NCCOS/SDI/MAB / NOS

The National Oceanic and Atmospheric Administration (NOAA), National Ocean
Service (NOS), Mussel Watch Program (MWP) uses dreissenid mussels to
monitor chemical contamination in the Laurentian Great Lakes basin. For
assessment of biological consequences of an exposition to the legacy and
contaminants of emerging concern (CECs) present in water and mussels’ tissues
we applied gas chromatography-tandem mass spectrometry (GC-MS/MS) with
isotope dilution methodology developed at National Institute of Standards and
Technology (NIST) to quantitate biomarkers of oxidatively induced damage in

7 SETAC Europe 30th Annual Meeting Abstract Book



mussels’ DNA isolateed from animals collected from several sites of Detroit
River. We found significant differences in the concentrations of these potentially
mutagenic and/or lethal lesions in the DNA of mussels from the sites exposed to
industry/agriculture/communal waste water derived pollutants as compared to the
animals collected at relatively clean sites.

1.04.10

Genetics and genomics of resistance of salmon lice to deltamethrin and
emamectin benzoate

A. Sturm, G. Carmona-Antonanzas, D. Guidi, M. Bekaert, J. Bron, University of
Stirling / Institute of Aquaculture

Infestations of farmed salmon by parasitic caligid sea lice (Copepoda: Crustacea)
constitute a major health challenges for commercial salmon production. The
salmon louse Lepeophtheirus salmonis is the main caligid species infecting
farmed and wild salmonids in the northern hemisphere. Continued use of a
restricted range of drugs has led to the evolution of resistance against most
available licensed anti-sea louse treatments in populations of the caligid
Lepeophtheirus salmonis (salmon louse) in the North Atlantic. In order to provide
insights into the genetic basis of resistance to the anti-sea louse agents
deltamethrin and emamectin benzoate, F2 mapping crosses were performed
between drug-susceptible and multidrug resistant L. salmonis . In the obtained
families, deltamethrin resistance was mainly inherited maternally, with all
parasites derived from crosses of resistant dams and susceptible sires being highly
resistant, whereas few lice from crosses from the inverse orientation were
resistant. Analysis of the mitochondrial genome (mtDNA) in parasites from the
cross, as well as field isolates from different regions of Scotland, revealed that all
deltamethrin resistant salmon lice had virtually identical sequences, contrasting
diverse mtDNA sequences in susceptible parasites. In contrast, the distribution of
emamectin resistance was more complex, with F2 generations comprising lice of
different degrees of susceptibility ranging from highly susceptible to highly
resistant. Selected families from the cross were subjected to ddRAD-seq. Single
nucleotide polymorphism (SNP) markers were identified and a genetic map of 15
linkage groups prepared. Quantitative trait loci (QTL) analysis revealed that
emamectin benzoate resistance was affected by two regions of the same linkage
group, suggesting a multigenic mechanism. Pool-seq analyses were performed for
eight farm populations of L. salmonis of sites differing in the type of sea lice
management measures applied. Preliminary results indicate the presence of
selective sweeps related to the use of salmon delousing agents. Ongoing analyses
are assessing the relationship of these selective sweeps to the above QTL regions
associated to emamectin resistance, and to target site mutations in an acetylcholine
esterase and a sodium channel subunit described in earlier studies. The results
suggest that the use of veterinary drugs for L. salmonis control at salmon farming
sites has led to positive selection that has caused the expansion of specific
mitochondrial haplotypes and resulted in selective sweeps surrounding putative
resistance loci in the nuclear genome.

1.04.11

Poster spotlight: Zebrafish differential sensitivity to environmental stressors
during early development and implications for subsequent exposures

P. Robinson, University of Exeter

1.04.12

Poster spotlight: Identification of Differentially Methylated Regions in
zebrafish eleutheroembryos exposed to TBT

L. Navarro-Martin, Institute of Environmental Assessment and Water Research /
Environmental Chemistry

Fish Model Species in Human and Environmental Toxicology

1.05.1

Long-term and transgenerational neurobehavioral effects of the insecticide
permethrin in zebrafish.

M. Blanc, Orebro Universitet / MTM Research centre; X. COUSIN, IFREMER /
GABI/MARBEC; J. Riiegg, Uppsala University / Department of Organismal
Biology; N. Scherbak, Orebro University / Life Science Centre; S. Keiter, Orebro
University / MTM Research centre

Permethrin is a pyrethroid insecticide and used for medication to treat scabies and
lice. Human exposure to pyrethroids has been associated with Parkinson’s disease
onset and generally with cognitive defects. In addition, permethrin was shown to
alter epigenetic patterns over several generations in rats. In the present work, we
wanted to investigate if early-life exposure of zebrafish to permethrin (PERM)
induces epigenetic disruption that contributes to the transfer of neurobehavioral
impairments through generations. Zebrafish were exposed during 28 days to 10
ng/l pf PERM (FO generation). At 28 days post-fertilization, FO fish were
transferred to clean water. F1/F2 generation was obtained by pair-cross spawning
of adult FO/F1 and grown in clean standard conditions. General activity and
anxiety behavior of larvae (photomotor response) and adults (novel tank) were
monitored in FO, F1 and F2 generations. In addition, we performed transcriptomic

analyses of the adult fish brains using RNA-sequencing. We observed hypoactive
behavior in F1 and F2 larvae but not in FO. However, FO adult fish displayed
strong hypoactive behavior as well. In F1 and F2 generation, adult fish showed a
strongly reduced anxiety response in the novel tank diving test. On the other hand,
brain transcriptome analyses revealed increasing changes in PERM FO to F2
generations when compared to controls. Especially, epigenetic mechanisms and
neural differentiation pathways were enriched in all generations. Besides, key-
genes related to circadian rhythm were differentially regulated from FO to F2
generations, with strong regulation of the circadian clock pathway observed in F1
and F2.Reduction in larval activity along with circadian rhythm modulation was
previously observed after exposure to flutolanil. In addition, circadian rhythm
modulates dopamine and activity levels. Studies previously reported the impact of
PERM on dopaminergic system modulation and our results show a significant
regulation of the dopamine pathway in F2. Therefore, we propose a connection
between epigenetic mechanisms, circadian rhythm and locomotor activity,
possibly via the modulation of the dopaminergic system and synaptic activity.
However, further studies are required to investigate underlying mechanisms.
Particularly, the role of epigenetic changes in the observed effects is under
investigation with identification of differentially methylated regions in brain using
bisulfite sequencing.

1.05.2

Neurotoxicity profiling of organophosphate pesticides at different biological
levels using zebrafish embryos

A. Haigis, Institute for Environmental Research, RWTH Aachen / Department of
Ecosystem Analysis ESA; A. Schiwy, Goethe University Frankurt / Institue for
Ecology, Evolution and Diversity; P. Leonards, Vrije Universiteit Amsterdam /
Environment & Health; J. Legradi, Vrije Universiteit Amsterdam; H. Hollert,
Goethe University Frankfurt / Department of Evolutionary Ecology and
Environmental Toxicology

Neurological disorders are challenging for the affected people and their families
and cost governments billions of dollars, as there is no cure available. It has been
assumed that exposure to neurotoxic substances especially during neurogenesis
may cause brain damages, resulting in such disorders. Omnipresent pesticides,
such as organophosphate (OP) pesticides, have long been suspected to increase the
risk to suffer from neurological disorders like e.g. the Attention-Deficit
Hyperactivity Disorder (ADHD). But a causal relationship between OP exposure
and neuronal disorders has not been established yet. To do so it is necessary to
identify all molecular mechanisms by which OPs act and to understand the impact
on different levels of organisation within an organism. So far most research
focuses on the predicted mode of action, the Acetylcholinesterase (AChE)
inhibition. But recently it has been suggested that AChE inhibition alone might
not be an appropriate biomarker to detect (developmental-) neurotoxicity of OPs,
since different OPs can cause differing effects. Within this work we aim to
establish a neurotoxicity profile for a set of commonly used OP’s by investigating
different biological levels using zebrafish embryos (Danio rerio). Therefore,
zebrafish embryos were exposed to different concentrations of OP’s. To identify
the OP’s impact on different biological levels, behavioural, enzymatic,
transcriptomic and metabolomic changes were analysed. Most OP’s did reduce
ACHE levels and alter behaviour. But we could also identify changes not directly
linked to those effects suggesting that other mechanisms also play a role in OP
neurotoxicity.

1.05.3

Behavioral responses and cell type-specific transcriptomic and proteomic
profiling of zebrafish embryos (D. rerio) exposed to copper nanoparticles

M. Burkard, Eawag Aquatic Water Science / Southern Ocean Persistent Organoic
Pollution Program; M.D. El Ayoubi, Eawag Aquatic Water Science / UTOX,
Environmental Toxicology; R. Li, Philip Morris International / Environmental
Toxicology; C.M. vom Berg, Eawag Swiss Federal Institute of Aquatic Science
and Technology / Environmental Toxicology; K. Schirmer, Eawag /
Environmental Toxicology

Metal oxide nanoparticles such as copper-based engineered nanomaterials
(ENMs) are used in a wide range of commercial products and applications.
Herein, we investigated the impact of newly synthesized CuO-ENMs by assessing
different behavioral responses of zebrafish (Danio rerio) larvae (ZFL) and the
underlying mechanisms, in particular the impact of CuO-ENMs on hair cells,
which are the mechanical receptors and sensory cells of the lateral line. ZFL were
short-term exposed (4 hours) starting at 96 hours post fertilization (hpf) to non-
toxic concentrations of CuO-ENMs. Upon exposure, neither locomotion
(swimming distance) nor the startle response (escape reaction upon vibration
stimulus) were affected. However, CuO-ENMs impacted parameters indicating
rheotactic behavior (counter flow swimming) of ZFL. These finding led us to
further investigate the impact on hair cells and the underlying mechanisms we
hypothesize to be the main target of the CuO-ENMs. Thus, the hair cells of ZFL
were stained with a cell-type specific fluorescent dye (DASPEI), and the labeled
cells were collected using fluorescence activated cell sorting (FACS).
Transcriptomics (SMART-Seq v4 and TruSeq mRNA) and proteomics (HRM ID
and mass spectroscopy) is performed with both tissue from whole embryos and
FACS-sorted hair cells. OMICs data analysis is supported by using a computable
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network model of neuromast toxicity. The combination of hair cell-specific
OMICs and development of a neuromast network model will reveal new insights
of the molecular pathways and underlying mechanisms.

1.05.4

Exposure to Thirdhand Smoke induces developmental and metabolic changes
in zebrafish embryos

C. Merino Ruiz, Universitat Rovira i Virgili / Department of Electrical Electronic
Engineering and Automation (DEEEA); M. Cordero-Maldonado, University of
Luxembourg / Aquatic Platform, Luxembourg Centre for Systems Biomedicine
(LCSB); E. Schymanski, University of Luxembourg / Luxembourg Centre for
Systems Biomedicine (LCSB); X. Correig, Universitat Rovira i Virgili /
Metabolomics Interdisciplinary Lab (MIL@b) - DEEEA; M. Vinaixa, University
Rovira i Virgili / Metabolomics Interdisciplinary Lab; N. Ramirez, Universitat
Rovira i Virgili / Metabolomics Interdisciplinary Lab (MIL@b) - DEEEA
Tobacco smoke is a ubiquitous outdoor and indoor environmental pollutant that
has been overlooked to date by the environmental and health policies. Most of the
smoke gases and particles deposit and remain for long periods of time in fabrics,
surfaces and dust forming the so-called thirdhand smoke (THS), a less studied
source of tobacco exposure that especially affects children living with smokers.
THS components can react with oxidants and other atmospheric compounds to
yield secondary contaminants, some of them with increased toxicity. This is the
case of nicotine, which reacts to form tobacco-specific nitrosamines (TSNAs), a
leading class of highly carcinogenic compounds in tobacco products. House dust
is an important route of toxicant exposure, especially for children under 5-years-
old, who spend most of their time indoors and are estimated to ingest about 100
mg of indoor dust per day. Despite the evidence of THS toxicity and health effects
observed in exposed cells and murine models to date, the effects of THS toxicants
in early development are not fully characterised. To accomplish this aim, we
exposed wildtype zebrafish embryos from 6 hours post fertilization (hpf) and 24
hpf, till 120 hpf, to THS toxicants at concentrations mimicking children exposure
in smokers’ and non-smokers” homes. Further, f/i/:EGFP zebrafish embryos were
also exposed for the study of blood vessel development. The alterations caused by
these exposures were evaluated by developmental observation combined with
untargeted metabolomics and lipidomics analysis. The exposure to the highest
concentration of THS toxicants resulted in total lethality. Embryos exposed to the
next highest concentration presented malformations and more than 50% lethality.
No differences were observed at the lowest concentrations in comparison with the
control group. The exposure of f7i/:EGFP zebrafish embryos did not show
significant differences in the development of blood vessels. Comparable results
were found between 6 hpf and 24 hpf starting points. Metabolomic analysis
showed upregulation of exposure metabolites and alterations in different
endogenous metabolites. Dysregulations in the lipid pattern were also observed in
THS exposed embryos. These results demonstrate that the exposure to THS
affects early development, generating phenotypic and metabolic alterations. In
order to validate these results, future work will focus on the effects of the
exposure to THS extract samples.

1.05.5

Seasonal variation of health biomarkers in perch from the Baltic Sea-
Connection to naturally produced brominated compounds?

J. Gustafsson, Stockholm University / Department of Environmental Science and
Analytical Chemistry; L. Forlin, J. Parkkonen, University of Gothenburg /
Department of Biological and Environmental Sciences; H. Dahlgren, Stockholm
University / Department of Environmental Science and Analytical Chemistry; J.
Legradi, Vrije Universiteit Amsterdam; M. Lamoree, VU University, Department
Environment & Health / Department of Environment & Health; P.E. Leonards,
Vrije Universiteit Amsterdam / Environment & Health; L. Asplund, Stockholm
University / Department of Environmental Science and Analytical Chemistry
The Baltic Sea wildlife shows signs of declining health, including population
declines and negative trends for some health biomarkers. One of the species
affected is the perch and the causes are currently poorly understood. The Baltic
Sea suffers from eutrophication which has favoured the growth of cyanobacteria
and filamentous algae such as the red algae Ceramium tenuicorne. During the
summer these filamentous algae produce halogenated compounds, for example
hydroxylated polybrominated diphenyl ethers (OH-PBDEs). In toxicity testing
using zebrafish embryos with developmental delay as the measured endpoint, the
OH-PBDEs, and especially 6-OH-BDE47 and 6-OH-BDESS5, were shown to be
potent toxins. The OH-PBDEs disrupt the energy production in the cell by
interfering with the oxidative phosphorylation (OXPHOS). When comparing the
levels found in Baltic Sea biota to the lowest observed effect concentrations
(LOECs) from the zebrafish embryo assay, they are of the same magnitude. Thus,
it is important to further investigate if the OH-PBDEs are causing negative health
effects of wildlife in the Baltic Sea. In the present study, seasonal variation of
health biomarkers and potential correlations to the OH-PBDE exposure were
investigated. Perch was sampled at Namdo (59°11°N, 18°42°E), a remote site far
from point sources in the Stockholm archipelago, Sweden. Sampling was
conducted once a week from May until October, with a total of 18 occasions.
Several health biomarkers such as ethoxyresorufin-O-deethylase (EROD) activity,
glutathione reductase activity, glutathione S-transferase activity, catalase activity,

glucose and lactate were measured in the fish as well as the concentrations of OH-
PBDE:s. There is an exposure peak of OH-PBDE:s for the perch in the middle of
the summer and at the highest exposure time point the concentrations are
approximately ten times higher than in the spring and autumn. The highest
measured individual concentration was 14 ng/g fresh weight. The glucose levels
are at a constant high level throughout the whole sampling period at twice the
concentrations measured in the yearly environmental monitoring program. There
are large variations in the EROD activity but the activity seems to be higher in the
spring compared to the middle of the summer. Neither the glucose level nor the
EROD activity show any obvious connection with the concentration of OH-
PBDEs.

1.05.6

Assessment of water quality through an active biomonitoring approach using
three-spined stickleback (Gasterosteus aculeatus)

A. Catteau, INERIS; A. Bado-Nilles, Institut National de I’Environnement
Industriel et des Risques (INERIS); R. Beaudouin, INERIS / Models for
Ecotoxicology and Toxicology METO; C. Tebby, INERIS / METO; S.
JOACHIM, INERIS-UMR SEBIO / SEBIO UMR-I 02; O. Palluel, INERIS /
SEBIO UMR-I 02; C. Turi¢s, INERIS; N. Chrétien, INERIS / SEBIO UMR-I 02;
A. Geffard, Université de Reims Champagne Ardenne / UMR-I 02 Environmental
Stresses and Biomonitoring of Aquatic Ecosystems (SEBIO); J. Porcher, INERIS /
UMR-I 02 SEBIO (Environmental Stresses and Biomonitoring of Aquatic
Ecosystems

The Interreg DIADeM program (development of an integrated approach for the
DIAgnosis of the water quality of the river Meuse) was created in order to develop
new tools to evaluate the quality of water bodies in the Meuse waterway across
the French-Belgian border. The project aimed to bring together the various cross-
border stakeholders concerned with the protection of aquatic environments
(academics, operators, users) while informing citizens of the risks caused by the
degradation of water bodies. The use and the relevance of the multibiomarker
approach in different model species (fish, crustacean, mussel) to assess the water
quality was an important part of the program. Among the different model species
used, the three-spined stickleback has gained interest for biomonitoring for several
years, due to its ubiquity and its tolerance to pollution. For many years, a new
active strategy based on the importation of caged sticklebacks in a study site have
been developed. Within the scope of the DIADeM program, the caging strategy
was used with stickleback as model species to discriminate some sites in a large
scale on the Meuse basin. In that way, sticklebacks were caged for 21 days
upstream and downstream the wastewater treatment plants (WWTPs) of Namur
(Belgiun), Charleville-Mézi¢re (France), Bouillon (Belgium) and Avesnes-sur-
Helpe (France). A battery of biomarkers was assessed to represent different
physiological functions, such as innate immunity (leucocyte mortality and
distribution, phagocytosis activity, respiratory burst, antioxidant system (GPx,
CAT, SOD and GSH content) and oxidative damages (TBARS),
biotransformation enzymes (EROD, GST), synaptic transmission (AChE) and
reproduction system (spiggin and vitellogenin concentration). Physiological
responses were compared between each site but also with biomarkers levels
measured in sticklebacks under control conditions. Study highlighted a decrease of
innate immune system downstream the WWTPs, especially through an increase of
leucocyte mortality and a decrease in phagocytosis activity. A slight induction of
EROD activity was also noticed downstream the WWTP of Bouillon and Namur.
Moreover, the use of active biomonitoring clearly discriminated the different
study sites from the reference but also amongst themselves, demonstrating the
efficiency of used tools to assess the quality of water and characterize types of
physiological impacts on fish.

1.05.7

Exploring the use of zebrafish embryo models as alternatives to rodent
testing for investigating inflammatory responses to nanomaterials (NMs)

S. Gillies, R. Verdon, T. Henry, V. Stone, H.J. Johnston, Heriot Watt University /
Nano Safety Research Group

Nanomaterials (NMs), defined as particles or materials with at least one
dimension measuring 100nm or less, exhibit unique physicochemical properties
making them highly attractive for use in a variety of consumer products, with the
nanotechnology market set to be worth $125 billion (USD) by 2024. There are
uncertainties regarding the potential adverse impacts of engineered NMs on
human health. The safety of engineered NMs must therefore be assessed to ensure
the responsible exploitation of nanotechnology, thus NMs must undergo thorough
toxicity testing to ensure their safe use. Assessment of NM safety currently relies
on the use of rodents, which is associated with disadvantages such as expense and
ethical implications. There is an urgent need to better align nanotoxicology with
the principles of the 3Rs: the replacement, reduction, and refinement of the use of
animals in research. Few studies have used zebrafish (Danio rerio) larvae as a
model for studying the impacts of NMs on human health. Therefore, we propose
that the use of this model is increased, as an alternative to rodents. In rodent
studies, neutrophil accumulation (e.g. in the lung) is commonly used as a marker
of NM toxicity. Therefore, in the zebrafish, we have exploited transgenic larvae
with fluorescently-labelled neutrophils (Tg mpx:EGFP) to assess inflammatory
responses to NMs. This model has been used to investigate the dynamics of

9 SETAC Europe 30th Annual Meeting Abstract Book



inflammatory responses to injury and pathogen exposure previously. We have
assessed neutrophil accumulation following aqueous exposure to NMs post-injury
(transection of tail), and following microinjection of NMs directly into specific
target sites, such as the otic vesicle. Preliminary data from the tail transection
study shows that post-injury exposure to NMs enhances and prolongs the
neutrophil response in the larvae, with greater numbers of neutrophils being
present in the wound area for longer than in injured larvae with no exposure to
NMs. The methods employed in our study will feed into the development of a
tiered testing strategy for NM safety assessment that promotes the more
widespread adoption of non-rodent, alternative models to make nanotoxicology
testing more ethical, physiologically relevant, and cost and time efficient.

1.05.8

Distribution of chemicals between the yolk sac and the embryonic body in the
zebrafish embryos

K. Halbach, Helmholtz centre for environmental research - UFZ / Analytical
Chemistry; N. Ulrich, K. Goss, Helmholtz centre for environmental research -
UFZ / Analytical Environmental Chemistry; B. Seiwert, Helmholtz centre for
environmental research - UFZ / Analytical Chemistry; S. Wagner, Helmholtz
Centre for Environmental Research GmbH - UFZ / Analytical Chemistry; S.
Scholz, Helmholtz Centre for Environmental Research / Bioanalytical
Ecotoxicology; T. Luckenbach, Helmholtz Centre for Environmental Research
UFZ / Bioanalytical Ecotoxicology; C. Bauer, Helmholtz centre for environmental
research - UFZ / Analytical Chemistry; N. Schweiger, Helmholtz centre for
environmental research - UFZ / Bioanalytical Ecotoxicology; T. Reemtsma,
Helmholtz centre for environmental research - UFZ / Analytical Chemistry

The zebrafish embryo is an important model in toxicological studies. The yolk sac
of the embryos is a major body part during embryonic development. Its
proportions decreases from 80 % to 50% of the whole dry weight (body+yolk)
between 24 and 72 hours post fertilization (hpf) as the body grows and consumes
the yolk. As the targets for toxic effects of chemicals are in the embryonic body
rather than in the yolk, it is important to know whether or not chemicals are
evenly distributed between the body and the yolk. If determined at all, internal
concentrations are usually analyzed from the whole embryo rather than from the
body alone; this approach would overestimate the internal concentration, provided
that test chemicals have a higher affinity to the yolk. In this study seven chemical
compounds with different physicochemical properties (neutral: 4-iodophenol,
diuron, carbamazepine, 1,2,4-tribromobenzene, 2-ethylpyridine; ionic:
bromoxynil, paroxetine) are explored for their uptake into zebrafish embryos and
their distribution between yolk and embryonic body over 96 hours of exposure.
The distribution was analyzed by LC-MS after mechanical removal of the yolk.
The amount in the yolk was then calculated by subtraction. 95% of the total
internal amount was found in the yolk for the exposure with 4-iodophenol at 26
hpf and this decreased to 80% at 74 hpf (67% at 26 hpf to 33% at 74 hpf for
bromoxynil). This decrease was attributed to the decrease in dry weight of the
yolk. Thus, in early life stages (up to 74 hpf) of zebrafish embryo, the amount of a
chemical in the embryonic body is much lower than what is found in the whole
body. Also concentrations in the yolk were higher compared to the embryonic
body for all compounds, suggesting compositional differences. Furthermore, it
was investigated whether the absorbed amount in the yolk can be predicted.
Equilibrium concentrations for the yolk were measured by a dialysis experiment.
However, the observed steady-state concentration and equilibrium concentration
differed within one log unit for three out of the five neutral compounds possibly
due to aging of the yolk in the dialysis experiment. Our findings show that there is
a substantial amount absorbed by the yolk and that the distribution of absolute
amounts is mainly influenced by the developmental stage.

1.05.9

Multilevel effects of intergenerational exposure to glyphosate and glyphosate
based herbicides on rainbow trout (Oncorhynchus myKiss).

J. Le Du, F. Saliou, J. Cabon, L. Louboutin, ANSES / Finistére; S.L. Weeks
Santos, EPOC University of Bordeaux; J. Cachot, University of Bordeaux /
EPOC; D. Dory, ANSES / Cotes-d'Armor; T. Morin, M. Danion, ANSES /
Finistere

Introduction: Glyphosate, one of the most common active substance (AS) found in
herbicide products used to increase agriculture productivity, is highly prevalent in
continental waters and oceans worldwide. If opinions published by the European
Food Safety Authority suggest that this AS has a limited impact on aquatic
organisms, several studies reported deleterious effects after a glyphosate or
Glyphosate Based Herbicides (GBHs) exposure and raise the issue of the toxicity
of adjuvants formulated in these GBHs. Methodology and results: Our objective
was to investigate the potential multilevel effect of an intergenerational chronic
exposure to glyphosate on rainbow trout (RT), Oncorhynchus mykiss, comparing
the toxicity of the AS alone and of two commercial GBHs. Forty-eight genitors
were daily exposed to an environmental concentration of glyphosate (1 pg.L-1)
over one year and a first generation of offspring was produced. Several parameters
of this offspring were analyzed to reveal potential impacts at different levels of
biological organization (behavior, response to viral infection, immune parameter,
metabolic pathways,...). At the individual scale, swimming behavior and capacity
to survive to an experimental infection with infectious haematopoietic necrosis
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virus (IHNV) were altered in offspring issued from genitors chronically exposed
to glyphosate. Induction of disturbance of the energetic metabolism by glyphosate
and adjuvants was strongly suggested through the observation of modifications of
both aerobic and anaerobic pathways. Finally, modulations in the activities of
enzymes like acetylcholine esterase, anhydrase carbonic and those involved in the
anti-oxidative defense in offspring of genitors exposed to glyphosate could
explain cellular effects responsible for the physiological perturbations observed in
vivo. Conclusions: Our complex experimental design was fully appropriated to
compare the impact of intergenerational chronic exposure to AS and GBH. The
higher sensitivity to viral infections and modification of swimming behavior
observed in offspring issued from genitors contaminated by glyphosate could be
associated to a modification of energetic metabolism and several cellular
mechanisms (e.g. inhibition of acetylcholine esterase). Taken together, all these
data will allow to have an overall vision about the global impacts of glyphosate
and GBHs and to reassess risks associated with these molecules.

1.05.10

Identification of additional key events of organophosphorus poisoning by
using zebrafish larva as a model

L. Dubrana, University of Bordeaux / Inserm U1211 / Maladies Rares Génétique
et Métabolisme; A. Knoll-Gellida, L. Bourcier, P. Babin, MRGM-Université de
Bordeaux- Inserm U1211

Organophosphorus (OPs) are organic compounds widely used, for example as
pesticides or plasticizers, which poses a serious public health problem in many
countries because of their lethality or because they can cause neurological
alterations. The acute toxicity of OPs results from the irreversible inhibition of
acetylcholinesterase (AChE), whose inactivation leads to a major cholinergic
syndrome that associates peripheral manifestations and epileptic seizures. In
addition, exposure to neuropathic OPs is well-known to induce OP-induced
delayed neuropathy, a neurodegenerative disorder characterized by a delayed
onset of prolonged ataxia and upper motor neuron spasticity. Neuropathic OPs
may target the neuropathic target esterase (NTE/PNPLAG6) but their mechanism of
action (MoA) is not entirely resolved and still controversial. Zebrafish larvae are
validated, easy-to-use, inexpensive and fast in vivo vertebrate models with highly
conserved biological processes related to human neuron diseases and
organophosphorus poisoning [1,2]. OPs that inhibit the enzymatic activity of
AChE and/or NTE were used for discovering new keys events (KEs) involved in
the neurotoxicity of these molecules. Methods involving behavioral endpoints
were performed. Visual motor response (VMR) was used to determine the effects
of selected OPs on central nervous system functions, including the ability of the
larvae to respond to light stimuli. The peripheral nervous system impairment was
evaluated by using the electric field pulse motor response (EFPMR) as zebrafish
larvae had a very stereotypical locomotor response to an electric stimulation. As
an example, TCP isomers including ToCP, were studied with the purpose of
elucidating their mechanism of action. A very specific phenotype was retrieved
after ToCP exposure showing hyperactivity during several hours and a so-called
multiple C-bend spaghetti behaviour. Exposure to picrotoxin recapitulated some
aspects of these phenotypic features, suggesting that GABAA receptor modulation
is one of the key events in the mechanism of action of this type of OP on the
nervous system. [1]. Babin PJ et al. 2014. Zebrafish models of human motor
neuron diseases: Advantages and limitations. Prog. Neurobiol. 118C:36-58. [2].
Faria et al. 2015. Zebrafish Models for Human Acute Organophosphorus
Poisoning. Scientific Reports. 5:15591.

1.05.11

Identification of biomarker candidates for discriminating endocrine
disruption from hepatotoxicity in zebrafish (Danio rerio)

S.U. Ayobahan, IME Fraunhofer / Department of Aquatic Ecotoxicology; S.
Eilebrecht, Fraunhofer IME - Institute for Molecular Biology and Applied
Ecology / Fraunhofer Attract EconOMICs; L.A. Baumann, University of
Heidelberg / Aquatic Ecology and Toxicology; M. Teigeler, Fraunhofer IME /
Ecotoxicology; H. Hollert, Goethe University Frankfurt / Department of
Evolutionary Ecology and Environmental Toxicology; S. Kalkhof, University of
Applied Sciences Coburg / Department of Bioanalytics; E. Eilebrecht, C.
Schaefers, Fraunhofer IME - Institute for Molecular Biology and Applied Ecology
/ Ecotoxicology

Nowadays there is much concern about substance-induced hepatic toxicity
interference with the ascribed apical endpoints for assessing reproductive
impairment by endocrine disrupting chemicals (EDC) in fish. To this end, our
study aimed at the identification of protein biomarker candidates indicating
substance-induced liver toxicity in zebrafish. Adult zebrafish (Danio rerio) were
exposed to the known hepatotoxic substance acetaminophen for 21 days, in
compliance with the fish short-term reproduction assay (FSTRA). Molecular
perturbations induced by acetaminophen were studied in the liver and in the
gonads by applying a previously developed combined FSTRA and proteomics
approach. We observed a significant decrease in egg numbers, an increase in
plasma hyaluronic acid, and the presence of single cell necrosis in the liver tissue,
thus suggesting hepatotoxic effects on reproduction. Consistent with these
changes in apical endpoints, proteomics analyses revealed an intense impairment
in liver function ranging from stress induction in endoplasmic reticulum,
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dysfunctional mitochondria, and glutathione depletion to excessive accumulation
of reactive oxygen species. Comparing the results with those observed upon
exposure to the endocrine disrupting substance fadrozole, we identified specific
targets for both MoAs and three potential biomarkers for accessing liver injury i.e.
cahz, c¢3a.1 and atp5f1b. In conformity with apical endpoints, the proteome
response to fadrozole exposure indicated a significant regulation in estrogen
synthesis, reduced vitellogenin synthesis, perturbed binding of sperm to zona
pellucida in the ovary and including the identification of cystathionine gamma-
lyase (cth) protein, as a potential sex unspecific biomarker for evaluating
deficiency in estrogen synthesis and impaired reproductive endocrine disorder.
Our study demonstrates that biomarkers identified and quantified by proteomics
can serve as additional weight-of-evidence for the discrimination of hepatotoxicity
and endocrine disruption, which is necessary for hazard identification in EU
legislation and to decide upon the option for risk assessment.

1.05.12

Poster spotlight: Oestrogenic effects in wild fish in English Rivers: comparing
contemporary and historical impacts

A. Baynes, Brunel University London / Institute of Environment, Health and
Societies

Human and Environmental Lipid Disruptors

1.06.1

The Echinodermata PPAR: functional characterization and exploitation by
the model lipid homeostasis regulator tributyltin

F. Castro, A. Capitdo, M. Lopes-Marques, CIIMAR University of Porto; i.
Pascoa, University of Porto: CIMAR-LA/CIIMAR — Centro Interdisciplinar de
Investigagdo Marinha e Ambiental; R. Ruivo, E. Fonseca, F. Castro, CIIMAR -
University of Porto; M.M. Santos, CIIMAR/FCUP / Biology/Endocrine
Disruptors and Emerging Contaminants

The wide ecological relevance of lipid homeostasis modulators in the environment
has been increasingly acknowledged. Tributyltin (TBT), for instance, was shown
to cause lipid modulation, not only in mammals, but also in fish, molluscs,
arthropods and rotifers. In vertebrates, TBT is known to interact with a nuclear
receptor heterodimer module, formed by the retinoid X receptor (RXR) and the
peroxisome proliferator-activated receptor (PPAR). These modulate the
expression of genes involved in lipid homeostasis. In the present work, we
isolated for the first time the Echinodermata (Paracentrotus lividus) gene
orthologues of PPAR and RXR and evaluated the ability of a model lipid
homeostasis modulator, TBT, to interfere with the lipid metabolism in this
species. Our results demonstrate that TBT alters the gonadal fatty acid
composition and gene expression patterns: yielding sex-specific upregulation of
long-chain acyl-CoA synthetase (acs/), ppar and rxr. Furthermore, organotins
(TBT and TPT (Triphenyltin)) repressed the heterodimer PPAR/RXR, in vitro, in
a concentration-dependent manner. Together, these results suggest that TBT acts
as a lipid homeostasis modulator at environmentally relevant concentrations in
Echinodermata and highlight a possible conserved mode of action via the
PPAR/RXR heterodimer.

1.06.2

Effects of the exposure to various EDCs on the lipid metabolism of zebrafish
embryos

P. Leonards, Vrije Universiteit Amsterdam / Environment & Health; L. Jollie, V.
Ochlers, M. Xu, J. Legradi, Vrije Universiteit Amsterdam

The European project ENDpoiNTs is developing new testing and screening
methods to identify endocrine disrupting chemicals (EDCs) that induce human
developmental neurotoxicity (DNT). Clear evidence supports associations
between endocrine disrupting chemical (EDC) exposure and impaired
neurodevelopment. Yet, current hazard assessment of EDCs does not address
developmental neurotoxicity. This is due to a lack of scientific knowledge on how
endocrine disruption is linked to developmental neurotoxicity (DNT). Thus there
is an urgent need for novel testing and screening tools to address ED-induced
DNT, based on new scientific knowledge. The current study is generating new
scientific knowledge on the link between endocrine disruption and DNT at the
molecular, organism and behavioural level using zebrafish (Danio rerio) embryos.
The focus of the current paper will be on the lipid metabolism of 5 day old
zebrafish embryos that were exposed to various EDCs. Zebrafish embryos were
exposed to eight different EDCs. The exposure levels were selected based on
earlier studies and were generally below the NOEC for visiual malformations,.
The EDCs include pesticides and metabolites (aldicarb, permethrin, 3-PBA),
PFAS (PFOS, PFOA, PFHxS), and phthalates and metabolites (DIDP, DEP) .
Exposure to EDCs resulted in altered lipid metabolism in zebrafish embryos, but
different lipid pathways were affected by different EDCs. The most commonly
affected pathway were the glycerophospholipids, but also the glycerolipid and
sphingolipid metabolisation were affected. Various EDCs (e.g. aldicarb, PFOS
and PFOA) caused effects on fatty acid metabolism, such as elaidic acid, nervonic
acid, and lauric acid, but the strongest effects were seen on other lipids classes.
Two distinguished groups could be observed. One group of EDCs (PFhxS,
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permethrin, 3-PBA) mainly affected the PC and PE lipid metabolisation, another
group (PFOS, aldicarb) mainly triacylglycerol lipids, and DEP affected both PC,
PE and TAG lipids.

1.06.3

Lipidomic profiling of plasma and endoplasmic reticulum fraction of Atlantic
cod liver for the detection of metabolic dysfunctions associated to pollutants
exposure

A. Gilabert, IDAEA-CSIC / Department of Environmental Chemistry; S.
Buenestado, Institute of Environmental Assessment and Water Research
(IDAEA), Spanish Research Council (CSIC) / Department of Environmental
Chemistry; M. Eide, University of Bergen Bergen / Department of Biological
Sciences; X. Zhang, University of Bergen Bergen Norway / Department of
Bioinformatics; O. Karlsen, A. Gokseyr, University of Bergen / Department of
Biological Sciences; C. Porte, IDAEA-CSIC / Department of Environmental
Chemistry

The Atlantic cod (Gadus morhua) is a major fisheries species in the North Atlantic
and an attractive model for analysing the impact of environmental contaminants.
As the site of xenobiotic biotransformation and main storage site of fat, the
responses in cod liver is of particular interest. The dCod 1.0 project aims to better
understand how the Atlantic cod respond and adapt to pollutant stressors. In order
to partially characterize the lipidome of plasma and the endoplasmic reticulum
(ER) fraction of cod liver following pollutants exposure, we have developed a
methodology based on the use of Flow injection analysis coupled to high-
resolution mass spectrometry (FIA-HRMS). In this study, fish were
intraperitoneally injected with a mixture of ten contaminants (chlorpyriphos,
perfluorinated compounds (PFOA, PFOS), bis(2-ethylhexyl) phthalate, trans-
nonachlor, 4-tert-octylphenol, bisphenol A, p,p’-dichlorodiphenyltrichloroethylen,
and polychlorinated biphenyls (PCB153, PCB138)) at environmentally relevant
concentrations, and sampled after 12 days. The targeted analysis allowed the
quantification of about 150 lipid species in plasma, mainly triacylglycerols (TG),
cholesterol esters (CE) and phosphatidylcholines (PC). In the ER fraction, TGs,
PCs and phosphatidylethanolamines (PE) dominated. Interestingly,
phosphatidylinositols (PI), phosphatidylserines (PS) and PEs were downregulated
in the ER fraction of exposed cod, indicating a major effect of the xenobiotic
mixture in de novo synthesis of phospholipids, together with a concomitant
increase in some TGs. The lipidomic dataset was further processed with the
proFIA package followed by tentative annotation with LIPIDMAPS® to seek for
dysregulated features that had not been considered in the targeted analysis. This
untargeted strategy provided complementary evidence of the segregation of
control and exposed samples and highlighted glycosphingolipids, fatty acid
conjugates and derivatives, plasmenyl/plasmanyl forms of PCs, PSs, PIs; and
phosphatidic acids as additionally altered lipids. Overall, these results demonstrate
the disturbance of the ER lipidome in exposed cod. ER is a critical site of lipid
metabolism, and a perturbation of ER homeostasis can contribute to metabolic
dysregulation that is shown in alterations in plasmatic lipids. The applied
methodology represents a promising tool for the discovery of new lipid
biomarkers in ecotoxicological studies.

1.06.4

Untargeted lipidomics of zebrafish (Danio rerio) embryos exposed to
bisphenol A and estradiol using comprehensive 2D-LC-HRMS

M.P. Cova, CSIC-IDAEA / Environmental Chemistry; J. Jaumot, Institute of
Environmental Assessment and Water Research (IDAEA), Spanish Research
Council (CSIC) / Environmental Chemistrty; G. Leme, Gustavus Adolphus
College / Dept of Chemistry; L. Navarro-Martin, Institute of Environmental
Assessment and Water Research / Environmental Chemistry; B. Pifia, R. Tauler,
Institute of Environmental Assessment and Water Research (IDAEA), Spanish
Research Council (CSIC) / Environmental Chemistry; D.R. Stoll, Gustavus
Adolphus College / Dept of Chemistry

There is an increasing interest in investigating possible adverse effects of
endocrine-disrupting chemicals (ECDs) on aquatic organisms and infer this
knowledge to human populations'. This study focuses the exposure of zebrafish
embryos to an exogenous endocrine disruptor, bisphenol A (BPA), and a natural
hormone, estradiol (E2). The main aim is to determine which effects are provoked
by the estrogenic effect of BPA, and which are specific to this compound. The
high complexity of biological samples has led to the development of
multidimensional separation platforms, with a greater separation power than
mono-dimensional approaches®. Among them, LC x LC-MS seems especially
suitable for untargeted metabolomic analysis. In this study, an RPxHILIC-HRMS
method was optimized for the analysis of lipid extracts, employing Active Solvent
Modulation (ASM) to deal with the solvent incompatibilities between the two
separations’. Zebrafish embryos were exposed to BPA and E2 from 48 to 144
hours post-fertilization (hpf). Exposure concentrations were chosen after toxicity
tests to ensure working at sub-lethal doses. Three concentration levels were used
in each case: 4.4, 17.5 and 26.3 uM for BPA, and 1, 4 and 8 uM for E2. Finally,
embryos were collected at 96 and 144 hpf. Two types of studies were performed
depending on the target lipid family. The first study focuses on the effects caused
on phospholipids whereas the second on the changes on the sphingolipidome. As
LC x LC produces very complex datasets, advanced chemometric approaches are
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highly recommended to process the data. ROIMCR* strategy was used for that
purpose, which is composed by two main steps: 1) Regions of interest (ROI), a
compression and arrangement of the raw LCXxLC-MS data; 2) Multivariate Curve
Resolution—Alternating Least Squares (MCR-ALS), a resolution of the LCXLC
elution profiles and mass spectra to detect the main features related to the changes
in the lipidome caused by the exposition. After lipid identification, Kyoto
Encyclopedia of Genes and Genomes (KEGG) platform was used for the
identification of metabolomic pathways affected and the biological impact the
exposure produced on the organisms. The combination of a high resolving power
separation technique (LCXLC-HRMS) with the chemometrics-based ROIMCR
data analysis allowed the detection and identification of a wide number of lipids,
markers of the exposure to the studied endocrine disruptors. [1] Diamanti-
Kandarakis, E. et al. 2009. Endocr. Rev. 30: 293-342. [2] Pirok, B. W. J., et al.
2019. Anal. Chem. 91: 1:240-263. [3] Stoll, D. R., et al. 2017. Anal. Chem. 89:
9260-9267. [4] Gorrochategui, E., et al. 2019. BMC Bioinformatics 20:1-17.

1.06.5

Oil exposure disrupts lipid metabolism during diapause in calanoid copepods
E. Skottene, Norwegian University of Science & Technology (NTNU) /
Department of Biology; A. Tarrant, Woods Hole Oceanographic Institution; A.
Olsen, Norwegian University of Science and Technology / Biology; D. Altin,
Biotrix AS; B. Hansen, SINTEF Ocean / Environment and New Resources; M.
Choquet, Nord University; R. Olsen, Norwegian University of Science and
Technology (NTNU) / Department of Biology; B. Jenssen, Norwegian University
of Science and Technology / Biology

Calanoid copepods are keystone zooplankton species in marine ecosystems,
primarily due to their ability to transform ingested prey into nutritious lipids.
Copepod presence in surface waters is seasonal, as several months of the year is
spent at depth in a dormant state called diapause. The termination of diapause,
which involves the ascent to surface waters to feed and reproduce, may be
dependent on content and/or composition of lipids in the lipid sac. Very little is
known about lipid catabolism during diapause, and how environmental stressors,
like oil pollution, may influence this. We performed a study where we exposed
copepods terminating diapause to the water-soluble fraction (WSF) of a crude oil,
and investigated effects on lipid metabolism. Our results suggest that WSF-
exposure during diapause termination can results in a temporary reduction in lipid
catabolism. WSF-exposed copepods i) utilized stored lipids more slowly and ii)
had more down-regulated genes in the B-oxidation pathway than control copepods.
As this reduction in lipid catabolism resulted in excess lipid stores in the
copepodites, termination of diapause could be delayed. This delay could have
detrimental consequences for marine ecosystems.

1.06.6

Spatially resolved lipidome profiling of freshwater sentinel species
Gammarus fossarum by shotgun lipidomics and mass spectrometry imaging
T. Fu, Institute of Analytical Sciences; O. Knittelfelder, Max Planck Institute of
Molecular Cell Biology and Genetics; O. Geffard, A. Chaumot, Institut national
de recherche pour I’agriculture, 1’alimentation et ’environnement (INRAE) /
Unité de Recherche RiverLy; D. Degli Esposti, Irstea / UR RIVERLY
Laboratoire Ecotoxicologie; S. Ayciriex, Université de Lyon / Institut de Science
Analytique

Lipids are important component in living organisms and play vital roles in various
biological functions. In aquatic biomonitorig, disruptions in lipid homeostasis of
bioindicators induced by various pollutants have been recently illurstrated by
NMR and LC-MS analyses. However, both analytical methods require a lipid
extraction process which sacrifices the spatial information of the lipid species.
Mass spectrometry imaging (MSI) is a well recognised technique for in situ
mapping of a variety of molecular species within a tissue section. To obtain a
comprehensive lipid profile of a freshwater sentinel species Gammarus fossarum,
we developed a spatially resolved lipidomics workflow combining shotgun
lipidomics and MSI. Gammarids which were collected from a referenced site were
used for all the experiments. Shotgun lipidomics was performed using nano ESI
coupled to a hig-resolution mass spectrometer (Q Exactive). MALDI (matrix
assisted laser desorption ionisation) was utilised to map the whole-body gammarid
tissue sections and secondary ion mass spectrometry (SIMS) was applied to
scrutinise specific organs and structures with high spatial resolution. Various lipid
species including glycerolipids, glycerolphospholipids, sphingolipids were
detected and identified from the lipid extracts by shotgun lipidomics. The imaging
of whole-body gammarids and targeted regions of interest shows accumulation of
different lipid classes in different organs. Overall, our results indicate a both
diverse and dynamic lipid composition during the reproduction cycle of G.
fossarum. This methodology will be applied to examine the lipidome in
gammarids exposed to aquatic pollutants that are are especially knonw to disrupt
lipid metabolism. We envisage that cellular localisation of the pollutants and
lipids by this spatially resolved lipidomics will contribute significantly to
deciphering the molecular mechanism of the toxicity effect induced by
environmental pollution.

Neuroendocrine and Neurochemical Disruption in Vertebrate
and Invertebrate Models
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1.07.1

Single and combined low concentrations of neuro-active drugs disrupt key
neurological signalling pathways in Daphnia magna affecting reproduction
and lipid metabolism

C. Barata, CSIC / Environmental Chemistry; I. Fuertes, IDAEA-CSIC; B. Pifia,
Institute of Environmental Assessment and Water Research (IDAEA) Spanish
Research Council (CSIC) / Environmental Chemistry

Assessing the risk of neuro-active pharmaceuticals in the environment requires an
understanding of their joint effects at low concentrations across species. Here, we
assessed reproductive, transcriptional and lipidomic effects of single and mixture
equi-effective mixture exposure to fluoxetine, propranolol, diazepam and
carbamazepine on the crustacean Daphnia magna at environmentally relevant
concentrations. We also included previous obtained knockout clones lacking
serotonin since they had the opposite phenotype of animals treated with
fluoxetine. The four compounds enhanced reproduction in adults, and induced
specific transcriptome and lipidomic changes in pre-adolescent individuals. Knock
out clones showed the opposite responses. Comparison of the results from single
exposures to a ternary equi-effective mixture of the three compounds, showed
additive action. Functional transcriptomics analysis indicated that the four drugs
shared major de-regulated signalling pathways implicated on energy, growth,
reproduction, and neurologically- related processes, which may be responsible for
the observed reproductive effects. Lipodomic analysis also evidenced
downregulation of specific lysophospolipids in animals exposed to the four drugs
and the opposed trend in knockout animals . Thus, our study showed additive
effects at the transcriptional and physiological level and a probably similar key or
initiating event linked with the serotonergic pathway.

Not all Oil Spills Behave the Same: Unconventional Oils,
Advanced Characterization and Ecotoxicity

1.08.1

Dispersant application increases adverse long-term effects of oil on Northern
shrimp larvae after six hours exposure

F. Keitel-Groner, NORCE - Norweigian research centre; M. Arnberg, Akvaplan-
niva; R.K. Bechmann, NORCE Norwegian Research Centre / IRIS; E. Lyng, T.
Baussant, NORCE Norwegian Research Centre

The application of chemical dispersants is one option of oil spill response (OSR)
and substantial information exists on the acute toxicity of mechanically dispersed
oil (MDO) and chemically dispersed oil (CDO) on different aquatic species
generated from standard laboratory studies. However, these studies use exposure
durations of 24-96 h, although short exposure times (1-8 h) are considered most
representative for oil spill scenarios. Therefore, we exposed Northern shrimp
(Pandalus borealis) larvae to short exposure durations of 6 h and 1 h to field-
realistic concentrations of CDO (~ 10 mg L-1 THC), MDO (~ 7 mg L-1 THC),
and dispersant only (D; 4%). A control with clean seawater served as reference. P.
borealis is an ecologically and economically important key species of northern
ecosystems, along the Norwegian coast and in the Arctic up to Svalbard. Higher
northern latitudes and Arctic areas are becoming more opened to ship traffic and
exploration activities by the oil and gas industry. Therefore, data on the sensitivity
of northern key species and particularly larval stages to petroleum discharges is
needed as the risk of accidental oil spills increases. Increased knowledge helps to
tailor OSR capabilities to this region. Spill impact mitigation assessment for the
Arctic marine environment relies on a trade-off approach such as the Net
Environmental Benefit Analysis (NEBA) to use the less damaging OSR for the
environment. Here, endpoints relevant for NEBA, considering their ecological
meaning for the recruitment and population dynamics of Northern shrimp, were
investigated. Generally, the short exposure to oil had long lasting effects on
Northern shrimp larval fitness. However, there were differences with exposure
time and between endpoints. Feeding was impaired directly after oil exposure,
while all other endpoints were affected during recovery. After 1 h exposure to oil,
only minor effects on survival and feeding were found, whereas 6 h exposure
affected all endpoints. Overall, the data indicated a greater sensitivity of Northern
shrimp larvae to CDO than MDO. Differences in oil droplets size and fractions of
dissolved oil components in the water potentially explain the greater sensitivity to
CDO compared to MDO. The data are relevant for the NEBA approach and for
spill responders in taking the best OSR decision i.e. with the best net
environmental benefit.

1.08.2

Acute toxicity of individual polycyclic aromatic compounds and compound
mixtures to American lobster (Homarus americanus) larvae using a passive
dosing system

D. Philibert, B.P. de Jourdan, Huntsman Marine Science Centre / Environmental
and Molecular Toxicology

The American lobster (Homarus americanus) is a species of both cultural and
economic importance on the east coast of Canada and the United States. Stage I
larval lobsters are a particularly vulnerable life stage when they are seasonally
present as they are both sensitive to environmental contaminants and reside near
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the surface of the water column. This study examined the acute toxicity of 13
individual PACs and three PAC mixtures on stage I lobster larvae using a passive
dosing system to predict the impact of an oil spill on lobster habitat. The chosen
PACs cover a range of compound classes and Kow values (i.e. PAH, alkyl-PAH,
heterocycles and oxidized hydrocarbons). Each compound and mixture was
loaded into PDMS O-rings to partition PACs into seawater and maintain
concentration over the course of the exposure period. Exposed lobster larvae were
assessed for survival and affected mobility at 3, 6, 12, 24, 36 and 48 hours of
exposure. Passive dosing was effective for acute exposures to PAH, alkyl-PAHs
and heterocycle compounds. However, passive dosing was ineffective for the
oxidized hydrocarbons tested due to low solubility in methanol. Results provided
a linear relationship between the log (LCso) and log (Kow ) values with a slope
similar to the universal slope of type 1 narcotic compounds (slope =-0.97)
described in the Target Lipid Model (TLM). Stage 1 lobster larvae proved to be
very sensitive to type 1 narcosis based on the critical body burden derived from
the TLM. The collected toxicity data will improve oil spill models used by
response organizations, fishery managers and industry stakeholders to make
science-based decisions in the case of an oil spill within critical lobster habitat and
seasonally when stage I larvae are present.

1.08.3

The use of standard toxicity test methods in a modified process for the
approval of oil spill treatment products in the UK

H. Walton, Cefas Lowestoft Laboratory / Ecotoxicology and Risk Assessment; J.
Davison, J. Uzyczak, C. Martin, P. Milliken, Centre for Environment, Fisheries
and Aquaculture Science (Cefas) / Ecotoxicology and Risk Assessment; M.F.
Kirby, Centre for Environment, Fisheries and Aquaculture Science (Cefas)
Current experimental protocols for the toxicity assessment of oil spill treatment
products in the UK have been established since the 1970s. To address health and
safety, cost and scientific robustness issues the UK approach for dispersant testing
and approval has been reviewed and updated for implementation during 2020. The
aim is to provide more robust scientific advice for risk assessments that enable
effective decision making on the use of oil remediation products in the event of a
spill and promote more effective cross-institute comparisons of toxicity. It is
preferable that environmentally relevant test species are used but, as the scientific
literature provides little conclusive evidence of a taxa-specific trend in sensitivity,
species selection based on sensitivity alone was not justified. Eight dispersants,
commonly stockpiled in the UK, were tested independently and in combination
with a representative crude oil. Testing of dispersants in combination with oil has
historically provided more variable results so this study has considered the
benefits of this versus product only testing. Core test species included the
harpacticoid copepod, Tisbe battagliai, and the algae, Skeletonema sp., as both
have cost-effective internationally standardised methods, whilst also being
environmentally representative and easily cultured under laboratory conditions
with no seasonality. Other candidate test species, such as oyster embryos, had
limitations in applicability due to seasonal issues. Fish testing was not considered
as there was no ethical reasoning for vertebrate testing due to the absence of taxa-
specific toxicity. Results showed that, if oil is excluded from the assessment,
Skeletonema sp. and Tisbe battagliai, can produce reliable, reproduceable and
interpretable results. This suggests that product only testing is suitable for ranking
products based on toxicological hazards. The redevelopment of the UK guideline
to use standardised testing and environmentally relevant test organisms will
increase the quality and reliability of data used to underpin the UK oil spill
treatment testing and approval scheme. The adoption of this approach will enable
an approved list of products for use in UK waters to be maintained. However, the
decision for dispersant use in any given scenario will still need to use a risk
assessment approach taking account of incident-specific physical and
environmental sensitivity.

Novel Developments in Endocrine Disruptor Testing with
Vertebrates

1.09.1

Interlaboratory OECD Validation of the Rapid Androgen Disruption
Adverse outcome Reporter (RADAR) assay

A. Tindall, S. Bancel, M. Chabanon, Watchfrog S.A.; 1. Katsiadaki, Cefas /
Environment and Animal Health; M. Sebire, Cefas; A. Konig, Fraunhofer IME -
Institute for Molecular Biology and Applied Ecology / Fraunhofer Attract
EconOMICs; E. Eilebrecht, Fraunhofer IME / Ecotoxicology; L. Kosak,
Fraunhofer Institute for Molecular Biology and Applied Ecology; J. Rieder, H.
Segner, University of Bern / Centre for Fish and Wildlife Health; T. Okamura, M.
Sakurai, IDEA Consultants, Inc.; G. Lemkine, Watchfrog S.A.

In the past ten years, increasing interest has been paid to the identfication of
chemicals interefering with the normal functioning of the androgen axis. Two key
in vitro studies identified 66/200 and 37/134 pesticides tested as anti-androgenic.
However, the effects of many of these pesticides have yet to be confirmed in vivo
due to the absence of medium throughput in vivo assays. With this in mind, we
developed a transgenic medaka line capable of revealing the level of activity of
the androgen axis by emmision of green fluorescence. This line harbours a portion
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of the spigginl gene promoter upstream of GFP coding sequence. The spigginl-
GFP line has been demonstrated to respond specifically to androgens and to be
capable of identifying pro-androgenic and anti-androgenic chemicals acting via a
variety of modes of action (MoAs). The sensitivity of the line is similar to that of
the 21-day androgenised female stickleback screen. Using eleuthero-embryonic
life stages of this transgenic line, which are non-compliant with the EU definition
of a laboratory animal, we developed the 72 h Rapid Androgen Disruption
Adverse outcome Reporter (RADAR) assay which is carried out in six-well plates.
This assay is currently under OECD validation as a potential test guideline. In an
OECD interlaboratory validation study, the RADAR assay was performed in five
different laboratories in France, the UK, Switzerland, Germany and Japan. 1. 2.
3. The RADAR assay was successfully transferred to the four partner
laboratories. The laboratories in Switzerland and Japan reared spigginl-gfp fish to
adulthood and bred them to produce eleuthero-embryos which they performed the
tests with. The laboratories in the UK and Germany received embryos from
WatchFrog which they used for testing. The results were coherent between each of
the partner laboratories and showed a similar sensitivity. The transferability of the
RADAR assay has been confirmed as well as its ability to be read using a variety
of different fluorescence imaging systems. This transferability includes the ability
to perform it either with embryos shipped from a supplier or with embryos bred on
site. The reproducibility of the assay has also been demonstrated with a high level
of coherence between the results from the different partners. Evaluation of the
results by the OECD will indicate the next steps towards the possible publication
as an OECD test guideline.

1.09.2

A new standard for endocrine disruptor testing in fish - The integrated Fish
Endocrine Disruptor Test GFEDT)

L. Golz, COS University of Heidelberg; P. Pannetier, University of Heidelberg /
Aquatic Ecology & Toxicology, COS; M.P. Fagundes, University Koblenz-
Landau; D. Knapen, University of Antwerp / Zebrafishlab Dept Veterinary
Sciences; L. Vergauwen, University of Antwerp / Zebrafishlab Dept Veterinary
Sciences & SPHERE Dept Biology; H. Holbech, University of Southern Denmark
/ Biology; J.E. Morthorst, University of Southern Denmark / Department of
Biology; T. Braunbeck, University of Heidelberg / Centre for Organismal Studies;
L.A. Baumann, University of Heidelberg / Aquatic Ecology and Toxicology
Various EU research projects deal with the optimization of aquatic vertebrate test
systems for the identification of endocrine disruptors (EDs). Attempts are made to
cover all relevant life stages, to identify EDs with different modes of action, to
replace existing amphibian tests and to include thyroid-related endpoints in
existing fish test guidelines(TGs). For this end, the EU tender project "Integrated
Fish Endocrine Disruptor Test (iFEDT)" was designed to establish a new test
system that combines and extends two existing fish test guidelines: the Fish Short
Term Reproduction Assay (OECD TG 229) and the Fish Sexual Development
Test (OECD TG 234). Propylthiouracil (PTU; 0 to 78.125 mg/L; n = 4) was tested
as a model substance for the inhibition of thyroid hormone synthesis.In addition to
endpoints established in existing OECD TGs (fecundity, growth, gonad
histopathology, vitellogenin, etc.), various thyroid-related endpoints such as
hormone levels, thyroid histopathology and (eye) development were assessed
during the 85 days exposure period. Although ongoing, the analysis of PTU
effects already revealed that PTU not only impairs the reproductive performance
of adult fish and reduces the growth of juvenile fish, but also induces thyroid
follicle proliferation. Further endpoints are under investigation in both juvenile
and adult fish: hormone and vitellogenin (VTG) levels, histopathology of the eyes,
gonads and thyroid follicles, as well as swimbladder inflation. Based on
preliminary results, the merged test design iFEDT already appears to be a
promising tool to integrate various important ED modalities in fish into one
assay.This study receives funding from the European Commission under contract
no. No 07.0203/2018/794670/ETU/ENV.B.2 ("Development of a study protocol
for regulatory testing to identify endocrine disrupting substances in biotic
systems").

1.09.3

Refinement of an OECD test guideline for evaluating the effects of EDCs on
aromatase gene expression and reproduction using novel transgenic
cyp19ala-eGFP zebrafish

J. De Oliveira, E. Chadili, B. Piccini, C. Turiés, E. Maillot-Maréchal, INERIS; O.
Palluel, INERIS / Unité décotoxicologie in vitro et in vivo; P. Pardon, University
of Bordeaux / UMR CNRS 5805 EPOC-LPTC; H. Budzinski, Université de
Bordeaux / UMR EPOC LPTC; X. COUSIN, INRA; F. BRION, N. Hinfray,
INERIS

Transgenic fish are powerful models that can provide mechanistic information
regarding the endocrine activity of test chemicals. In this study, our objective was
to use a newly developed transgenic zebrafish line expressing eGFP under the
control of the cyp!9ala promoter in the OECD Fish Short Term Reproduction
Assay (Test Guideline 229) to provide additional mechanistic information on
tested substances. For this purpose, we exposed adult transgenic zebrafish to a
reference substance of the TG 229, i.e. prochloraz (PCZ; 1.7, 17.2 and 172.6
pg/L). In addition to “classical” endpoints used in the TG 229 (reproductive
outputs, vitellogenin), the fluorescence intensity of the ovaries was monitored at 4
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different times of exposure using in vivo imaging. Our data revealed that the
highest PCZ concentration significantly decreased the number of eggs laid per
female per day and the concentrations of vitellogenin in females, reflecting the
decreasing E2 synthesis due to the inhibition of the ovarian aromatase activities.
At 7 and 14 days, GFP intensities in ovaries were similar over the treatment
groups but significantly increased after 21 days at 17.2 and 172.6 pg/L. A similar
profile was observed for the endogenous cyp/9ala expression measured by qPCR
thereby confirming the reliability of the GFP measurement for assessing
aromatase gene expression. The overexpression of the cypl9ala gene likely
reflects a compensatory response to the inhibitory action of PCZ on aromatase
enzymatic activities. These experiments showed that the physiological responses
observed in control and PCZ-exposed cyp!9ala-eGFP transgenic zebrafish (E2,
VTG, reproduction) are similar to those of wild-type zebrafish, both qualitatively
and quantitatively. Besides, the cyp!9ala-eGFP model reliably informs on the
time- and concentration-dependent effects of PCZ on ovarian aromatase through
in vivo GFP fluorescence of the ovaries, thereby providing novel mechanistic
information without increasing the number of animals needed. Overall, the
cypl9ala-eGFP transgenic zebrafish line proved to be a relevant model to study
the effects of EDCs in fish, which might also be wisely used to refine mechanism-
based assays such as OECD TG 229.

1.09.4

Recommendations on how to perform, report and evaluate hormonal and
gross pathological endpoint for non-mammalian vertebrates for Endocrine
Disruption (ED) assessment

S. Ermler, Brunel University / Institute of Environment, Health and Societies; M.
Arena, EFSA - European Food Safety Authority / Pesticides Peer Review; S.
Barmaz, EFSA - European Food Safety Authority / Pesticides Unit; A. Baynes,
Brunel University London / Institute of Environment, Health and Societies; G.B.
Collins, Brunel University London / Life Sciences; J. McPhie, Brunel University;
1. Moreira, Brunel University London / Institute of Environment, Health and
Societies; S. Oliverio, Brunel University London / Institute for the Environment,
health and societies; M. Scholze, Brunel University London / Institute for the
Environment; L. Villamar-Bouza, European Food Safety Authority (EFSA)/
Pesticides Unit; O. Martin, Brunel University London / Institute for the
Environment, health and societies

Within the EU, the approval of pesticides is regulated by Regulation (EC) No
1107/2009. An amendment to this Regulation (Regulation (EU) No 2018/605),
which establishes the scientific criteria for the identification of pesticide active
substances with endocrine disrupting (ED) properties, was published in April
2018. In June 2018, European Food Safety Authority (EFSA), the European
Chemicals Agency (ECHA) and the Joint Research Centre (JRC) published a
guidance document on the implementation of the scientific criteria, this
publication primarily addresses the Estrogen, Androgen, Steroidogenesis and
Thyroid, known as ‘EATS’, modalities in vertebrates. It specifically included
recommendations on how to perform hormonal measurements in mammals (i.e.
rodent models). However, when it comes to non-mammalian vertebrate test
guidelines (TG), there are a number of ‘gaps’ which need to be filled to fully
address assessment of ‘EATS’ modalities and mirror mammalian TGs. For
example, in the OECD test models which do address endocrine specific endpoints
(i.e. amphibians and fish) there are no specific recommendations on which
hormones to measure, how or when to measure hormones, or how to interpret the
results. To harmonise vertebrate OECD TGs, these additional endpoints need to be
investigated. Reflecting the mammalian situation, some guidance on how to
perform, report and evaluate these additional endpoints is required. The project
approach combined systematic investigation of the literature, a semi-structured
survey targeted at end-users (e.g. contract research laboratories) and expert
experience, to deliver a guidance document on recommendations on how to
perform, report and evaluate; * Hormonal measurements in fish,
amphibians and birds, ¢ Gross pathology examinations in birds,
Here we present the project outcomes and key messages.

Novel Tools and Bioassays for the 21st Century
Environmental Toxicology

1.10.1

Biomarker development for neonicotinoid exposure in the soil dwelling
Folsomia candida

R.R. Bakker, Vrije Universiteit Amsterdam / Ecological Sciences; C. van Gestel,
Vrije Universiteit Amsterdam / Ecological Science; D. Roelofs, Vrije Universiteit
Amsterdam / Ecological Sciences

Mechanistic data can be used to develop Adverse Outcome Pathways (AOP),
which incorporates toxicity information on the molecular, organismal and
population level into a tool for environmental risk assessment. To use mechanistic
data in environmental risk assessment deep understanding of the molecular
processes behind the Key Events (KE) that constitute an AOP is required.
Moreover, molecular endpoints, biomarkers, have to be identified that are specific
for the severity and type of toxic exposure. We study the mechanistic changes
induced by pesticide exposure in Folsomia candida (springtail) in order to
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develop methods for soil quality assessment. The focus of the work is on
neonicotinoids, the most widely applied class of insecticides. To generate
candidate biomarkers, we generated time-resolved transcriptomic and proteomic
data of animals exposed to Imidacloprid, a neonicotinoid. Moreover, we validate
these candidates by inhibiting the main route of neonicotinoid detoxification, the
biotransformation pathway. By measuring reproduction, we show that Piperonyl
butoxide (PBO) can enhance the potency of two neonicotinoids, Imidacloprid
(IMI) and Thiacloprid (THIA). Moreover, we show that two targets of PBO
inhibition, Cytochrome P450s (CYPs), are upregulated during THIA, IMI and
PBO exposure. These results contain putative neonicotinoid biomarkers and
support PBO as a possible tool for validation. Future work will focus on
generating neonicotinoid biomarkers in the context of pesticide mixtures and on
agricultural soils. Ultimately, the results from the project can lay the foundation
for rapid and cost-effective soil quality assessment.

1.10.2

Characterization of endocrine disruptors linked to metabolic related adverse
outcome pathways using artificial intelligence and systems toxicology

E. Blanc, K. Bernal, X. Coumoul, Université de Paris/Inserm U1124; D.A.
Sarigiannis, Aristotle University of Thessaloniki / Chemical Engineering; L.
Blaha, Masaryk University, Faculty of Science / Faculty of Science, RECETOX;
R. Barouki, K. Audouze, Université de Paris/ Inserm U1124

Exposure to endocrine disrupting compounds (EDC) represents one of the most
critical public health threats nowadays. In line with the regulatory framework
implemented within the European Union, new and effective methods for EDC
testing are needed. The OBERON project, that is part of the EURION cluster, will
build an integrated testing strategy (ITS) including advanced computational
models to detect metabolic outcomes of EDCs. In addition, the HBM4EU project
aims at developing bio-monitoring studies and at linking exposure to chemicals
with health effects. Even if several metabolic diseases have now been associated
with EDCs, biological mechanisms are not fully understood. Therefore, it is
essential to have a better understanding of the biological pathways that suspected
EDCs may perturb to identify their real impact on the human population and
develop relevant tests. Adverse Outcome Pathways (AOP) consist in a linear or a
network representation of mechanistic perturbations at different levels of the
biological organization, and although AOPs are chemical-agnostic, they may help
to link chemicals to biological events in order to gain insights on possible toxic
outcomes. The aim of the present computational study was to identify in an
automatic way, existing knowledge, i.e EDC-related metabolic outcomes and
events, from the literature, and to map them to AOP and AOP networks. The
approach uses a combination of a recently developed tool called AOP-helpFinder,
based on artificial intelligence and graph theory to identify EDC-biological event
linkages, and integrative systems biology. Using AOP-helpFinder, texts from
scientific abstracts in the PubMed database were compiled, prepared (text
classification) and screened (text mining) for specific EDCs and events (165 MIE,
704 KE and 125 AO), and findings were prioritized by scoring. The identified
EDC-event associations combined with systems biology allowed to suggest AOP
hypothesis.

1.10.3

Harvesting what we sow: exploiting the potential of bioassay data to support
mechanistically oriented hazard and risk assessment

K. Tollefsen, NIVA - Norwegian Institute for Water Research / Ecotoxicology and
Risk Assessment; E.B. Myklebust, NIVA - Norwegian Institute for Water
Research / Enviromental Data Science; Y. Song, Norwegian Institute for Water
Research (NIVA) / Section for Ecotoxicology and Risk Assessment; R. Wolf,
Norwegian Institute for Water Research (NIVA) / Ecotoxicology and Risk
Assessment; L. Xie, Norwegian Institute for Water Research (NIVA) / Section for
Ecotoxicology and Risk Assessment

Knowledge of how single chemicals and their complex mixtures affect organisms,
e.g., their mode of action (MoA) and how these perturbations project to adverse
effects (outcomes), is continuously increasing due to extensive bioassay testing
activity worldwide. However, generation of such effect data, typically by
bioassays ranging from classical (eco)toxicological tests to New Approach
Methodologies (NAMs), is rapidly generating disparate data sets that are not
easily integrated. Efforts to link MoAs to adverse outcomes at individual and
population levels using Adverse Outcome Pathways (AOP) lends a great promise
to facilitate such integration, and devloping computational approaches to harvest
AOP-informed data and conduct quantitative evaluations for mechanisticaly
oriented hazard and risk assessment are thus highly warranted. Efforts to develop
new AOPs, quantitate the relationships of events across the AOP continuum
(quantitative AOPs) and interpret these in terms of ecological relevance are thus
quickly becoming bottlenecks in successful use of an ever increasing amount of
effect data. This applies in particular to the transition from single chemical
assessment to cumulative hazard (CHA) and cumulative risk (CRA) assessments
of “real world” exposure scenarios, where a high degree of complexity reigns and
standardised approaches are lacking. The present work demonstrates how AOP-
informed exploitation of effect data from different bioassays and exposure
information from monitoring studies can be used to identify suitable bioassays,
toxicity pathways and endpoints, and predict the hazard potential of single
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chemicals and complex mixtures. The study also demonstrates how site-specific
exposure data can be used to characterise “risk” profiles and identify “risk” hot
spots, susceptible species groups (taxa), risk drivers, and MoA of relevance for a
given exposure scenario using bioassay data from different levels of biological
organisation. The proposed approach is anticipated to assist bioassay
development, exploit existing bioassay (effect) data, and support Integrated
Approaches to Testing and Assessment (IATAs) and more mechanistically
oriented hazard and risk assessment. Acknowledgements: Financing - RCN
268294 “Cumulative hazard and risk assessment of complex mixtures and
multiple stressors (MixRisk)”, and NCTP: NIVA’s Computational Toxicology
Program, NCTP (www.niva.no/nctp).

1.10.4

Poster spotlight: Multi-omics Analysis Reveals that Co-exposure to
Phthalates and Metals Disturbs Urea Cycle and Choline Metabolism

N. Papaioannou, Aristotle University of Thessaloniki / Chemical Engineering

1.10.5

Poster spotlight: Could we offer a comprehensive assessment of chemical
mixtures without previous knowledge of the individual components?

V. Lizano-Fallas, Linképing University

One Health and the Environment

1.11.1

Antibiotic and resistance gene occurrence in cattle manure and digestate of
anaerobic digestion plants fed with agrozootechnical waste

A. Visca, CNR-IRSA / Water Research Institute; A. Barra Caracciolo, National
Research Council / Water Research Institute; P. Grenni, National Research
Council of Italy (CNR) / Water Research Institute; J. Rauseo, F. Spataro, Italian
National Research Council / Institute of Polar Science; n. ademollo, IRSA-CNR /
Institute of Polar Science; L. Patrolecco, Italian National Research Council /
Institute of Polar Science; L. Rolando, G.L. Garbini, Italian National Research
Council / Water Research Institute; S. Rosa, ENEA-Italian Agency for New
Technologies / Energy and Sustainable Development, Laboratory of Biomass and
Biotechnology for Energy; A. Signorini, ENEA-Italian Agency for New
Technologies / Energy and Sustainable Development; F. Piccinini, ENEA
Department of Energy / Energy; G. Massini, ENEA-Italian Agency for New
Technologies / Energy and Sustainable Development, Laboratory of Biomass and
Biotechnology for Energy; V. Mazzurco Miritana, Italian National Research
Council / Water Research Institute

Antibiotics are essential for maintaining public and animal health and overall
quality of life. However, the presence of antibiotics in soil and water ecosystems
causes particular concern for the development of multi-resistant bacteria and
genes, which can be transferred in different ways to human and animals. For
example, huge amounts of antibiotics are used in livestock farms and their
persistence in the cattle manure can cause environmental contamination when it is
used directly as a biofertilizer. An innovative practice of energetic biomass waste
valorization is the use of manure in biogas plants. The possibility that the
anaerobic digestion process can affect the antibiotic residue presence and
antibiotic resistance gene abundances has not exhaustively investigated so far. In
this context, the number of ARGs responsible for sulfamethoxazole (SMX)
resistance (sull, sul2), ciprofloxacin (CIP) resistance (qnrS, qepA, aac-(6)-1b-cr)
and the mobile genetic elements intl1, together with antibiotic (SMX and CIP)
concentrations were measured in the input and output samples of various digesters
located in an agricultural area in Central Italy. The abundance of sull was
comparable among all farms investigated, with an average frequency (ARG/16S)
of 10-5. A similar frequency was found for the gene intl1, while sul2 showed a
higher average frequency of 10-4. CIP resistance genes showed different patterns:
qnrS gene was not detected, qepA was found with a frequency of 10-5 and aac-
(6)-1b-cr with an average frequency of 10-2. Some digesters showed a strong
seasonal influence, with a higher abundance of ARGs in summer samples,
however this result was not found in all plants. Moreover, no correlation between
ARGs and antibiotics was found, suggesting some co-selection events able to
promote ARGs spreading.

1.11.2

Implications of stereochemistry in antibiotic resistance - the stereoselective
metabolism of antibiotics by environmental bacteria

F. Elder, University of Bath; E.J. Feil, University of Bath / Biology and
Biochemistry; J. Snape, AstraZeneca UK Ltd. / Global Sustainability; W. Gaze,
University of Exeter / Medical School; B. Kasprzyk-Hordern, University of Bath /
Department of Chemistry

Antibiotic resistance (ABR) is recognised as a serious global health threat that is
most efficiently managed via a ‘one health’ approach which incorporates
environmental risk assessments. The environmental dimension of ABR in the past
has been largely overlooked, with recent studies underling the importance of non-
clinical settings in the emergence and spread of ABR. Despite this, a number of
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research gaps remain in regard to the drivers of ABR, these include the
development and fit-for-purpose environmental risk assessments for antibiotics.
Here we explore the implications of stereochemistry on the fate of antibiotics
within the environment and ABR. Molecular genetic approaches have greatly
increased our understanding of the evolution and spread of antibiotic resistance,
however there have been fewer studies on the dynamics of antibiotic-microbial
(A-M) interactions, especially with respect to stereochemistry. In order to address
this knowledge gap an interdisciplinary approach is required, along with the
development of sensitive and selective analytical tools. In order to address this a
novel approach for assaying bacterial resistance mechanisms in the context of A-
M interactions was developed utilising a combination of traditional microbiology,
whole genome sequencing and analytical chemistry. Chloramphenicol was used to
provide a proof-of-concept to demonstrate stereoselective metabolism by resistant
environmental bacteria. Our data confirms that chloramphenicol can be
stereoselectively transformed by environmental bacteria, possibly due to due to
the lack of historical exposure to one enantiomer.

1.11.3

Impact of personal history on health effects related to food contaminants

M. Pruvost-Couvreur, LABERCA UMR1329 INRA / Oniris Laboratoire dEtude
des Résidus et Contaminants dans les Aliments; G. Riviére, C. Béchaux, ANSES;
B. Le Bizec, LABERCA UMR 1329 INRA / Oniris Laboratoire dEtude des
Résidus et Contaminants dans les Aliments

Introduction: Classically, the risk for health due to dietary exposures is assessed
from short-term measurements of food consumption and food contamination. At
the individual level, this method does not allow us to consider either changes in
eating habits with age, or the evolution of food contamination with regulations. In
this study, a method to take these changes into account is proposed, based on
individual lifelong profiles. Method: A tiered method was developed, allowing the
consideration of certain behaviours or some demographic and socioeconomic
characteristics. To this end, correlations between selected parameters and dietary
exposures were studied. For significant variables, lifetime trajectories were
simulated, from which exposure trajectories were predicted. The evolution of
dietary exposure over time was also studied. Moreover, for bioaccumulative
substances, the lifetime body burden was simulated using a physiologically based
toxicokinetic model. Lastly, exposure and body burden trajectories were compared
with external and internal health based guidance values (HBGVs), respectively.
Results: On the examples of PCBs, cadmium and bisphenol A, dietary exposures
greatly varied with the dietary pattern or according to the sociodemographic
characteristics, as the region, the economic level or the marital status. Simulated
lifetime trajectories indicated the existence of exceedances of the critical
thresholds, reflecting a risk of adverse effect for individuals with a specific
profile. However, conclusions in terms of risk assessment varied according to the
selected HBGV and according to the approach (i.e. external exposure or body
burden). This underlined the importance of considering the kinetics of the
substance when calculating exposure and assessing the health risk. Discussion and
conclusion: Lifetime trajectories highlight the impact of certain behaviours on
dietary exposure and allow the identification of sub-populations more likely to
develop adverse effects because of their profile. The method presented here can be
extended to the study of other particular characteristics and to a large number of
chemicals.

1.11.4

Effects of heavy metals to neurodevelopment in a mother-infant cohort study.
A. Gabriel, Aristotle University of Thessaloniki / Chemical
Engineering/HERACLES Research Center on the Exposome and Health, Center
for Interdisciplinary Research and Innovation; N. Papaioannou, Aristotle
University of Thessaloniki / Chemical Engineering; V. Jejeya, 1. Petridis, Aristotle
University of Thessaloniki / Chemical Engineering/HERACLES Research Center
on the Exposome and Health, Center for Interdisciplinary Research and
Innovation; M. Fafouti, Aristotle University of Thessaloniki / Chemical
Engineering; M. Dickinson, Fera Science Ltd; M. Horvat, Jozef Stefan Institute;
S. Karakitsios, D. Sarigiannis, Aristotle University of Thessaloniki / Chemical
Engineering/HERACLES Research Center on the Exposome and Health, Center
for Interdisciplinary Research and Innovation

The neurodevelopmental exposome paradigm was applied on a 178 mother-infant
pairs cohort. Heavy metals prenatal exposure was determined to measure mercury
in hair samples selected at birth, while cord blood and breast milk samples were
analysed for mercury, cadmium, lead, and arsenic, as well as for essential
elements (selenium, zinc, copper). Cognitive function, language, and motor
development were assessed in children at the age of 18 months by the Bayley
Scale for Infant Development (Bayley-III) development tool. The individual-level
biological profiles were characterized using both nuclear magnetic resonance
(NMR) spectroscopy and mass spectrometry (MS) for the untargeted urinary and
plasma metabolomics analysis. Integrated pathway analysis and exposome-wide
association algorithms were used for the evaluation of the associations between in
utero exposure to metals and metabolic pathway dysregulation, as well as between
metabolic pathway perturbations and neurodevelopment. NMR and LC-MS/MS
analysis of plasma samples, as well as the analysis of urine samples, pointed out
the presence of oxoglutaric acid, oxalosuccinic acid, succinate, 2-oxoglutarate,
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formate, isocitrate, oxoglutaric acid, glycerol, L-carnitine, glutathione,
methionine, cysteine, pyruvate, N-acetylglutamic acid, f-alanine, serine, and
arginine. Therefore, pathway analysis revealed that the most perturbed metabolic
pathways from exposure to heavy metals were related to TCA cycle, purine,
pyrimidine, phospholipids and carnitine metabolism, and glycolysis. The
aforementioned results suggested major disturbances to cells biochemistry, which
resulted in the impairment of antioxidant defence mechanisms leading to the
clinically observed results in linguistic, motor development and cognitive
capacity.

1.11.5

Developmental nephrotoxicity of low-level chemical mixtures: implications
for chronic kidney disease of unknown etiology

R. Babich, University of Maine / Biochemistry; J. Ulrich, Duke University /
Department of Civil and Environmental Engineering; D.V. Ekanayake, University
of Ruhuna / Zoology; A. Massarsky, Duke University / Nicholas School of the
Environment; M. De silva, University of Ruhuna, Matara; P. Manage, University
of Sri Jayewardnepura; B.P. Jackson, Dartmouth College / Department of Earth
Sciences; L. Ferguson, Duke University / Civil and Environmental Engineering,
Nicholas School of the Environment; R.T. Di Giulio, Duke University / Nicholas
School of the Environment; I. Drummond, MDIBL; N. Jayasundara, Duke
University / Nicholas School of the Environment

Chronic kidney disease of unknown etiology (CKDu) is a global health concern,
potentially linked to childhood onset. Exposure to heavy metals, herbicides (e.g.,
glyphosate) and pesticides are thought to contribute to CKDu, but the precise role
remain widely debated since these compounds are found at levels considered safe
in affected regions. Notably, kidney developmental effects of these compounds at
safe levels, especially when in mixtures, remains unknown. Here, using zebrafish
Danio rerio, a toxicology and kidney disease model, we established effects of
exposure to (i) arsenic, cadmium, vanadium, lead and glyphosate mixtures, and
(ii) environmentally derived samples (e.g., from drinking water wells) from CKDu
endemic and non-endemic regions in Sri Lanka — a country that is significantly
affected. Histology studies and gene markers of kidney development and kidney
injury, and mitochondrial toxicity analyses showed mixture specific
developmental effects—e.g., kidney injury marker was increased with glyphosate,
but was reversed when in mixture with arsenic. Our metal and non-targeted
organic compound analyses also found nephrotoxic compounds at in drinking
water wells from CKDu areas. Collectively, results indicate that metal-mixtures,
even at safe levels, can impede kidney development, potentiating increased
susceptibility to other nephrotoxic compounds in the drinking water. Furthermore,
our study highlights that environmental chemistry analyses coupled with
toxicology studies are critical to understanding human health impacts of chemical
mixtures. Ongoing studies continue to focus on mitochondrial toxicity based
effected directed analyses of drinking water as well as examining kidney
morphology of indigenous fish species in CKDu affected regions.

Perspectives on Data Driven Biology: Applications and
Safety Assessments

1.12.1

Ecotoxicogenomic fingerprints of neuronal- and growth -targeting
insecticides in zebrafish embryos

H. Reinwald, Fraunhofer-Institut fiir Molekularbiologie und Angewandte
Ockologie IME / EconOMICs ATTRACT; J. Alvincz, Fraunhofer IME - Institute
for Molecular Biology and Applied Ecology / Fraunhofer Attract EconOMICs;
S.U. Ayobahan, IME Fraunhofer / Department of Aquatic Ecotoxicology; O.
Shomroni, G. Salinas, NGS - Integrative Genomics Core Unit / Human Genetics;
H. Hollert, Goethe University Frankfurt / Department of Evolutionary Ecology
and Environmental Toxicology; C. Schaefers, Fraunhofer IME - Institute for
Molecular Biology and Applied Ecology / Ecotoxicology; S. Eilebrecht,
Fraunhofer IME - Institute for Molecular Biology and Applied Ecology /
Fraunhofer Attract EconOMICs

EU legislation requires environmental risk assessment (ERA) data for the
registration of pesticides, biocides or pharmaceuticals. This inquires a large
number of time consuming animal studies. Consequently, alternative approaches
to screen for adverse effects are required. Novel tools such as omics, enable
scientists to assess the responses of tens of thousands of genes and their products
from a single sample, which bears a great potential for sensitive and informative
chemical risk assessment.

Using transcriptomics, our study aims to identify specific ecotoxicogenomic
fingerprints in the zebrafish embryo as aquatic vertebrate non-target model for two
neuronal- (Abamectin and Imidacloprid) and two growth-targeting (Clofentezine
and Spirotetramat) insecticides with known mode of action (MoA) in the target
organism. In a modified version of the FET (OECD TG 236), embryos were
exposed to different sublethal concentrations of the active compound.
Subsequently, RNA-Seq and differential gene expression studies were performed
and comparing high and low exposure conditions.

Although no visible physiological impairments or acute toxic effects were
observed for any tested substance, significant alternations in transcriptomic
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profiles were prominent in all tested concentrations. High exposure (HE) induced
far more differentially expressed genes (DEGs) (Independent hypothesis weighted
Wald’s t-test, p.adj < 0.05) than the low exposure (LE) condition. For all
substances, both conditions showed a large common subset of DEGs, ranging
from 85 to 96 % (with respect to LE). For the overlapping DEGs we found a clear
correlation in their regulation comparing the HE and LE condition, suggesting a
dose response relationship for those genes. Large sets of overlapping DEGs were
exclusively found for all insecticides in comparison to each other, suggesting their
suitability as molecular biomarkers.

The current study demonstrates that different insecticides with different MoAs
show distinct transcriptomic profiles in non-target organisms, even at very low
levels of exposure. If these profiles are MoA specific requires further
investigation. However, these findings will help to further develop an
ecotoxicogenomic signature-based molecular screening (e.g. in the zebrafish
embryo model) for a time- and cost-efficient as well as informative
ecotoxicological risk prediction to ensure the development of environmentally
safe active substances.

1.12.2

Metabolomics to decipher phytoplankton responses to silver nanomaterials in
aquatic environment

V. Slaveykova, University of Geneva / Département F.-A. Forel des sciences de
lenvironnement et de leau; W. Liu, University of Geneva / Department F.-A. Forel
for Environmental and Aquatic Sciences; S. Majumdar, A.A. Keller, University of
California Santa Barbara

The important advances in the omics- technologies opened novel avenues towards
uncovering the possible contaminant-induced effects in complex environmental
settings. Metabolomics, the youngest among -omics technologies, characterizes
low-molecular-weight molecules involved in different biochemical reactions and
provides an integrated assessment of the physiological state of an organism. This
feature makes the metabolomics well suited to study organism — environment
interactions. Nonetheless, very few studies use the metabolomics approach to
explore the contaminant-induced metabolic perturbations in phytoplankton.In the
present pilot study, the potential of the liquid chromatography - based
metabolomics to uncover the effects of AgNMs and dissolved Ag on
phytoplankton metabolism is explored. The particle-ingesting brown-yellow alga
Poterioochromonas malhamensis was selected as a representative of freshwater
phytoplankton. P. malhamensis was exposed for 24h to 20 nm citrate coated
AgNMs and the responses compared with those induced by the dissolved Ag and
unexposed controls. Total Ag and AgNMs uptake was also determined. AgNMs
suspensions in the exposure medium were characterized in terms of stability and
dissolution. Ninety primary metabolites were quantified by liquid chromatography
— mass spectrometry, including the antioxidants, amines, organic acids/phenolics,
nucleobase/side/tides, amino acids, sugar/sugar alcohols and fatty acids.The
results revealed that even forming the agglomerates of 300 nm size, AgNMs
accumulated in the vacuoles of P. malhamensis, disturbed its metabolism and
induced oxidative stress; a significant fraction of AgNMs — induced perturbations
originated from released dissolved Ag. Exposure to AgNMs and dissolved Ag
significantly influenced the amino acids metabolism, citrate cycle, photosynthesis
and photorespiration, as well as glutathione and fatty acid metabolism. The
implications of the obtained results for assessment of the toxicity and tolerance
responses in phytoplankton and for enabling a discovery of sensitive markers for
early warning are discussed.

1.12.3

Metabolomics approach reveals disruption of metabolic pathways in the
marine bivalve Mytilus galloprovincialis exposed to a WWTP effluent extract
T. Dumas, Université de Montpellier - UMR 5569 Hydrosciences / UMR 5569
Hydrosciences; B. Bonnefille, E. Gomez, Université de Montpellier UMR
Hydrosciences / UMR 5569 Hydrosciences; J. Boccard, University of Geneva /
School of Pharmaceutical Sciences; H. Fenet, F. Courant, Université de
Montpellier UMR Hydrosciences / UMR 5569 Hydrosciences

Conventional wastewater treatment plants (WWTP) discharge a highly diverse
range of organic contaminants in aquatic environments. Because of the high
demographic pressure, coastlines are affected by contaminant discharges through
the development of WWTP sea outfalls, but also by contributions from catchment
areas. The health of those important ecosystems could be threatened by
contaminant release. In this context, new approaches can be helpful to assess the
effects of multi-contamination on marine organisms without a priori knowledge.
Environmental metabolomics could be one of those approaches since it is able to
provide meaningful information on the biochemical response of organisms to a
stress. The aim of the present study was to applicate metabolomics approach to
highlight key metabolites disrupted by WWTP effluent exposure and then
elucidate the biological effects of such exposure on Mediterranean mussels
(Mytilus galloprovincialis). Mussels were exposed for 7 days in controlled
laboratory conditions to a vehicle or to a WWTP effluent extract (WEE)
corresponding to an environmental dilution of 5%. Metabolic fingerprints were
generated by liquid chromatography combined with high resolution mass
spectrometry. Moreover, to better understand these observed effects, the WWE
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was characterised based on a suspect screening approach of 80 contaminants in an
attempt to provide a first understanding of the relationship between observed
effects and contaminants. Key molecular events triggered by the WEE exposure
(modulation of amino acids, neurohormones, purine and pyrimidine metabolism,
Krebs cycle, etc.) which could lead to adverse outcomes on individuals
(reproduction, energy metabolism, osmoregulation, etc.) were highlighted. A sex-
specific response was also demonstrated showing the importance to consider sex
in the experimental design. Finally, 42 contaminants were detected in the WWTP
effluent extract and could be related to the observed effects.

1.12.4

Exploiting the concept of functional extrapolation to identify conservation of
toxicity pathways across species

C. Rivetti, Unilever / Safety and Environmental Assurance Centre SEAC; J.
Houghton, Unilever / Safety and Environmental Assurance Centre (SEAC); G.
Hodges, Unilever / Safety and Environmental Assurance Centre SEAC; S.
Gutsell, Unilever / SEAC; R. Kanapathywasam, Unilever / Safety and
Environmental Assurance Centre SEAC; P. Russell, Unilever / Safety and
Environmental Assurance Centre; A. White, Unilever / Safety and Environmental
Assurance Centre SEAC; B. Campos, Unilever / Safety and Environmental
Assurance Centre

Regulatory accepted Environmental Risk Assessment methodologies in
ecotoxicology have remained largely unchanged for decades. Traditional
approaches rely on the availability of toxicity data covering taxonomic groups in
relevant receiving environments. However, the limited availability of such data
and the desire to move away from in vivo testing means there is a recognized
increased need to rely on New Approach Methodologies (e.g. in silico, in vitro,
read-across, etc.) to fill data gaps. Yet, these alternative approaches are still
limited in both chemical and biological coverage. Opportunities for improvements
now present themselves with the increasing availability of large in vitro and in
silico (including molecular/genetic) data sets. In order to be able to further exploit
these data and prioritize needs, it is critical to compare and discern physiological
processes across species to better understand and ultimately predict responses and
toxicity outcomes for certain Modes of Action (MoAs) in the environment. An
increased understanding of cross-species conservation of pathways and toxicity
effects would catalyse a tangible shift toward adopting Next-Generation Risk
Assessment (NGRA) approaches and bridge the existent gap between Human
Health and Environmental risk assessment.While genomes for a vast collection of
different organisms are already publicly available, there is still an overall lack of
reliable functional annotation, often inferred from sequence-homology. In this
perspective, protein families inferred on structural domains may offer a more
relevant metric of relative functional conservation within a given pathway, than
the individual gene level.Overall, the goal of this project is to provide scientific
evidence to the process of functional pathway re-construction, thus reducing the
uncertainty inherent to cross-species extrapolation. Using a novel pipeline for
functional extrapolation of toxicity effects across species, here we present case-
studies that enable the identification of relevant toxicity pathway-conservation
levels across-species. We foresee that this approach will contribute in adding
weight-of-evidence to support risk-based decisions using functional conservation
of pathways across species and improving the confidence in how we can use data
from multiple sources.

Wildlife Ecotoxicology: From Sub-lethal Responses to
Adverse Effects at the Individual and Population Level

1.13.1

At risk: Preying on seals pushes killer whales from Norway above pollution
effects thresholds

C.M. Andvik, University of Oslo / Department of Biosciences; E. Jourdain,
Norwegian Orca Survey; A. Ruus, NIVA / Environmental Contaminants; J.L.
Lyche, Norwegian University of Life Sciences (NMBU) / Centre for
Environmental Radioactivity (CERAD); R. Karoliussen, Norwegian Orca Survey;
K. Borga, UiO / Department of Biosciences

Killer whales that feed on high-trophic prey are at a higher risk of adverse health
effects from biomagnifying pollutants, such as polychlorinated biphenyls (PCBs)
and mercury (Hg), due to increased exposure. Previous toxicological risk
assessments for the Norwegian killer whale population have assumed fish as the
sole prey source, and assessed the population as below established effect
thresholds. However, some individuals have been observed to feed on higher
trophic prey such as seals across multiple years and seasons. The aim of our study
was to model intra-population dietary preferences in the Norwegian killer whale
population, quantify differences in pollutant levels, and compare levels to
threshold values for possible toxic effects. Our study is the first to quantify
pollutants in seal-eating killer whales from Norway, to measure Hg levels in the
Norwegian killer whale population, and to measure Hg levels in the skin of the
killer whales. We collected biopsy samples from 38 killer whales, throughout all
seasons, in 2017 and 2018 in northern Norway. We quantified the stable isotope
ratios of carbon and nitrogen (313C and 515N, respectively) in skin, and with
corroboration from field observations assigned individuals as seal-eaters or fish-

17

eaters. Pollutant exposure was quantified by measuring organohalogen
contaminant (OHC) levels in blubber (n = 31), and total Hg levels in skin (n = 38).
The seal and fish-eating dietary groups had disparate and non-overlapping isotopic
niches. Higher 615N values in the seal-eating group, irrespective of sampling
season, indicated year-round predation on seals. We found higher levels of all
pollutants in the seal-eating than fish-eating killer whales. ZPCBs of seal-eaters (n
=7, mean = 56 pg/g L.w.) were three times higher than fish-eaters (n = 24, mean =
17 pg/g 1.w), and double as high as the levels previously used in risk assessments.
Total Hg levels in seal-eaters (n = 10, median = 3.95 ng/g d.w.) were twice as
high as in fish-eaters (n = 28, median = 1.79 pg/g d.w.). The higher XPCB levels
in the seal-eaters pushed all sampled individuals over the threshold value of 10
ng/g L.w established by the Arctic Monitoring and Assessment Programme
(AMAP) for a risk of immune and hormone system health. In contrast, only 46%
of the fish-eating whales exceeded this threshold. We show that by feeding on
higher trophic prey, the Norwegian killer whale population is at higher risk of
health effects from pollution than previously assumed.

1.13.2

Mercury modulated immune responses in Arctic Barnacle goslings (Branta
leucopsis) with viral challenge

B. Han, Wageningen University & Research / Dept of Toxicology; H.H. van den
Berg, Wageningen University / Division of Toxicology; M.J. Loonen, University
of Groningen / Arctic Center; N. van den Brink, Wageningen University / Dept of
Toxicology

Due to historical coal mining activities and global transport, mercury has been
detected in soil and vegetation at Arctic sites including Svalbard. Recent studies
have demonstrated that developing Barnacle goslings grazing in a former mining
area around Ny Alesund, Svalbard, showed significantly higher internal hepatic
mercury levels with adverse effects on brain receptor levels, behaviour but not on
baseline immunity. However, little is known about the potential effects of mercury
exposure in arctic goslings on their immune response upon viral infection. In the
current study, 18 newly hatched (0 days old) barnacle goslings were collected at
Indre Bregyane, an uncontaminated island near Ny-Alesund. and randomly
assigned to different treatment groups: a control group (herded in a control area
with Actric background exposure levels), a mining group (herded in the old
mining site, environmentally exposed to elevated mercury levels) and the
additional mercury group (herded in the old mining site with extra mercury-
containing additional feeding). Activation with Poly I:C, to induce anti-viral
immune responses, was conducted on day-19 via intraperitoneal (i.p.) injection,
24h before termination of the experiment. Immune indicators including leukocytes
populations, natural antibodies and nitric oxide levels were found to be influenced
by mercury exposure even at low, environmentally relevant levels. Natural
antibody levels declined with increasing mercury exposure, while nitric oxide
levels only lifted significantly in the mining group and went back to the baseline
levels in extra mercury group. Our results suggested that even at low
environmentally relevant levels, mercury exposure can modulate the anti-viral
immune responses in Arctic Barnacle goslings. These adverse effects are related
to the dose although not always uni-directional. More details on the dose-response
relationships will be provided in the presentation, but results indicate that
exposure to low Hg-levels may lead to an affected host defense to viral challenges
in Arctic Barnacle goslings at the individual level, which may cause increased
susceptibility of infections.

1.13.3

Embryotoxicity of diluted bitumen applied to eggshells of wild double-crested
cormorants and domestic chickens

M.D. King, Simon Fraser University / Biological Sciences; J.E. Elliott,
Environment and Climate Change Canada / Science and Technology Branch
Ecotoxicology and Wildlife Health Division; V. Marlatt, Simon Fraser University
/ Biological Sciences; T. Williams, Simon Fraser University / Department of
Biological Sciences

Breeding birds that become oiled may return to incubate their eggs, but even small
quantities (>1 mg) of conventional crude oils are embryotoxic when applied to the
exterior of the eggshell. Therefore, we investigated whether an unconventional
Alberta oil sands product, diluted bitumen (dilbit), was toxic to embryos of two
species, domestic chickens (Gallus gallus) and wild double-crested cormorants
(Phalacrocorax auritus). We incubated embryos in artificial egg incubators and
applied various doses of lightly weathered dilbit (Cold Lake blend) ranging from 1
to 20 mg to the eggshells during early or late embryonic development. In both
species, eggshell oiling with dilbit caused no significant decrease in embryo
survival at sampling (80-85% embryonic development), and we found few effects
on physiological endpoints related to growth, relative liver size (liver somatic
index) and aerobic capacity. To investigate more subtle effects on liver function
and metabolism associated with embryotoxicity, qPCR gene expression analyses
on embryonic livers are underway and will be presented. We will also describe the
physicochemical properties of the dilbit used in this study and its toxicity
compared to similar studies with conventional crude oils. To date, this study
indicates that even considerable amounts of lightly weathered dilbit transferred to
the avian eggshell by incubating parents (up to 10-20 mg, approximately 9-19 pl)
is unlikely to cause pre-hatch mortality in embryos of a domestic and wild avian
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species, although effects on gene expression are still under investigation.

1.13.4

Experimental analysis of the impact of the seeds treated with triazoles
fungicides on the physiology and reproduction of the Red Partridge

E.F. Vizcaino, M. Garcia Fernandez de Mera, Instituto de Investigacion en
Recursos Cinegeticos; F. Mougeot, IREC; R. Mateo Soria, IREC (CSIC- UCLM)
/ Grupo de Toxicologia de Fauna Silvestre; M. Ortiz Santaliestra, Spanish Institute
for Game and Wildlife Research (IREC) UCLM-CSIC-JCCM

The agricultural intensification that has occurred since the middle of the last
century and the use of agrochemicals are among the main risks for wildlife
associated with these environments. The treatment of seeds with pesticides is an
extended practice in the current agriculture. In particular, triazole fungicides are
the most widely used products to treat cereal seeds, so there is a high risk of
expsoure of granivourous species such as red-legged partridge (A/lectoris rufa) that
can consume those seeds that remain on the surface during sowing. Triazole
fungicides can act as estrogenic disruptors altering the synthesis of hormones and
therefore reducing the reproductive capacity of the partridges, which in the long
run can be translated into a decline of their populations. This work aims to
determine the mechanism of action of these fungicides on the partridges by
analyzing changes in gene expression involved in the synthesis of sterols and in
the levels of steroid hormones in exposed animals. To this end, we conducted an
exposure test of adult partridges to treated seeds with four different formulations
containing triazoles as active ingredients (flutriafol, protioconazole, tebuconazole,
and a mixture of the latter two).We also tracked reproduction, analyzing clutch
sizes and rates of fertilization and hatching of eggs. The results show that the all
treatments produced biochemical changes and an overexpression of different
genes related to the synthesis of sterols and steroid hormones. We detected
adverse effects on reproduction, including a decrease in estradiol in partridges
exposed to tebuconazole and a delay in the beginning of laying season in those
exposed to flutriafol. These results demonstrate that the seeds treated with triazole
fungicides have effects on different physiological and reproductive parameters of
the red-legged partridge and is a factor to consider in the decline of birds in
agricultural environments to propose measures for habitat improvement and
possible amendments in current protocols of environmental risk assessment of
pesticides Keywords: treated seeds, estrogenic disruptors, fungicides triazoles,
Alectoris rufa.

1.13.5

Stress response gene expression markers and their relation to metal
concentrations in blood of Sdo Tomé endangered green sea turtles (Chelonia
mydas)

1. Mordo, R. Felix, Polytechnic of Leiria/ MARE Marine and Environmental
Sciences Centre; S. Vieira, Associagdo Programa Tatd; C. Barata, CSIC /
Environmental Chemistry; M.F. Lemos, Instituto Politécnico de Leiria/ MARE
Marine and Environmental Sciences Centre; S. Novais, Polytechnic of Leiria /
MARE Marine and Environmental Sciences Centre

Due to their complex life, sea turtles are susceptible to changes in the
environment. Metals are persistent in the environment leading to bioaccumulation
processes that can have harmful effects on marine organisms. Through
ecotoxicological studies, combining chemical contaminant analysis with
physiological effects on the organisms, improved conservation and management
actions of endangered sea turtles can be expected, which are crucial to maintain
and monitor the ecosystem quality. Sdo Tomé¢ island harbours important sea turtle
nesting and feeding grounds, however no study of metal contamination has been
made in the archipelago. Thus, the aims of this study were to assess metal
contamination on the blood of green sea turtles (Chelonia mydas) of ST island,
identify suitable biomarkers of stress response and metal transport and/or
detoxification and infer about potential impacts of metals on their population. The
results suggest that almost 80% of metallothionein (m?) expression is significantly
related with the metal levels (e.g. Hg and Cu) proving its function in protection
and conjugation under metal contamination. Between the tested antioxidants, the
best General Linear Model (GLM) found were for thioredoxin interacting protein
(tdx) and catalase (cat) expressions which indicate that these could be the first line
of defense against oxidative stress in this species — 52% of their expression
variability is explained by metal contamination (mostly Cd for tdx and Cd*Hg for
cat). The remaining antioxidants (sod, txrd, gclc and selp) presented similar values
of expression variability that could be attributed to the presence of metals —
between 40-50% - suggesting that these genes might be working together in the
protection against metal contamination. Moreover, GLM models showed that
some genotoxic effect might be occurring on this species due to metal
contamination, since the model indicates that the appearance of micronuclei can
be explained in 65% by metal contamination (e.g. Cu, Mn and Hg). Consequently,
this study suggests that green sea turtles from Sdo Tomé Island are responding to
the oxidative stress and damage induced by metals through the increased
expression of genes coding for antioxidants and metal transport/detoxification
proteins. This study also identified possible candidate biomarker genes to be used
in future biomonitoring studies of the marine environment using Chelonia mydas
as metal pollution sentinel.
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Aquatic and Terrestrial Plant Ecology, Ecotoxicology and
Risk Assessment

2.01.1

Glyceria maxima: Development of an OECD Test Guideline

J. Davies, Syngenta / Environmental Safety; G. Arts, Wageningen Environmental
Research - WUR / Environmental Risk Assessment; R.J. Isemer, Bayer Ag /
Environmental Safety - Environmental Effects; J. Kubitza, BASF SE; M. Ratte,
ToxRat Solutions GmbH & Co. KG

In 2014, a Workgroup affiliated to the SETAC Plant Interest Group was formed
with the objective of developing a test guideline for assessing the effects of
chemicals on the rooted, emergent macrophyte Glyceria maxima in a water-
sediment system. Since this time, the workgroup has performed two ring-tests.
The first ring-test was completed by 13 laboratories during 2016 and 2017 with
the herbicide, isoproturon, and the primary objective of establishing the necessary
test duration (i.e. 14 or 21 days). Results from this ring-test were used to adapt the
test protocol in terms of plant propagation recommendations, test system
specification, test duration (14 days), assessment parameters and draft validity
criteria. The revised protocol was used in a second ring-test with the herbicide,
imazapyr in 11 laboratories during the Summer/Autumn of 2018. The primary
objective of this ring-test was to determine the feasibility of assessing effects on
root growth. Results of this ring-test showed that shoot assessment parameters are
more reliable than root endpoints and hence, the protocol has been further revised
to remove root assessments. In April 2019, this work was accepted as an OECD
Test Guideline project and preparations are underway for a further ring-test in
2020. Meanwhile, a workshop is planned for Spring 2020 to allow participants to
share best practice for plant propagation and test conduct. This presentation will
summarize data generated to date and discuss progress towards delivery of an
OECD Test Guideline.

2.01.2

Ecotoxicity Testing of Water Plants under Flow-Through Conditions

S. Hoger, Innovative Environmental Services (IES) Ltd / Environmental
Toxicology; A. Peither, A. Dupont, Innovative Environmental Services IES Ltd; J.
Schreitmiiller, Innovative Environmental Services (IES) Ltd / Ecotoxicology

The investigation of ecotoxicological effects of compounds, for which the
concentrations cannot be kept constant during the test, is either carried under
semi-static or flow-through conditions. While testing of fish toxicity under flow-
through conditions is quite standard, and also for invertebrates (e.g. daphnids)
suitable systems have been introduced, growth inhibition testing of aquatic plants
under flow-through conditions is still challenging. EFSA Technical report
2015:EN-924 requires that a test compound is still present in at least quantifiable
levels at test end. In case of compounds for which the concentrations decrease
significantly during the testing period, the sensitivity of the analytical method has
to be improved or, more appropriate, suitable measures have to be taken in order
to renew the test water continuously during the test to maintain the concentrations
at a stable level. This presentation describes the growth inhibition testing of
Lemna gibba and Myriophyllum spicatum, as representatives of mono - and
dicotyledonous aquatic plant species, under flow-through conditions. In the case
of Lemna gibba, the volatility and hydrolytically instability of the test compound
did not allow the testing under semi-static conditions. For Myriophyllum spicatum,
a water soluble and hydrolytically stable test compound was tested, but the
presence of the compound in the system promoted bacterial growth leading to
further biodegradation of the test compound and the substances was suspected to
be used as energy source for the plant itself as well. In both cases (Lemna sp. and
Mpyriophyllum sp. test) continuous water renewal by a flow-through system
maintained the concentrations at a stable level. The system is based on flexible
mechanical components, which are already successfully in use for acute and
chronic fish and daphnids toxicity testing under flow-through conditions. By
introduction of specifically designed vessels, the system can now also be used to
fulfil the validity criteria as described in OECD 221 (Lemna gibba) and OECD
238 (Myriophyllum spicatum) and to maintain the concentrations of these difficult
test compounds in the range of 80% to 120% recovery. Details in terms of test
design as well as biological and analytical results will be presented.

2.01.3

A question of complexity: Investigating regime shifts caused by agricultural
run-off and climate warming between aquatic plants and microalgae in
micro- and mesocosms

E.M. Gross, CNRS UMR 7360 / Université de Lorraine / Laboratoire
Interdisciplinaire des Ecosystemes Continentaux; V. Vijayaraj, Laboratoire
Interdisciplinaire des Environnements Continentaux (LIEC) CNRS UMR 7360;
N.L. Amoussou, Université de Lorraine LIEC CNRS UMR; N. Kipferler, LMU
Miinchen / Aquatic Ecology; J. Allen, Université de Toulouse / ECOLAB UMR
CNRS 5245; C. Courcoul, University of Toulouse / ECOLAB UMR CNRS 5245;
B.H. Polst, Helmholtz centre for environmental research - UFZ / Department of
Bioanalytical Ecotoxicology; M. Laviale, Universite de Lorraine; G.A. Lopez
Moreira Mazacotte, Institute of Freshwater Ecology and Inland Fisheries (IGB); F.
Holker, Leibniz Institute of Freshwater Ecology and Inland Fisheries /
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Ecohydrology; J. Leflaive, ECOLAB UMR 5245 CNRS; M. Schmitt-Jansen,
Helmholtz Centre for Environmental Research UFZ / Bioanalytical
Ecotoxicology; S. Hilt, Leibniz Institute of Freshwater Ecology and Inland
Fisheries / Ecosystem Research; H. Stibor, Ludwig-Maximilians-University
Munich / Department of Biology

Shallow aquatic systems are frequent in agricultural regions. They often suffer
from enhanced anthropogenic eutrophication and from organic or inorganic
pesticides. Their good ecological status is a clear water state dominated by
submerged macrophytes. Turbid water due to phytoplankton blooms represents a
bad ecolog-ical state. However, regime shifts between both states occur depending
on the level of disturbance acting on the system. Our French-German project
CLIMSHIFT investigates how agricultural run-off (ARO) composed of nitrates,
copper and organic pesticides in combination with climate warming affects such
systems. We use indoor microcosm and outdoor mesocosm approaches to
investigate at different spatial and temporal scale the impact of ARO on the first
two trophic levels in these ecosystems. The microcosms were inoculat-ed with
selected strains of planktonic and benthic algae and three different species of
macrophytes as pri-mary producers, and Daphnia magna, Dreissena polymorpha
and Lymnaea stagnalis as primary consumers. The mesocosms received inoculates
of phytoplankton, periphyton and zooplankton from a natural lake, and otherwise
the same organisms as used in the microcosms. Microcosms ran for 4 weeks after
ARO addition, mesocosms for 8 weeks. Temperature was 22 and 26°C for the
microcosms, and ambient +3°C for the mesocosms. Microcosms received one
high dose of ARO (‘3X’), with or without nitrates, while we used a gradient
approach between 0 and the high dose of ARO in the mesocosms. In the
microcosms, ARO caused a strong algal bloom about 1 week after addition, and
only towards the end of the experiment, Daphnia populations slowly developed.
The size of L. stagnalis was also smaller in ARO treatments, causing less grazing
on macrophytes and periphyton. Myriophyllum spicatum grew better in the
controls than in the ARO treatment, and this effect was more pronounced at higher
temperature. In the mesocosms, an effect of ARO was observed mostly in the
ambient temperature treatments, where phytoplankton development increased with
ARO level, while effects were random in the heated mesocosms. M. spicatum
grew more slowly in the higher ARO treatments, and flowering was delayed.
Snails were also smaller in the higher ARO treatments, both at ambient and heated
conditions. In our presentation, we will outline the major results from both
experiments and conclude on similarities and differences, and reasons for this due
to upscaling from indoor microcosms to outdoor mesocosms.

2.014

Based on field data, is the current standard risk assessment for NTTPs at the
EU-level sufficiently protective?

H. Christl, Tier3 Solutions GmbH / Regulatroy Affairs; T. Hoen, Tier3 Solutions
GmbH; U. Zumkier, Tier3Solutions

The current European risk assessment (RA) for no-target terrestrial plants (NTTP)
is based on two OECD test guidelines (208 and 227) (or the corresponding
OCSPP guidelines) typically performed with ten plant species each. Under
Regulation 1107/2009 the lowest ER50-endpoint of both tests and all test species
is the basis for the RA, considering an assessment factor of 5. The procedures for
testing and assessing Plant Protection Products (PPPs) on NTTPs are currently
under discussion, and a number of fundamental changes are proposed that would
lead to a more conservative initial RA, and consequently also to more frequent
needs of higher-tier testing, including reproductive endpoints and field-testing. In
order to address the question whether the current EU standard risk assessment for
NTTPs is sufficiently protective, we matched existing higher-tier endpoints with
the regulatory relevant rates (RARs ) defined by the current European risk
assessment procedure. Fundamentally, Risk quotients were calculated dividing the
RAR by the field NOER endpoints, specifically including (but not restricted to)
reproductive parameters. Any field NOER higher than the RAR indicates that the
current standard RA was protective (RQ < 1). Based on the datapairs evaluated so
far (work ongoing), the vast majority of cases indicate that, at exposure levels
considered safe based on the current standard RA (the RARs), no effects were
observed in the field. Often these test rates were even equivalent to “no effect
concentrations” (i.e. ECO0). There are a few exceedances, which will be discussed.
Decreasing numbers of plant species have been recorded from many European
edge-of-field habitats, and corresponding reductions in biodiversity can no longer
be ignored. Many authors observerd a correlation with pesticide use, and have
postulated a causal realtionship. This is however in contrast to the field data
assessed here, where generally no adverse effects on populations were observed at
exposure levels considered safe based on the current standard RA in the EU. The
implications of these seemingly contradictory findings will be discussed.

Bees, Bugs and Beneficials in Environmental Risk
Assessment and Testing

2.02.1

Effect of agricultural landscape structure on response of the two consecutive
generations of the ground beetle Poecilus cupreus to Proteus 110 OD
insecticide
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G.S. Sowa, Institute of Environmental Sciences, Jagiellonian Univeristy /
Biology; A. Bednarska, Polish Academy of Sciences / Institute of Nature
Conservation; R. Laskowski, Jagiellonian University / Terrestrial Ecology &
Ecotoxicology Group

The widespread use of pesticides and changes in landscape structure leads to the
loss of the biodiversity. During SETAC Europe 2019 we showed that field
collected (FO generation) beetles (Poecilus cupreus) from large oilseed rape
monocultures exhibit increased resistance to Proteus 110 OD insecticide (active
ingredients: Thiacloprid and Deltamethrin). This raised the question if the
resistance is a result of short-term acclimation or adaptation. Here, we investigated
the effect of agricultural landscape structure on the response of P. cupreus lab-
bred F1 generation to Proteus 110 OD and compared the resistance in FO and F1.
The FO beetles were collected from landscapes dominated by small- (S) or large-
scale (L) farming. In both landscapes there were 3 areas with 3 sites each: with
small oilseed rape coverage (ORC; 10-14%; SS), medium ORC (20-52%; SM)
and reference with no ORC (S0) in S landscape and with medium ORC (28-33%;
LM), large ORC (80-98%; LL) and no ORC (L0) in L landscape. Some beetles
were used for FO resistance test and the remaining were bred to obtain F1
generation. Individuals in each generation were exposed to a single topical
application of 1 pl of the insecticide or control solution applied on scutellum with
a Hamilton syringe with repeater. The pesticide commercial formulation was
dissolved in acetone to obtain the concentration equivalent to 0.2 recommended
dose for field use. Statistical analysis revealed significant differences in beetles
survival (p< 0.001) both in FO and F1. Median survival times (LT50 in days) in FO
populations from meadows SO (LT50=7.3+4.42 SE) and L0 (10.3+£1.97 SE) did
not differ from each other (p=0.5). Similarly, no difference between SO and LO
populations was found in F1 survival (p=0.1) but the LT50s were generally much
shorter: SO LT50=0.4+0.97 SE and L0 LT50=0.25+0.09 SE. However, F0 beetles
from LM (23.3+1.64 SE) and LL (21.3+3.41 SE) and F1 beetles from LM
(11.0+0.77 SE) and LL (8.0+1.37 SE) survived significantly better than any other
group compared to reference habitats. Our results indicate that P. cupreus beetles
from habitats with medium and high ORC exhibit some sort of resistance to the
used insecticide, but only if they live in a large-scale agricultural landscape. To
confirm that the resistance is inheritable, the test will be repeated on F2
generation. Studies supported by National Science Centre, Poland
(2016/23/N/NZ8/01679) and Jagiellonian University in Krakéw, Poland
(DS/WBiN0Z/IN0S/759/2018).

2.02.2

Can flower strips mitigate negative effects of a mixture of plant protection
products to honey bees in a semi-field approach?

D. Castle, Julius-Kuehn-Institute / Institute for Bee Protection; A. Alkassab, Julius
Kihn-Institute / Institute for Bee Protection; I. Steffan-Dewenter, University of
Wiirzburg / Department of Animal Ecology and Tropical Biology; J. Pistorius,
Julius Kuhn-Institut / Institute for Bee Protection

Honey bee health has been reported to be affected by multiple factors including
food resource quality, exposure to agrochemicals and pressure of pests and
pathogens. Currently, concerns are growing about potential interactions between
multiple stressors and their impacts on bee health. Maize pollen are considered to
have low nutritional value for honey bees and is mostly collected by bees during
late summer in some specific landscape according to shortage of other flowering
plants. In the current study, the interaction between different nutritional pollen
sources and/or exposure to plant protection products (PPPs) and their effects on
honey bee health were investigated. A semi-field study with sixteen tents with
different pollen quality for honey bees were realized: maize with less pollen
quality and tents planted with 50% maize and 50% flower mixtures with diverse
pollen qualities. Additionally, the variants were sprayed with a tank mixture of the
fungicide Prochloraz and the neonicotinoid Thiacloprid. Various parameters were
investigated such as mortality of adults, larvae and pupae, activity of
detoxification enzymes, weight and longevity of newly emerged bees. Newly
emerged bees from colonies foraged in tents with untreated maize and a diverse
flowering strip show higher survival rate than bees with untreated monotonous
maize diet. The application of a PPP mixture reduced the survival rate of emerged
bees in both variants. There were no statistical differences in the longevity
between bees from colonies in the untreated maize and bees from colonies foraged
in treated tents contained maize and a flowering strip. Activity of the primary
detoxification enzyme P450 reductase was higher in the abdomen of newly
emerged bees compared to larvae. After application of a PPP mixture, bee larvae
origined from tents contained flower strips in addition to maize showed higher
enzyme activity than bees from tents contained only maize. Our study shows for
the first time that a diverse diet due to flower strips may have positive effects
(longevity and physiological) on honey bee colonies compared to a poor
monotonous diet with maize under semi-field conditions. This effect can also be
seen in colonies exposed to a mixture of the fungicide Prochloraz and the
neonicotinoid Thiacloprid. Development of flowering resources in agricultural
fields, especially in late summer, may be an effective approach to maintain bee
health and their response to PPPs.

2.02.3
A feeding study with a sublethal neonicotinoid dosage: observed effects by
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conventional assessment methods and a novel Al based visual monitoring
technology.

S. Knaebe, EAS Ecotox GmbH / Ecotox Field; K. Schmidt, F. Tausch, APIC; G.
Gonsior, Eurofins Agroscience Services Ecotox GmbH

Feeding experiments are standard tools in pollinator risk assessment. The Oomen
study design was developed to test insect growth regulators and herbicides. In
recent years, the outline of the study design has been adapted, in order to allow the
testing of different dosages in the same environment. With its help, insights into
the cause-and-effect relationships of different concentrations can be used to
determine the best dosage, thus reducing the uncertainty of risk to pollinators. The
main objective of the presented experiment was to determine the real variability of
forager losses of hives fed with a sublethal neonicotinoid concentration compared
to an untreated control group. Additionally, the hive monitoring system assessed
other observable sublethal effects as a result of neurotoxic exposure. Lastly, the
correlation between the monitored forager loss and the manual hive development
assessment was evaluated. The study setup consisted of a treated group of 4 hives
and a control group of 4 hives. Over a ten-day period, the treated group was fed a
500 g sugar solution containing 200 pg of imidacloprid/kg. The control group was
fed plain sugar solution. As is customary, dead and moribund bees were collected
in dead bee traps to determine the number of bees killed. Meanwhile, the colony
strength was estimated, changes in behaviour were observed and the hive weight
was recorded. Aiming to evaluate the correlation between the actual total daily
loss of bees and the results of the manual assessment, we used a novel Al
(Artificial Intelligence) based visual bee monitoring system. The technology
developed by apic.ai analysed video footage of the hive entrance to deduce the
daily losses of foragers, the start and end times of foraging activities as well as
temporal changes of activity. The latter function will be used to measure sublethal
effects. Our results will display the data from the feeding period as well as the
four months following exposure.

2.02.4

Fungicides, herbicides and effects on bees: where are the gaps?

M.G. Cullen, Maynooth University / Department of Biology; L. Thompson,
University College Dublin / School of Agriculture and Food Science; J.C.
Carolan, Maynooth University / Department of Biology; J.C. Stout, Trinity
College Dublin / School of Natural Sciences; D.A. Stanley, University College
Dublin / School of Agriculture and Food Science

Plant protection products (PPPs), including insecticides, herbicides and
fungicides, are used widely in modern agriculture. Although designed to deal with
pest, disease and weed problems, they can also come into contact with beneficial
organisms in the environment such as bees which may be providing pollination
services to crops. In recent years, there has been a focus on the impacts of
insecticide use on bees and although fungicides and herbicides are more widely
used little is known about the potential impacts of these groups of PPPs on bees.
Here, we review the research methods and approaches used in the existing
literature on the potential impacts of fungicides and herbicides using a systematic
review. We find that the majority of studies have been carried out in Europe and
USA, with little from elsewhere globally. Must work has focused on mortality and
sub-lethal effects in honeybees and investigation into effects on other bee species
are lacking. We suggest a number of areas for further research to improve the
knowledge base on potential effects of herbicide and fungicide use on bees, to
inform sustainable use of these compounds and improve risk assessment. This
work is part of the Irish PROTECTS project (Protecting terrestrial ecosystems
through sustainable pesticide use),which will also be discussed in the context of
ongoing work within this project.

2.02.5

A comparative analysis of active ingredient and commercial formulated
glyphosate on the brain and gut proteome of the bumblebee Bombus
terrestris.

M.G. Cullen, Maynooth University / Biology; L. Bliss, K. Sheridan, Maynooth
University / Department of Biology; D.A. Stanley, University College Dublin /
School of Agriculture and Food Science; J.C. Carolan, Maynooth University /
Department of Biology

Pollinating insects provide vital services for food crop production and ecosystem
functioning; however, many species are currently in decline in abundance and
diversity around the globe. Drivers of this decline include disease, habitat loss and
pesticide use. Although significant research on the impacts of insecticides exists
little is known about the effects of non-insecticidal pesticides, such as herbicides
and fungicides, on insect pollinators. To address these gaps, the PROTECTS
(Protecting Terrestrial Ecosystems Through Sustainable Pesticide Use) project
was established to provide baseline information on understanding and mitigating
the effects of pesticide use on terrestrial ecosystem services, focusing on Bombus
terrestris as a model insect pollinator. Using mass-spectrometry based proteomics,
we characterized glyphosate effects on the neuronal and digestive systems of B.
terrestris, to determine whether cellular and physiological processes are altered at
the molecular levels. In addition, we investigated whether differences in effect
occur when glyphosate was used alone (active ingredient; Al) or as part of a
commercially sourced formulation (hereafter CF-A). Chronic exposure over 5
days to Al and CF-A resulted in changes in protein abundances for both brains
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and digestive tracts (DTs). Higher numbers of differentially abundant proteins
were identified in brains compared to the DTs although the range of relative fold
change was greatest in DTs. Both Al and CF-A resulted in the differential
expression of core sets of proteins highlighting a glyphosate specific
response/effect regardless of source. However, key differences were also
identified suggesting that the adjuvants found in commercial formulations may
also alter the bumblebee proteome. Gene Ontology analysis resolved proteins
associated with metabolism that were affected by both Al and CF-A exposure in
the brain. In the digestive tract, metabolism, cellular organization and stress-
responses are most affected in Al-exposed bees whereas metabolism and some
stress-responses were observed in CF-A exposed bees. This study demonstrates
the potential for proteomics to assess pesticide effects on non-target organisms
where no known mode of action has been established. Furthermore, we highlight
potential issues with using Al pesticides alone when assessing potential effects, as
many pesticides are applied as part of commercial formulations which contain
other ingredients potentially toxic to insects.

2.02.6

A multibiomarker approach to evaluate the impact of anthropogenic
contaminants on the ecotoxicological status of honey bees, Apis mellifera

L. Caliani, University of Siena; T.C. 1, Universita di Siena / Science of Earth
physics and environment; A. Ammendola, University of Siena; B. Conti, S.
Bedini, F. Cosci, University of Pisa, Italy; A. Di Noi, A. Gori, University of
Siena; F. Bellucci, University of Siena / Department of Physical, Earth and
Environmental Sciences; L. Giovannetti, University of Siena; S. Casini,
University of Siena / Scienze Fisiche della Terra e dellAmbiente

A rapid decline of Apis mellifera, a keystone pollinator of wild plant species and
agricultural crops, was recorded worldwide in recent years. The massive use of
insecticides and fungicides in agriculture associated with pollution generated by
other human activities and presence of parasites can cause toxicological effects in
bees including a decrease of the immune defences, leading to the collapse of the
colonies. Effective assessment of the ecotoxicological impacts of anthropogenic
contaminants requires an approach that combines different biomarkers that enable
a more precise diagnosis of exposure to environmental stressors through a
combination of different biological responses. The aim of this study was to
develop and apply a set of biomarkers to study the ecotoxicological status of
honey bees. In the first phase, we investigated in the laboratory the effects of
EMS, cadmium and a commercial fungicide (azoxistrobin 18.2% and
ciproconazole 7.3%) in adult honey bees, evaluating eventual variation in
glutathione S-transferase (GST), carboxylesterase (CaE), acetylcholinesterase
(AChE) activities, alkaline phosphatase (ALP), lysozyme, erythrocyte nuclear
abnormalities (ENA) assay and differential haemocytes count (DHC). Genotoxic
effects, as well as alteration of the immune system, were found in bees treated
with EMS, cadmium or the fungicide. Cadmium and the fungicide also inhibited
ACHhE and CaE activities, GST was induced by all the compounds investigated. In
the second phase, adult honey bees were collected from apiaries located in four
environments characterized by different chemical input: a wooded environment
(low input), an urban site, an orchard and a cultivated countryside site. Honey
bees from the urban site were also collected and analyzed before and after
treatment for parasites. ENA assay showed that bees taken from the countryside
and the orchard had a greater number of abnormalities compared to the forest,
confirming the presence of genotoxic substances in agricultural environments
compared to control environments. GST activity was induced in bees from the
urban environment, AChE was inhibited in the countryside compared to the forest,
suggesting the presence of substances with neurotoxic effect in this environment.
ALP activity was induced in all sites in comparison to wooded one. The bees
collected after the parasites treatment showed an increase for GST activity as well
as AChE inhibition.

Contaminants in Highly Exposed Wildlife: Interactions of
Contaminants, Climate Change, and Other Environmental
Stressors

2.03.1

Landfills represent significant atmospheric sources of exposure to
halogenated flame retardants for urban-adapted gulls

M. Sorais, University of Quebec / Biological Sciences; M.J. Mazerolle, Laval
University / Wood and Forest Science; J. Giroux, University of Quebec at
Montreal / Biological Sciences; J. Verreault, University of Quebec, Montreal /
Biological Sciences

A large suite of halogenated flame retardants (HFRs) including polybrominated
diphenyl ethers (PBDEs) and certain emerging HFRs have been determined in
tissues of ring-billed gulls (Larus delawarensis) nesting in the Montreal area
(Quebec, Canada). More specifically, elevated concentrations of the highly
hydrophobic DecaBDE were reported in ring-billed gull plasma, and spatial
tracking showed that these concentrations in males were correlated with the time
spent in specific foraging habitats such as landfills. Landfills are known hotspots
of emissions for HFRs, which are efficiently transported in the atmosphere.
Hence, gulls feeding in and around landfills may be exposed to these chemicals
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via dust and particle ingestion and inhalation. However, no method has yet been
developed to measure this type of exposure. Therefore, we recently designed a
miniature passive air sampler that can be carried by gulls and collect gas- and
particle-phase HFRs in air. The present study aimed to a) quantify HFRs in air
that ring-billed gulls are exposed to when breeding in the Montreal area, b) to
model the contribution of landfill use on the daily sampling rates of HFRs in the
samplers, and c) to localize the sites that contributed the most to the atmospheric
exposure to HFRs at the regional scale. We equipped 67 nesting gulls with a
miniature passive air sampler and a GPS datalogger in order to collect HFRs in air
while monitoring their movements outside the colony during two weeks. HFRs
were extracted from the sorbents of the samplers (polyurethane foam and glass
fiber), and were identified and quantified using a gas chromatograph coupled to a
single quadrupole mass spectrometer. The major PBDE congeners determined in
the samplers were characteristic components of the commercial mixtures
PentaBDE (BDE-47 and -99) and DecaBDE (BDE-209). Also, a few emerging
HFRs (hexabromobenzene, Dechlorane-604 CB, and Dechlorane plus) were
detected, although at lower levels. The daily sampling rates of PBDE mixtures
were positively correlated with the presence probability of gulls in landfills, but
not the emerging HFRs, which suggests alternative sources for these chemicals.
This study showed that landfills represent major environmental sources of
atmospheric exposure to PBDEs for birds and potentially other mobile wildlife
that use these sites to forage on predictable energy-rich human food resources.

2.03.2

Herring gull and common eider as indicators of contaminants in an urban
fjord

H.S. Thorstensen, Department of Bioscences, University of Oslo; A. Ruus, NIVA
/ Environmental Contaminants; M. Helberg, Ostfold University College; K. Baek,
NIVA; E. Ellen Katrin, Norwegian Institute for Air Research; K. Borga, UiO /
Department of Biosciences

Seabirds, such as the herring gull (Larus argentatus), are commonly used in
environmental monitoring as indicators of contamination high in the food web.
The herring gull is a generalist predator, which in urban areas feeds from
terrestrial and anthropogenic sources in addition to the marine food web, possibly
introducing a weakness in the use of herring gull as marine indicator species. In
this context, we compared contaminant concentrations and dietary markers in
herring gull and a seabird with a different ecology, the exclusively marine-feeding
common eider (Somateria mollissima), in an urban area. The measured
contaminants included legacy lipophilic organohalogen contaminants (OHCs),
such as the polychlorinated biphenyls (PCBs) and polybrominated biphenyl ethers
(PBDEs), emerging non-lipophilic OHCs such as the per-and polyfluorinated
substances (PFASs), and the element mercury (Hg). Ecological nice was assessed
using stable isotope (SI) ratios of carbon and nitrogen (613C and §15N). Our aim
was to investigate how well blood and eggs of the two species function as
indicators of contamination in the urban marine food web of the Inner Oslofjord,
Norway. The hypothesis of common eider belonging to the marine food web, and
herring gull using more terrestrial food sources was confirmed in the SI analysis.
We found higher concentrations of lipophilic OHCs and Hg in blood of common
eider than of herring gull, which contrasts studies from more remote areas. For the
PFAS however, there was no clear species difference, possibly reflecting
distribution in the urban environment. Egg samples gave opposite results; higher
concentrations of lipophilic OHCs in herring gull than common eider, which we
linked to fasting during breeding in the eider. We suggest that in urban areas,
herring gull might not be suited as an indicator of contamination in the marine
food web, but it can serve as an indicator for the urban ecosystem. Common eider
can be used as a marine indicator, but because of the breeding strategy, results
must be interpreted carefully.

2.03.3

Poster spotlight: Effect of agricultural management on males' reproductive
status in Iberian hare (Lepus granatensis)

R. Mateo Soria, IREC (CSIC- UCLM) / Grupo de Toxicologia de Fauna Silvestre

2.03.4

Poster spotlight: Time trends of persistent organic pollutants and mercury in
Canadian Arctic ringed seals and relationships with climate parameters

M. Houde, Environment and Climate Change Canada / Aquatic Contaminants
Research Division

Ecosystem Functions and Services: Understanding and
Managing Anthropogenic Impact

2.04.1

Ecosystem functions and services of the land under municipal dumpsite
impact

E. Kovaleva, M.V. Lomonosov Moscow State University / Department of Soil
Science

21

The biosphere, especially soils plays a regulatory role and maintains the
environmental parameters in a range, suitable for human survival. In terms of
economic principles and natural resource management, environmental functions
turn into goods and ecosystem services, giving multiple benefits to humans. The
threat of a global crisis in ecosystems necessitates to work on development of
strategies to establish optimal relation between human and nature. The aim of our
work was to assess the quality of soils and associated aquatic environments in the
area adjacent to the solid waste dumpsite, to analyze the ecological functions and
ecosystem services in the area, to trace the relations between ecological
functioning and risk assessment. We used sod-podzolic gley and peat soils,
developing along the creek; water and sediments from the creek under impact of
municipal solid waste dumpsite in Moscow region, Russia. Soil, water and
sediment samples were studied by marker indicators in line with the filtrate
composition of dumpsite. Coefficient Zc was calculated as the sum of the ratios of
contaminants concentrations to their background. A battery of biological
parameters was applied: phytotoxicity of garden cress and barley, E. foetida
earthworm growth rate and mortality; enzyme activities soil respiration
parameters. The toxicity of water was done using crustaceans and infusorians. The
soil performs as an acting regulator of water quality, environmental functions -
protective and buffer biogeocenosis barrier influencing the ecosystem services.
Thus, the hydrospheric function provides the ecosystem service — regulating and
provisioning at the same time for human by supplying clean soil and water. The
contamination at Zc 40, is the level of drastic changes in hydrospheric and
biocenotic functions in the soil studied. The risk for aquatic ecosystem was
assessed as high, decreasing the quality of water in creek, supplying water to a
main river. The municipal waste dumpsite impacting the environment, leads to
changes in regulating functions that should be managed to maintain the
environment biodiversity and physico-chemical state. Risk assessment could be
one of the instruments allowing to determine the loss of ecological functions and
services. The economic interpretation of the soil function and ecosystem services
was done, based on the parameter assessment of the soil, water, sediment quality
degradation, lost benefits and their recovery (US$ 10 078 ha-1).

2.04.2

Functional traits link anthropogenic impact and disturbance regimes driving
ecosystem function in a floodplain wetland complex

N. Rideout, Canadian Rivers Institute / Biology; Z.G. Compson, Environment and
Climate Change Canada / University of New Brunswick; W.A. Monk,
Environment & Climate Change Canada / University of New Brunswick; M.
Hajibabaei, University of Guelph / Centre for Biodiversity Genomics, Department
of Integrative Biology; T. Porter, Natural Resources Canada / University of
Guelph; M. Wright, University of Guelph / Centre for Biodiversity Genomics;
D.J. Baird, Environment and Climate Change Canada / Canadian Rivers Institute
Floodplains are disturbance-driven ecosystems with high spatial and temporal
habitat diversity, making them both highly productive and hosts to high
biodiversity. The unpredictable timing of flood and drought years creates a mosaic
of habitat patches at different stages of succession, while water level fluctuation
directly influences macrophyte community dynamics, and thus habitat structure.
This habitat complexity and diversity of disturbance regimes makes floodplains an
ideal ecosystem in which to examine the links between biodiversity, traits and
ecosystem function. With up to 90% of floodplains in North America and Europe
altered to the point of functional extinction, it is particularly imperative to study
and conserve those that remain intact, such as the Lower Saint John River and its
associated floodplain, including the Grand Lake Meadows and Portobello Creek
wetland complex. Despite the rise in trait-based science, taxonomic resolution has
imposed limitations, especially in wetland and floodplain ecosystems where
communities are vastly understudied compared to their riverine counterparts.
Compared to traditional biomonitoring, DNA-based biomonitoring from high-
throughput genomics sequencing methods is powerful in that it can reliably
characterize community composition in unprecedented detail, allowing us to
assess how disturbance and environmental filters interact with invertebrate traits
and ecosystem function. Using structural equation analysis, we take a whole
ecosystem approach to examine ecosystem health across a floodplain disturbance
gradient. We focus chiefly on how anthropogenic alteration within watersheds
affects downstream floodplain wetlands, how the resulting patch diversity shapes
communities and, finally, how those communities influence ecosystem function
through trait diversity metrics. We also examine and compare which traits are
associated with crucial ecosystem gradients.

2.04.4

Disentangling multiple stressor pathways in a highly complex deltaic
ecosystem

W. Monk, Environment and Climate Change Canada / Watershed Hydrology and
Ecology Research Division; F. Wyatt, Government of Alberta, Alberta
Environment and Parks / Environmental Monitoring and Science Division; D.L.
Peters, Environment & Climate Change Canada / Water Science & Technology
Directorate; P. Zorn, Parks Canada Agency / Natural Resource Conservation
Branch; D. Baird, Environment and Climate Change Canada / Canadian Rivers
Institute

Freshwater deltaic systems are highly dynamic, diverse ecosystems connecting
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terrestrial, riparian, subsurface and aquatic habitats hosting high levels of
biodiversity. As the world’s largest inland delta wetland complex, the Peace-
Athabasca Delta (PAD) is subject to encroaching development including upstream
oil sands mining operations, hydroelectric development and associated
infrastructure in addition to regional climate change. These potential drivers have
triggered multiple science and monitoring projects led by provincial and federal
governments, Indigenous Peoples, and academics to assess and quantify their
potential impacts. Here we present an evidence-based framework to explore direct
and indirect pathways within a novel multiple stressor framework within the PAD
derived from the OECD Driver-Pressure-State-Impact-Response (DPSIR)
framework. The mechanism-based framework is supported by ongoing high-
resolution ecosystem observations paired with historical records, Indigenous
knowledge and geospatial data. We clearly demonstrate the power of adopting a
systematic framework to advance quantitative assessment of ecosystems affected
by multiple drivers, pressures and stressors across multiple scales including
identifying novel disturbance pathways within the PAD that could be used for
further scientific inquiries. Our results also highlighted the broader applicability of
adopting the proposed framework for assessing complex environments and the
strength of the approach for supporting the development of targeted management
and monitoring strategies.

2.04.5

Assessing chemical risk within an ecosystem services framework: proof of
concept case studies

L. Maltby, The University of Sheffield / Dpt. of Animal & Plant Sciences; P. van
den Brink, Wageningen Environmental Research / Department of Environmental
Sciences; R. Brown, University of Exeter; S. Marshall, Consultant

Ecosystem services (ES) are the direct and indirect contributions that ecosystems
make to human well-being. The ES concept is gaining broad interest in regulatory
and policy groups for use in landscape management and ecological risk
assessment (ERA). A recent multi-stakeholder evaluation of the use of an ES
approach in guiding chemical environmental risk assessment has identified clear
advantages of using the approach, but also highlighted a number of challenges
related to its implementation [1,2]. Here we evaluate the feasibility of adopting an
ES approach to chemical risk assessment using current knowledge and tools.
Three regulatory-relevant proof of concept case studies have been undertaken,
each co-designed by representatives of the chemical industry, policy/regulatory
agencies and academia. (i) Prospective risk assessment for a plant protection
product relevant to Regulation 1107/2009. Organophosphate insecticide applied to
a apple orchard twice a year. Focus on ES provided within the orchard and
immediate boundary area. Prioritized ES are soil quality, pest control, pollination
and recreation. (ii) Prospective risk assessment for a general chemical relevant to
REACH. Laundry surfactant disposed via domestic wastewater. Focus on
freshwater ES provided by the receiving water. Prioritized ES are water quality,
recreational fishing, observing nature. (iii) Retrospective risk assessment relevant
to the Water Framework Directive. Metal-contaminated water body. Focus on
freshwater ES and prioritized ES are water quality, recreational fishing, observing
nature. Population and food web models have been used to extrapolate data from
single species laboratory toxicity tests to more ecosystem service relevant
endpoints (i.e. population abundance, activity). Evidence-based logic chains have
been developed to link chemical-induced changes in abundance/activity to
changes in ecosystem service provision. Ecological production functions have
been reviewed and applied where appropriate. The outcome of ERA within an ES
framework has been compared to those based on current regulatory ERA
frameworks. [1] Maltby et al (2018) Advantages and challenges associated with
implementing an ecosystem services approach to ecological risk assessment for
chemicals. Sci Tot Environ 621: 1342-1351 [2] Faber et al (2019) Priorities and
opportunities in the application of the ecosystem services concept in risk
assessment for chemicals in the environment. Sci Tot Environ 651: 1067-1077

2.04.6

Towards a holistic method deriving specific protection goals based on
ecosystem services

C. Mayer, BASF SE / Ecotoxicology; C. Bogen, Bayer Ag / Research &
Development, Crop Science; G. Meregalli, Corteva agriscience / Ecotoxicology;
L. Oger, ECPA; V. Ducrot, Bayer Ag / Environmental Safety Ecotoxicology
According to Regulation 1107/2009, the agronomic efficacy of plant protection
product (PPP) must be demonstrated, while demonstrating through risk
assessment (RA) that PPP’s can be used with no unacceptable side effects on non-
target organisms. The purpose of the regulation is to balance two competing
objectives: an appropriate high level of protection for humans, animals and the
environment, and enabling products enhancing agricultural productivity to be
placed on the market. This inevitably creates numerous trade-offs. To address at
least some of these, the PPP Regulation came along with the release of the
Sustainable Use Directive (DIR 2009/128/EC). General aspects of future
agricultural strategies are laid out in the Common Agricultural Policy (CAP).
Unfortunately, this complexity tends to abet confusion about the scopes and
purposes of the different legislations and policies in scientific and public
discussions. Currently, there is activity at EU level to develop a method that
allows identifying specific protection goals (SPG) for RA in the PPP registration
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process. In 2016, EFSA guidance was published on the development of SPG,
relating them to ecosystem services (ES) and biodiversity. EFSA is legally
restricted to the RA perspective, therefore their proposal was not able consider the
agronomic context in which the SPG’s should become operational. However, for
compliance with the overall purpose of 1107, i.e. balance of agronomy and
environment, it is crucial to embed the SPG development process into the
agronomic context. Here we present and discuss a method proposal to expand the
initial EFSA approach to integrate the agronomic perspective with examples from
non-target terrestrial plants. Basically, we propose to include 2 additional steps.
First, identification of trade-offs and resilience factors regarding the identified ES
and their service providing units. Second, the output of the trade-off discussion
should be ranked according to ecological, agronomical and legislative relevance.
The latter considers also the wider agricultural policy beyond the pure PPP
Regulation as well as conservation frameworks. This approach facilitates
developing SPG’s for the PPP registration process paralleled by identification of
the relevant legislative frameworks for those ecologically important aspects that
are not in scope of 1107. This paralleled approach may strengthen future
improvements of a sustainable and productive European Agriculture.

Embedding Ecological Concepts in Ecotoxicology:
Processes, Populations and Communities

2.05.1

Responses of invertebrates in streams to pesticides: review of field studies
and conclusions for risk assessment

R. Schaefer, University Koblenz Landau / Institute for Environmental Sciences
Pesticides encompass a variety of chemicals that are deliberately released into the
environment to control agricultural pests. Before pesticides are placed on the
market, they undergo a complex authorisation procedure that aims to prevent
unacceptable effects on ecosystems. The authorisation largely relies on data from
laboratory and semi-field studies. In the first part of my presentation, I review
field studies on the effects of pesticides on macroinvertebrates in freshwater
ecosystems. Field studies were the key in establishing evidence that despite a
complex pesticide authorisation procedure, effects of agricultural pesticide use
(mainly insecticides and fungicides) on macroinvertebrates are widespread. Of 13
field studies in different regions of the world in the last 15 years, nine found a
clear or likely relationship between pesticide toxicity or concentrations and biotic
responses such as community composition or different indices. I discuss the
problem of establishing causality based on field studies and governmental
monitoring data. In the second part, I provide an overview of ecological processes
that moderate the action of pesticides in (linked) ecosystems that need
consideration if the aim is to prevent biodiversity loss in these systems.

2.05.2

Hot, dry and deadly: Climate warming and imidacloprid pulses determine
macroinvertebrate community dynamics in experimental streams

S.J. Macaulay, University of Otago / Department of Zoology; K.J. Hageman, Utah
State University / Chemistry & Biochemistry; J.J. Piggott, Trinity College Dublin
/ Department of Zoology; N. Juvigny-Khenafou, Xi’an Jiaotong-Liverpool
University / Department of Environmental Science; C.D. Matthaei, University of
Otago / Department of Zoology

Sustainable management of insecticide use in the context of climate change is an
important issue for environmental managers to address. Mesocosm experiments
are a valuable tool for assessing the impacts of contaminants in realistic
experimental systems, especially in combination with other stressors that are not
easily manipulated in situ such as those associated with climate change. Further,
by including biotic interactions and providing the opportunity to investigate
effects at the community and ecosystem-levels, mesocosms represent an ideal
method for integrating ecological principles into ecotoxicological research. We
performed a seven-week streamside channel experiment using 128 flow-through
circular mesocosms to test the effects of pulsed imidacloprid exposure (at four
environmentally relevant levels between 0-4.6 pug/L) and raised water temperature
(ambient and 3°C above) on stream macroinvertebrate communities representative
of fast and slow-flowing microhabitats. Invertebrate drift and insect emergence
were monitored during three pesticide pulses (ten days apart) and during the 48
hours immediately following the first two pulses. Benthic invertebrate
communities in the entire mesocosms were sampled after 24 days of heating and
pesticide manipulations. All three manipulated factors strongly affected
invertebrate drift community composition, with the first pulse of imidacloprid and
increased temperature having a greater impact on communities in fast-flowing
channels. Heating and imidacloprid exposure both generally resulted in increased
emigration by drift. Increased temperature was the most pervasive stressor for the
benthic invertebrate community, negatively affecting 80% of response variables.
The combined effect of stressor manipulations and an intense, natural heatwave
drastically reduced relative abundances of EPT (mayfly, stonefly and caddisfly)
and insects overall and caused a shift to oligochaete, crustacean and gastropod-
dominated communities. These findings demonstrate the potential impacts of
heatwaves on freshwater macroinvertebrate communities under future climate
scenarios and reveal which invertebrate taxa will be most at risk from the
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combined effects of reduced flows, raised water temperatures and imidacloprid
contamination. By allowing the assessment of contaminant effects at the
community and ecosystem-levels, this study shows how mesocosm experiments
can be a valuable tool for integrating ecological concepts into ecotoxicology.

2.05.3

Integrating field indicators of contamination in structural equation modelling
to understand the effects of multi-pressures in freshwater

N. Sarkis, Institut national de recherche en sciences et technologies pour
I’environnement et ’agriculture (Irstea); B. Villeneuve, Institut national de
recherche en sciences et technologies pour I’environnement et 1’agriculture
(Irstea) / Unité Ecosystémes Aquatiques et Changements Globaux (EABX); O.
Geffard, A. Chaumot, Institut national de recherche pour I’agriculture,
I’alimentation et I’environnement (INRAE) / Unité de Recherche RiverLy; J.
Piffady, A. Chandesris, Institut national de recherche en sciences et technologies
pour ’environnement et I’agriculture (Irstea) / Unité de Recherche RiverLy; B.
Alric, Laboratoire Interdisciplinaire des Environnements Continentaux (LIEC) /
UMR 7360 CNRS - Université de Lorraine; L. Valette, M. Ferreol, Institut
national de recherche en sciences et technologies pour I’environnement et
I’agriculture (Irstea) / Unité de Recherche RiverLy; A. Frangois, Institut national
de recherche en sciences et technologies pour I’environnement et 1’agriculture
(Irstea) / Unité de Recherche Laboratoire EcoSystémes et Sociétés En Montagne
(LESSEM); Y. Souchon, Institut national de recherche en sciences et technologies
pour ’environnement et I’agriculture (Irstea) / Unité de Recherche RiverLy
Nowadays ecotoxicological indicators and ecological concepts are more
frequently associated into one study, providing a quantification of multiple
pressures effects, including chemicals, and an evaluation of communities” state.
For instance, in Pressure-Impact approaches, used in ecology, ecotoxicological
pressures are considered. However, these measures of chemical pressures do not
always consider the bioavailable fraction of a contaminant (for example,
measurements in water or sediment matrices). Active biomonitoring, based on
caging transplanted organisms in freshwater sites, takes into account the exposure
of organisms. Amphipods like gammarids, enabled a standardised measure of
bioavailable contamination. To determine the state of communities, we need
further researches on the effects of multiple pressures (including bioavailable
contamination) on freshwater communities. Therefore, the links between chemical
contamination and its determinants should be quantified in order to study the
effects of multiple pressures on communities. A dataset with 196 samplings of
metallic contamination (for eight substances) in gammarids was established in
watercourses at the national scale of France. Each sampling of contamination was
geographically associated to its determinants (including pressures). A Structural
Equation Model (SEM) was applied. SEM enables to confirm causality between
processes after emitting hypotheses of effects. These hypotheses were validated by
the quantification of the effects of determinants on metallic contamination. Direct,
indirect and total effects were investigated to determine the main contributors to
metallic contamination. This approach shows how to integrate bioavailable
contamination in a multiple pressure context. The outputs also present the major
effects of pressures like anthropic land cover, industries and Wastewater
Treatment Plants. The tested concepts and field measures used in this approach
could serve as a first base to study the links between multiple pressures and
freshwater communities.

2.05.4

Mainstreaming biodiversity in European field crop production

A. Dollacker, Bayer Ag / Regulatory Policy

Biodiversity change and loss has led to increased attention and efforts to protect
and conserve biodiversity. In Europe, the Nature Directives protect habitat and
species (e.g., birds), while e.g., the EU Common Agricultural Policy (CAP)
addresses biodiversity conservation on cropland. More recently technology
regulations include biodiversity policy protection goals. To conserve biodiversity
on cropland the EU CAP’s Agri-Environmental Schemes (AES) support the
application of good agricultural practices (GAPs), and the provision of non-crop
habitat. The integrated application of the above efforts are decisive for the
conservation of biodiversity as they support the establishment of broader networks
of habitat areas at landscape level. However, biodiversity still declines and the
outcomes of the AES have been questioned critically. In an attempt to better
understand the benefits that can be derived from these two practical approaches,
this paper links GAPs and non-crop habitat creation to agro-ecosystem services.
While GAPs have been applied for centuries as a crop management tool, their
benefits for functional or associated biodiversity have not been widely elaborated
on in terms of ecosystem services language. Similarly, while the benefits of non-
crop habitat creation for biodiversity within fields have been well documented,
their benefits to crop management and crop profitability have been poorly
explored in the EU. We suggest that the enhanced application of GAPs and the
provision of non-crop habitats constitute practical implementation tools to
mainstreaming biodiversity, while contributing to achieving more resilient crop
production over time and scale. With regard to habitat creation we analyse which
aspects could be improved to increase their implementation and suggest that key
prerequisites need to be addressed to yield more benefits. These include: (a)
increased research in identifying the best suited preferably multi-species, non-crop
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habitat/measures for use within fields (subfield areas and field edges) (b)
increased research to highlight the benefits of non-crop habitat to crop production,
and (c) the identification of priority landscape types (e.g., simplified landscapes)
for the creation of multi-species, non-crop habitats. In addition to these practical
implementation approaches we agree with other authors that practical biodiversity
mainstreaming in crop production has to be supported by congruent regulations
and policies, which need to support the broader landscape management plan and
with it the broader nature protection agenda called for by society and policy
makers worldwide.

2.05.5

Predictive Modelling of Metal Mixture Toxicity to Daphnia magna
Populations

S.E. Hansul, Ghent University (UGent) / Laboratory for Environmental
Toxicology and Aquatic Ecology; E.E. Smolders, KULeuven -BE0419.052.173 /
Earth & Environmental Sciences; K. De Schamphelaere, Ghent University
(UGent) / Environmental Toxicology

Current practice of environmental risk assessment lacks ecological realism,
because it depends mostly on toxicity of single substances to individual
organisms. It is desirable to develop mechanistic, predictive models that take
mixture toxicity on higher levels of organization into account. We conducted a
population experiment with Daphnia magna exposed to Cu-Ni-Zn mixtures and
the single metals, in order to calibrate a Dynamic Energy Budget Individual-Based
Model (DEB-IBM) with single-metal population data and generate blind
predictions on mixture toxicity. Metals with different physiological modes of
action (PMoA) can be implemented independently in the DEB-IBM, without
making further assumptions concerning mixture toxicity. For metals with the same
PMOoA, we assume no interactions between metals.We first explored approaches
to calibrate a DEB-IBM with population-level data, which imposes constraints on
parameter estimation as compared to conventional DEB-IBM calibration with
individual-level data.We further evaluated the predictive capacity of the DEB-
based approach in comparison with common reference models IA and
Concentration Addition (CA). While the performance of CA and IA was
concentration-dependent, the DEB-IBM has the capacity to capture such trends,
because mixture toxicity is an emergent property and interactions between
organisms can be taken into account. We conclude that an approach based on
DEB-IBMs is a promising way forward to generate predictive models and enhance
understanding of mixture toxicity at higher levels of biological organization.

2.05.6

Excellent growth of fish in German rivers as a consequence of re-
oligotrophication?

C. Wesch, Trier University / Biogeographie; R. Klein, M. Paulus, D. Teubner,
Trier University / Biogeography

Length and weight of fish are reliable indicators for long-term changes of fish
health and imply long-term changes of environmental quality. Biometric
monitoring data of the German Environmental Specimen Bank show an extreme
increase of growth of common bream (4bramis brama) in the last 20-27 years in
German rivers. The increment of bream with a defined age (8 years =1 year) is up
to 400% for weight and up to 60% for length. To explain this phenomenon, we
assessed potential drivers of fish growth in rivers. We hypothesise that a decreased
fish density caused by re-oligotrophication is the key driver behind that
phenomenon, which is described for the first time for rivers. This process is
probably supported by improved chemical water quality and neobiota. The
combination of all these drivers seem to explain the drastic growth of bream in
German rivers. Our results confirm the high value of biometric parameters for
wildlife biota monitoring to detect long-term changes in the quality of aquatic
ecosystems.

2.05.7

Assessing the impact of wastewater exposure on macroinvertebrate
populations in England

A.C. Johnson, UKCEH / Wallingford; F. Edwards, Centre for Ecology Hydrology
Maclean Building; M.D. Juergens, UK Centre for Ecology and Hydrology /
Wallingford; V. Keller, UK Centre for Ecology & Hydrology; M. Eastman, N.
Bachiller Jareno, Centre for Ecology and Hydrology

Wastewater contains a vast range of household chemicals including
pharmaceuticals and personal care products, pesticides, metals and plastic
residues. Aquatic macroinvertebrates are used across the world as indicators of the
ecological health of rivers. The vast range of these different groups, families and
species of molluscs, worms, insects, and crustaceans could be sensitive indicators
of chemical impacts on their populations. A 4-year NERC-funded study was
launched in 2018 to identify whether links between chemical exposure and
wildlife population impacts exist based on a review of historical monitoring data.
The Midlands Region, in central England, was selected as a trial area to test out
some of the approaches that will be used across the whole of England. The
Midlands part of England has many urban centres and moderate rainfall resulting
in a generally low dilution factor for its rivers. Thus, following the wastewater
prediction exercise using the LF2000WQX model it was found that 4% by length
of the reaches are >50% wastewater and 32% by length of reaches are >25%
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wastewater based on the mean. A review of general water quality, using data from
the Environment Agency Harmonised monitoring scheme sites was possible to
give an indication of trends. The mean ammonia dropped from 0.6 to 0.2 mg/L;
the mean biological oxygen demand (BOD) dropped from 3.6 to 1.8 mg/L; the
mean PO4 dropped from 1.9 to 0.6 mg/L; whilst NOs3 remained unchanged around
35 mg/L over the period 1980 to 2014. The BMWP (biological monitoring
working party) approach gives a single metric based on weighted scores awarded
to macroinvertebrate families. The score can be expressed in terms of the average
score per taxon (ASPT). In this case, an overall sustained improvement in these
scores occurred from the early 1990s across the whole of the Midlands Region.
Perhaps the general improvements in water quality (with the exception of nitrate)
have made the environment more habitable for macroinvertebrates but this has yet
to be tested statistically. The trial of the methods to be used across the project for
England in ChemPop for macroinvertebrates has proved useful. Initial
observations appear to confirm that the aquatic habitat for macroinvertebrates,
particularly with respect to sites with high wastewater exposure, is improving.
However, the full suite of statistical tests of the hypotheses have yet to be carried
out.

From Lab to Field: Relevance of Effects Observed in Lab
Studies for Non-target Local Populations and Communities
and their Habitat Selection

2.06.1

Endocrine disruption of fish growth and reproduction in DEBtox

E.B. Muller, University of California, Santa Barbara / Marine Science Institute
(UCSB, MSI); T. Preuss, Bayer Ag / Environmental Safety; A. Gergs, Bayer Ag/
Research & Development, Crop Science Effect Modelling

A major challenge in ecological risk assessment is to quantitatively link
suborganismal level endpoints to ecological level outcomes. Dynamic Energy
Budget (DEB) models can play an important role in this. A DEB model describes
the rates at which an individual organism acquires resources from its environment
and use the energy and nutrients therein for universal processes supporting its
survival and reproduction, and thereby serves as a hub between suborganismal
metabolism and population dynamics. In the application of DEB models to
ecotoxicological problems, commonly referred to as DEBtox, toxicant effects on
the reproductive performance of an organism are the result of changes in one or
more model parameters, including those governing the rates of energy acquisition
and subsequent expenditure on maintenance, maturation and production processes.
However, the impact of endocrine disrupting compounds (EDC) have been largely
ignored in the DEBtox framework. This presentation is built on simulation studies
designed to explore how EDCs with different modes of action in the DEBtox
framework affect commonly measured organismal endpoints in medaka.
Obesogens may increase or decrease growth and reproduction, depending whether
these compounds affect reserve utilization or feeding and assimilation rates.
Compounds that enhance growth also cause reproduction to increase (at abundant
food conditions), as bigger fish tend to reproduce at a higher rate. Compounds that
increase the allocation of reserve to reproduction at the expense of growth have a
diminishing stimulatory impact on reproduction. The results will be used to
evaluate the capability of the OECD Medaka Extended One Generation Test
(MEOGRT) to discriminate among EDC modes of action.

2.06.2

Development of a neurobehavior adverse outcome pathway in larval fish to
facilitate cross-species extrapolations and assess population risk

C.A. Murphy, Michigan State University / Department of Fisheries and Wildlife;
J. Albers, L. Ivan, Michigan State University / Fisheries and Wildlife; M.J.
Carvan, University of Wisconsin, Milwaukee / School of Freshwater Sciences; N.
Garcia-Reyero, US Army Engineer Research and Development Center; R.
Klingler, University of Wisconsin Milwaukee / School of Freshwater Sciences;
M. Jones, Michigan State University / Quantitative Fisheries Center

To assess the impacts of chemical exposure on threatened or endangered species
usually requires making assumptions about animals where there is limited
information on which to base risk assessment. Our lab is developing methods to
improve cross-species extrapolations so that we can make decisions on data poor
species. We report on progress for an approach that we believe has the potential to
improve cross-species extrapolations and to bridge essential data gaps so that we
can predict effects from molecular/ cellular level to population and community
level responses on many species from experiments conducted on laboratory
animals. We base our work on adverse outcome pathway (AOP) framework
because this framework is a useful organizational for collecting data in a
systematic way to facilitate cross- species extrapolations. We are developing a
neurobehavior AOP in the zebrafish exposed to PCB 126 and methylmercury, and
we are extrapolating it to two other species of ecological importance, the fathead
minnow, and the yellow perch. We collected in depth data on zebrafish, yellow
perch, and fathead minnow that allow us to predict from molecular initiating evens
to cohort survival and growth - endpoints that are critical for ecological risk
assessments. With these data sets we assess the feasibility of cross-species
extrapolations — we are able to determine what information is useful for cross-
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species comparisons and what information is lost when a model species is used
instead of the target organism and the amount of error associated with cross-
species assumptions. We also incorporate uncertainty in our cross-species and
cross-biological level of organization extrapolations into our estimates of
population risk.

2.06.3

To be or not to be a rat? Translating toxicology data for use in wild mammal
risk assessment.

N. Hallmark, Bayer AG - Crop Science Division / Environmental Safety -
Ecotoxicology; J. Hahne, Bayer AG Crop Science Division / Environment Safety;
A. Weyers, Bayer AG - Crop Science Division / EnSa. Ecotoxicology
Mammalian toxicity data in rats, mice, rabbits and dogs are generated to predict
potential human health effects as part of the standard data package for the EU
registration of pesticides. These data are also used to predict potential long-term or
reproductive effects on wild mammals, including rodents and lagomorphs.
However, to do this ‘translation’, careful interpretation of the toxicology data by
an eco-toxicologist is required. Specific EU regulatory guidance on the derivation
of ecotoxicologically relevant endpoints for mammals is pending; meanwhile
general principles can be derived from available EFSA documents. We have
developed a systematic approach for the translation of toxicology data into an
ecotoxicology relevant assessment, including consideration of the different
protection goals. The derived ecotoxicologically relevant endpoint should be
protective against effects on survival, growth, development and reproductive
performance of wild mammals that may result from exposure to the chemical
under assessment. This approach can lead to the selection of different endpoint(s)
for use in environmental risk assessment compared to human risk assessment. A
case study will demonstrate the methodology using a 4-step approach: 1. Data
gathering: collate relevant toxicology data from regulatory studies, publications,
etc. 2. Data assessment: review of each study against pre-defined inclusion criteria
including: regulatory acceptability, study quality; dose-response, severity,
concordance, statistical vs biological significance, etc. 3. Ecotoxicological
(population) relevance: review each study against pre-defined relevance criteria.
There are several possibilities why an endpoint may be of non-relevance for the
environment (NRE) eg: - adaptive changes e.g. in liver or blood parameters -
slight histological changes without impact on growth and reproduction - statistical
vs. biological significance - transient changes, e.g. bodyweight changes that are
quickly compensated - low frequency or late-onset effects, not representative for
environmental conditions - consequences of avoidance of food or water containing
the test chemical 4. Conclusion: identify the ecotoxicologically relevant endpoint
for mammal long-term (reproductive) risk assessment This framework is ready for
use to derive an ecotoxicologically relevant endpoint for mammal long-term
(reproductive) risk assessment and is flexible so can be adapted to incorporate
future alternative data types.

2.06.4

Spatial avoidance of the shrimp Palaemon varians exposed to a contaminant
gradient of galaxolide and tonalide in seawater

F. Ehiguese, Cactymar-University of Cadiz / Physical Chemical; C. Corada-
Fernandez; P.A. Lara-Martin, Universidad de Cadiz / Departments of Chemistry
and Physical and Environmental Sciences; M. Martin-Diaz, University of Cadiz
Center for Marine Science and Technology CACYTMAR / Chemical Physical;
C.V. Araujo, Instituto de Ciencias Marinas de Andalucia (ICMAN-CSIC) /
Department Ecology and Coastal Management

Environmental risk assessments of galaxolide (HHCB) and tonalide (AHTN) have
been performed using data from lethal and/or sublethal responses under forced
exposures without considering the behavioural responses, such as spatial
avoidance. Our goal was to assess the potential of HHCB and AHTN to elicit
avoidance response in shrimps (Palaemon varians) and to predict the population
immediate decline (PID; by integrating both avoidance and lethality responses) of
P. varians when exposed to HHCB and AHTN. The non-forced approach was
used to measure the avoidance response by employing a non-forced multi-
compartmented static system, in which shrimps could move freely among the
concentrations. Shrimps were exposed to a gradient (0, 0.005, 0.05, 0.5, 5 and 50
ng/L) of each substance and their positions were checked at every 20 min for 3 h
period. The results from 24-h forced exposure showed no dose-response
relationship, with the highest percentage mortality being 17% for HHCB at 0.005
and 0.5 pg/L. In the 3-h non-forced exposure to gradient of HHCB and AHTN,
significant concentration-dependent avoidance was observed for both substances.
The shrimps avoided the least concentration of HHCB and AHTN (0.005 pg/L) by
14.6 % and 16.2%, increasing significantly (p< 0.005) to 60.5% and 57.1%,
respectively, in the highest concentration (50 pg/L). The shrimps’ population
immediate decline at local scale might be driven by the avoidance behaviour
rather than mortality, which might have serious consequences for their habitat
selection processes.

2.06.5

‘When the environmental stress due to contamination is beyond the
traditional toxic effects: Changing the paradigm of confined exposure to a
habitat selection approach
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C.V. Araujo, Instituto de Ciencias Marinas de Andalucia (ICMAN-CSIC) /
Department Ecology and Coastal Management; M. Moreira dos Santos, CFE -
Centre for Functional Ecology / Department of Life Sciences, University of
Coimbra; R.G. Ribeiro, University of Coimbra / Department of Life Sciences,
University of Coimbra

Up to date, the traditional approach used in ecotoxicological studies is
fundamental to identify how contaminants might (potentially) cause
environmental disturbance, from subcellular levels to physiological homeostasis.
However, if the spatial perspective of toxicity tests is conceptually expanded, two
central questions related to the effects of contamination on organisms arise: (i) are
organisms able to escape from contaminants thus avoiding their toxic effects? (ii)
what is the role of contamination on the organisms’ habitat selection processes?
When the prediction of the risks is based on a mandatory forced exposure to
contaminants, it is assumed that physiological mechanisms, such as detoxification,
is the means used by organisms to minimize the effects of contamination.
However, recent studies using a non-forced exposure approach, in which
organisms can freely move within a (heterogeneous) gradient of contamination,
have shown that mobile organisms tend, under some conditions, to avoid the
continuous exposure to adverse contaminant levels by escaping to favorable areas.
The aim of this review is i) to present the different non-forced, multi-
compartmented exposure systems already used in ecotoxicity assays, ii) to discuss
the methodological and conceptual advances in effects assessment that such
approach can provide, and iii) to show data demonstrating how the integration of
this approach could complement the environmental risk assessment process by
helping to understand the contamination-caused environmental stress from a novel
perspective based on the habitat selection response. Concepts like spatial
avoidance, preference, colonization, habitat connectivity (meta-ecosystem),
chemical fragmentation of habitats and metapopulation bring more of ecology to
ecotoxicology under the umbrella of Stress Ecology.

Impact and Trophic Transfer of Chemical Pollutants in Food
Webs within and across Ecosystem Boundaries

2.07.1

Synthesis: Predicting the Dark Side of Ecological Subsidies

J. Kraus, USGS / Columbia Environmental Research Center; J.S. Wesner,
University of South Dakota / Department of Biology; D. Walters, U.S. Geological
Survey / Columbia Environmental Research Center

Aquatic ecosystems are particularly vulnerable to chemical pollution because of
their topographically low position in the landscape. Food web linkages between
aquatic and terrestrial ecosystems can also be disrupted by these pollutants with
dire consequences for consumers. Understanding the effects of contaminants on
these linkages and implications for consumers is an area of active research. Here,
we review multiple frameworks useful for predicting the effects of chemical
contaminants on cross-ecosystem flux of resources (i.e., ecological subsidies) at
the land-water interface. We focus on effects of contaminants on emergence of
animals with complex life histories from aquatic habitats, use and quality of
terrestrial detritus to aquatic ecosystems, and the flux of contaminants through
food webs both within and across ecosystem boundaries. We then present a
synthetic framework that pulls together many of the factors and processes
reviewed, including landscape, contaminant, ecotoxicological, and ecological
factors. Finally, we use this framework to identify 1) patterns of contaminant
effects on ecosystems; and 2) data gaps and areas for future research. We use
Monte Carlo simulations to illustrate how identifying the factors driving effects of
contaminants on cross-ecosystem linkages within their study system can help
researchers effectively target areas for study and predict risk of effects due to
chemical pollution.

2.07.2

Transcending borders? Effects of heavy metals on the development and
emergence of Chironomus riparius

S. Pietz, University Koblenz-Landau / iES Landau, Institute for Environmental
Sciences; M. Aninda, University of Koblenz-Landau / iES Landau, Institute for
Environmental Sciences; V. Gerstle, Institute for Environmental Sciences
University of Koblenz-Landau / iES Landau, Institute for Environmental
Sciences; J.P. Zubrod, University of Koblenz-Landau / Institute for Environmental
Sciences; M. Bundschuh, Institute for Environmental Sciences University of
Koblenz-Landau / Department of Aquatic Sciences and Assessment

Structure and functions in freshwater ecosystems can be affected by
anthropogenic stressors altering resource fluxes (subsidies) to adjacent terrestrial
ecosystems. In this context, heavy metals might be of particular concern as they
can accumulate in sediments and benthic organisms. This may reduce, delay or
modify the nutritious quality (i.e., lowered nutritious value or export of
accumulated contaminants) of insect emergence. In addition, heavy metals may
interact with other stressors elevating the magnitude of effects. Therefore, we
examined the interacting effects of essential (copper, Cu or nickel, Ni) or non-
essential (cadmium, Cd) metals and short-term, recurrent water temperature
increases on Chironomus riparius (Diptera: Chironomidae) using a spiked
sediment test. Furthermore, nanoparticles (TiO2) were included in the Ni
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experiment as they may influence heavy metal bioavailability. Chironomids’
development (i.e., number of recovered larvae and larval weight) and emergence
(i.e., success, timing and weight of emerging adults) was monitored, employing a
two- or three-factorial test design for 28 days. All metals significantly and
adversely affected the larval development of C. riparius with reductions of larval
survival (up to 30%, Cu; 64%, Ni; 82%, Cd) and weight (up to 56%, Cu; 91%, Ni;
93%, Cd) at concentrations of 200 mg Cu/kg, 540 mg Ni/kg and 18 mg Cd/kg,
respectively. Presumably, toxic stress requiring energy to be utilized for repair or
detoxification processes may have resulted in higher maintenance costs and an
altered energy allocation, ultimately causing significant effects on emergence
success (reduction up to 45%, Cu; 100% Ni; 95% Cd), emergence time (delay up
to 7 days, Cd) and adult biomass (reduction up to 14%, Cu). Effects of
temperature fluctuation were less pronounced and varied depending on the
developmental stage, heavy metal and observed endpoint. Nanoparticles did not
significantly influence any endpoint. Based on our results, heavy metals may
profoundly affect merolimnic insects, which, in turn may cause effects on riparian
food webs. To address the impact of heavy metals on the quality of the subsidy
(the emerged adults), preserved individuals are currently analysed for their heavy
metal concentrations as well as their fatty and amino acid profiles.

2.07.3

Cross-boundary transport of nanoparticles via merolimnic insects
compromises aquatic subsidy quality

A. Feckler, University Koblenz-Landau / iES, Institute for Environmental
Sciences; M. Bundschuh, Institute for Environmental Sciences University of
Koblenz-Landau / Department of Aquatic Sciences and Assessment; D. Englert,
University of Koblenz-Landau / iES Landau, Institute for Environmental
Sciences; R. Rosenfeldt, University of Koblenz-Landau, iES Landau, Institute for
Environmental Sciences / iES Landau, Institute for Environmental Sciences; R.
Bundschuh, SETAC Europe vzw / iES Landau, Institute for Environmental
Sciences; S. Liiderwald, Universitit Koblenz-Landau / iES Landau, Institute for
Environmental Sciences; F. Seitz, Inst. for Environmental Sciences / iES Landau,
Institute for Environmental Sciences; J.P. Zubrod, University of Koblenz-Landau /
Institute for Environmental Sciences; R. Schulz, University of Koblenz-Landau /
iES Landau, Institute for Environmental Sciences

Knowledge on how and to which extent contaminants are transported from the
aquatic environment to terrestrial ecosystems is still scarce. The emergence of
merolimnic aquatic insects may constitute one potential pathway for contaminants
directly into terrestrial food webs. At the same time, contaminants may cause
adverse effects on the temporal emergence pattern and nutritional quality of
aquatic insects. Consequently, both the trophic transfer of contaminants by and
shifts in the availability and quality of aquatic subsidies can be of serious concern
for the well-being of terrestrial predators. To address this issue, we exposed
caddisfly larvae (Chaetopteryx villosa) towards nanoparticles (NPs; 4 and 400 pg
nTiO2/L; 6.5 pg nAu/L) as model contaminants for 140 d using a laboratory flow-
through stream microcosm system. In addition, the photocatalytic effects of NPs
on the response of Chaetopteryx were assessed by additional exposure to
ultraviolet irradiation at ambient intensities. Consumption of leaf material,
survival, emergence rate and its temporal pattern, energy reserves (=lipids), and
concentration of NPs in adult (emerged) organisms were monitored. NPs delayed
Chaetopteryx emergence by <30 days and reduced lipid reserves by <40%.
Furthermore, emerging Chaetopteryx carried substantial concentrations of nTiO2
(up to 2.68 ng/mg) and nAu (1.51 ng/mg). These results underline the potential for
contaminant transfer from the aquatic to the terrestrial ecosystem via the
emergence of merolimnic aquatic insects. Assuming that median internal NP
concentrations measured here are comparable among merolimnic insect species
and the total annual biomass of emerging merolimnic insects from streams
measured elsewhere, NP-fluxes from the aquatic to the terrestrial environment can
potentially be as high as 2.4-56.5 mg nTiO2/m?and 1.4-31.8 mg nAu/m? These
data raise concern about the implications for higher trophic levels in riparian
systems associated with the transfer of contaminants from the aquatic environment
into the terrestrial food web. However, even though recent studies on the transport
of contaminants (e.g., microplastics, metals, NPs, and pharmaceuticals) suggest
effects on the aquatic-terrestrial subsidy, this area of research is still in its infancy
and requires further scrutiny.

2.07.4

Food web controls on mercury flux and fate in the Colorado River, Grand
Canyon (USA)

D. Walters, U.S. Geological Survey / Columbia Environmental Research Center;
E. Rosi-Marshall, Cary Institute of Ecosystem Studies / NA; W. Cross, Montana
State University; T. Kennedy, U.S. Geological Survey; C. Baxter, Idaho State
University; R.O. Hall, University of Montana / Flathead Lake Biological Station
Mercury (Hg) biomagnification in aquatic food webs is a global concern, yet
pathways of Hg flux — and species traits and biotic interactions promoting these
fluxes — remain poorly understood. To address this data gap, we measured
animal secondary production and consumption rates to develop organic matter
flow food webs that quantify important pathways of energy flows as well as the
key trophic interactions dictating these flows (i.e., ‘the trophic basis of
production”). We then coupled these food web models with traditional
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ecotoxicological survey data for Hg concentrations across different organic matter
sources (detritus and biofilms), invertebrates, and fish to track Hg fluxes within
food webs and to determine Hg fate between linked aquatic and riparian food
webs (i.e., Hg retained in aquatic food webs vs. exported to land via adult insect
emergence). We developed these Hg-based food webs for 6 sites spanning 370
river km and over two years. Annual sampling events occurred before and after a
large experimental flood on the river, allowing us to evaluate how ecosystem
disturbance may also alter Hg flux in food webs. We found that only a few
pathways dominated Hg flux in the Colorado River despite large spatial
differences in food web complexity, and these fluxes were largely mediated by
one critical invertebrate trait, resistance to predation. Food web properties, i.e., the
match/mismatch between insect production and fish consumption, governed
amounts of Hg retained in the river versus exported to land. An experimental
flood redistributed Hg fluxes in the relatively simple, tailwater food web just
downstream of a large dam, but not in more complex, downstream food webs.
Recognition that species traits, ecological interactions, and disturbance regimes
mediate contaminant exposure can improve risk management of linked aquatic-
terrestrial ecosystems.

2.07.5

Aquatic and terrestrial contaminants in Pied flycatcher nestlings - effect of
diet on metal uptake

J. Lidman, Department of biology and environmental science, Umea university /
Department of Ecology and Environmental Science; . Berglund, Umea University
/ Ecology and Environmental Science

One major exposure route for metal exposed insectivorous birds are through
dietary uptake, which mean that exposure depends on uptake by the prey and their
proportion in birdsd_ diet. Invertebrates differ in the uptake of contaminants,
where invertebrates in close contact to the contaminated medium (soil or sediment
living) often accumulates more contaminants. In addition, for insectivorous birds
living near lakes and streams, metals can be transported from the aquatic system
by emerging aquatic insects. In this study, we estimated how having access to
different composition of prey resources, using stable isotope analysis (513C,
315N), affected lead (Pb) exposure for the insectivorous bird Pied flycatcher
(Ficedula hypoleuca) nestlings. The study was conducted in the vicinity of a
closed Pb/zinc (Zn) mine in northern Sweden, using sites close to lakes (< 300
meters) or sites located with distance from larger streams or lakes in order to
reduce aquatic insect availability. Nest-boxes was established in 2017, and 12-14-
day old nestlings was monitored and sampled for blood for metal exposure and
stable isotope signal. Simultaneously with monitoring were insects captured for
Pb concentration and isotopic signal. Nestlings near lakes had significantly higher
proportion of aquatic insects in their diet. No apparent pattern in Pb concentration
between insect groups was observed, indicating different bioavailability from
contamination sources between sites. Nestling with higher proportion of aquatic
insects had lower Pb concentration in blood, which was not connected the metal
concentration in emerging aquatic insect. The study shows that exposure to metals
is affected by the type of prey in the diet and that insectivorous birds can be
benefit from feeding on aquatic food sources in contaminated environments. It is
therefore important to consider the type of available insects when estimating the
exposure risks of metals for insectivorous predators.

2.07.6

Trophic transfer of isotopically labelled 65CuO NPs from sediment to worms
(Tubifex tubifex) to fish (three-spined stickleback)

T. Lammel, University of Gothenburg / Dep of Biological and Environmental
Sciences; A. Thit Jensen, Roskilde University / Science and Environment; X. Cui,
Birmingham University / School of Geography, Earth and Environmental
Sciences; C. Mouneyrac, Université Catholique de 10uest / UBL, Mer Molécules
Santé; A. Baun, Technical University of Denmark / Department of Environmental
Engineering; E. Valsami-Jones, University of Birmingham / School of Geography
Earth and Environmental Sciences; J. Sturve, Goteborg University / Department
of Biological and Environmental Sciences; H. Selck, Roskilde University / Dept
Science and Environment

Nanoparticles (NPs) released into the aquatic environment will likely accumulate
in sediment and be available for uptake in sediment-dwelling invertebrates that
serve as food for higher trophic level organisms, such as fish. The aim of the
present study was to investigate trophic transfer of CuO NPs and dissolved Cu
(CuCl) along an experimental freshwater food chain including natural sediment,
the sediment-dwelling worm Tubifex tubifex and the predatory fish Gasterosteus
aculeatus (three-spined stickleback). Worms were first exposed to sediment
spiked with environmentally relevant concentrations (100 pug g™ dw sed) of CuO
NPs and CuCl, for 7 days. After exposure, they were collected and used as live
feed for dietary exposure of fish (7 day-exposure). Both CuO NPs and CuCl> used
in this study were enriched in the stable copper isotope “Cu to enhance detection
and facilitate discrimination of newly added/assimilated Cu from background
levels. ®*Cu concentrations in sediment, worms and fish tissues (intestine, liver,
carcass) were measured by ICP-MS. Biological effects of dietary Cu exposure in
fish were assessed measuring expression of genes related to Cu transport,
detoxification and oxidative stress (ctrl, mta, gcl, gr, gpx, sod, cat, zo-1) using
RT-qPCR. Worms accumulated Cu from both ®*CuCl: and “*CuO NP-spiked
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sediment. Weight-specific “*Cu body burdens in worms were low and not
significantly different between Cu forms (0.7 and 1.1 pg “°Cu g dw tissue,
respectively). Dietary accumulation of “°Cu in fish feeding on ®CuClz and “*CuO
NP-exposed worms for 7 days was generally low and limited to intestinal tissue
(80 and 65 ng g dw tissue, respectively; no significant difference). “Cu transfer
to internal tissues/organs was marginal. No significant effects of dietary Cu
exposure on the investigated genes was observed, except for gpx, which was
significantly upregulated in intestinal tissue of fish feeding on ®*CuCl,-exposed
worms. Altogether, our results suggest that CuO NPs (NP-derived Cu) may enter
freshwater food webs by transfer from sediment to worms and subsequently to
fish. Yet, their dietary bioaccumulation and trophic transfer potential at
environmentally realistic doses appears to be low and not different from that of
dissolved Cu.

2.07.7

Mercury biomagnification in a Southern Ocean food web

J. Seco, Aveiro University & CESAM

The biomagnification of mercury was determined for the Scotia Sea food web,
using the stable isotopes of nitrogen (LI 15N) and carbon (L13C) as proxy for
trophic level and habitat use. Here mercury and stable isotopes were measured for
12 species of zooplankton, 2 species of squid, 7 species of mesopelagic myctophid
fish 6 species of notothenioidei fish and 8 species of seabirds chicks in two, 10
years apart, sampling years (2007/08 and 2016/17). All the trophic groups had
similar [113C, except seabirds, but this differences were expected as feather (inert
tissues) are more enriched in [113C than muscle or other organs (live tissues).

L 15N showed the expected increasing trend over trophic levels zooplankton <
squid < myctophids fish < notothenioidei fish < seabirds, there were also
significant differences within the predators groups, as different species feed on
different trophic levels. Mercury also increased along the trophic level, with lower
higher values in seabirds chicks (3.88 + 2.41 nug g-1 in Stercorarius antarcticus).
Again in the predators as possible to see differences in mercury levels depending
on the species diet, with species with higher [115N reflection also higher mercury
levels due to the ingestion of more contaminated prey. Looking into the mercury
levels between the two sampling years, it was possible to see a decreasing trend on
mercury concentration along the last decade in the mid trophic web groups (squid
and fish), that can be explained by a decline of the anthropogenic emission of
mercury. With mercury decreasing in mid trophic levels it would be expect that
top predators would also have lower concentrations, although, an opposite trend
was found in top predators, with seabirds from 2016/17 having higher levels than
the ones from 2007/08. With the This puzzling increase of mercury in seabirds
may be explain by a shift in the food web. Antarctic krill is a central species in the
Southern Ocean food web, in years with low abundance of Antarctic Krill species
are forced to feed on higher trophic level prey. This was the case on 2016/17, so
predators had to feed more in myctophids, that have higher mercury burden than
Antarctic krill, while in 2007/08 there was an high abundance of Antarctic krill.
This results reinforce the importance of Antarctic krill in the Southern Ocean, as
the main prey for several species, but also as a food with lower mercury uptake.

2.07.8

Can stable isotopes in consumers improve interpretation of long-term
contaminant data?

A .M. Karlson, Stockholm University / Dept Ecology, Environment and Plant
Science; C. Ek, Swedish Museum of Natural History; A. Garbaras, Center for
Physical Sciences and Technology

One of the overall objectives of contaminant monitoring programmes is to
evaluate the rate of change in hazardous substances when assessing measures
taken to reduce contaminant loads. Temporal trend monitoring in combination
with compliance monitoring (if contaminants are below or above a specified
threshold) provides a reliable status assessment because the between-year
variability is considered. However, to improve the statistical power of detecting
changes it is critical to reduce both the within- and between-year variability by
adjusting the data for relevant confounding variables. One such potentially
important confounding variable is the trophic position (TP) of organisms
commonly derived using stable nitrogen isotopes (3'°N). Diet is generally the
main route of exposure to organic contaminants and therefore TP of organisms is a
major driver of bioaccumulation. The current EU recommendation regarding
human fish consumption is to adjust the contaminant monitoring data from lower
trophic positions to represent a TP of 3.8 before comparing to Environmental
quality standards in biota. However, as the §'°N is not only indicative of TP but
also reflects the physiological status of a consumer its value for reducing
uncertainty in time series data require investigation. In the Swedish National
Monitoring Programme for Contaminants in Marine Biota, blue mussels (Mytilus
edulis) and herring (Clupea harengus) are, among other species, sampled and
analysed for a wide array of contaminants each year. In this study, we evaluate the
highly variable temporal trends of various contaminants with regard to §'*N and
TP in herring, the latter using blue mussels as an isotope baseline, in 35 years time
series from the central Baltic Sea. Results demonstrate that the 5'°N of herring
better explain the Hg concentrations than the TP of herring, using ANCOVA
analyses. We discuss potential causes for this discrepancy between 5'°N and TP
such as a shifting biogeochemical baseline affecting blue mussels more than
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herring. We conclude that adjusting for "°N but not TP can improve the statistical
power of the highly variable temporal contaminant trends in herring from the
Baltic Sea. Ongoing work aims at comparing TP analysed using a baseline
organism as described above with TP calculated from specific amino acids in
herring only.

Microbial Community Ecotoxicology under Multiple Stressors
Scenarios

2.08.1

Biofilm interactions can modulate microbial decomposer responses to
antibiotics

M. Paumelle, F. Donnadieu, Clermont Auvergne University / Laboratory
Microorganisms Genome and Environment; M. Joly, P. Besse-Hoggan, Clermont
Auvergne University / Institute of Chemistry of Clermont-Ferrand; J. Artigas,
Université Clermont Auvergne

Sulfonamide antibiotics are emerging contaminants often detected in surface
waters because of their frequent use in veterinary medicine, their high excretion
rates and their important chemical stability in the terrestrial and aquatic
environments. Using a microcosm approach, the separate impact of two
sulfonamides (sulfamethoxazole (SMX) and sulfamethazine (SMZ)) on the ability
of aquatic microbial heterotrophs to decompose alder leaves was investigated.
More precisely, we determined whether sulfonamide impact (5 pg L-1) on
microbial decomposer activity varied when microbial communities from leaves
and periphyton were mixed in the same microcosm. As expected, sulfonamides
decreased the biomass of bacteria accumulated in alder leaves but did not modify
that of fungi. Despite these differences in microbial biomass, sulfonamides did not
significantly modify decomposition rates of leaves mediated by microbes
(kcontrol = 0.054 +/- 0.001, kSMX = 0.058 +/- 0.011, kSMZ = 0.060 +/- 0.013).
Only a significant enhancement of b-glucosidase activity in the presence of
sulfonamides was observed and attributed to a stress response set up by bacteria to
face antibiotics. The mix of leaves and periphyton in the same microcosm changed
water physico-chemical characteristics. Through primary production, the presence
of periphyton increased dissolved organic carbon (DOC) concentration and
decreased SUVA254 organic matter recalcitrance index comparing to microcosms
containing leaves alone. The greater DOC availability and its greater
biodegradability in these microcosms significantly reduced alder decomposition
rates (kleaves = 0.057 +/- 0.003, kleaves+periphyton = 0.042 +/- 0.002)
suggesting a decoupling of microbial decomposition activity from particulate
organic matter (leaves) to dissolved organic matter (water). The presence of
periphyton did not emphasize sulfonamide impact on bacterial biomass from
leaves; however, it tended to soften the response of bacterial b-glucosidase
activity after exposure to antibiotics. This study highlights the importance of
biofilm interaction when assessing antibiotic risk in aquatic microbial
communities.

2.08.2

Microbial community structure in a chemically stressed freshwater
ecosystem. Do chemical mixtures play a role?

P. Inostroza, University of Gothenburg / Biological and Environmental Sciences;
G.L. Jessen, Universidad Austral de Chile; R. Quifiones, C. Gallardo, Universidad
de concepcion; X. Zhang, Nanjing University / Environmental Science; W. Brack,
Helmholtz Centre for Environmental Research UFZ / Effect-Directed Analysis; T.
Backhaus, University of Gothenburg / Department of Biological and
Environmental Sciences

Anthropogenically impacted freshwater ecosystems are characterised by complex
chemical mixtures from local to regional scale [1]. Agriculture, mining operations,
and wastewater treatment plant (WWTP) discharges are considered as the main
sources of chemicals into the aquatic ecosystems, with profound impacts at
different ecosystem levels. Microbes play a key role in organic matter and nutrient
recicling in freshwater ecosystems. It has been propossed that the structure of
microbial assemblies changes in response to physical and geochemical features.
However, the chemical pressure from chemical mixtures, as a shaping drivers, has
been widely neglected. WWTP effluents and run-off together with spray drift have
been reported to be the main processes transporting these chemicals into the
aquatic environment. Therefore, the pollution produced by these anthropogenic
activities may jeopardise aquatic organisms and ultimately human health. In this
study, we aimed to: i) characterise a freshwater ecosystem from a physico and
geochemical perspective, ii) identify and quantify complex chemical mixtures, and
iii) assess if complex chemical mixture affect structural patterns of the microbial
community through the River Aconcagua ecosystem in Chile.

2.08.3

Looking beneath the surface: are fungicide effects in sediments comparable
to those in the benthic zone?

E. Bollinger, University of Koblenz-Landau / iES Institute for Environmental
Sciences; J.P. Zubrod, University of Koblenz-Landau / Institute for Environmental
Sciences; M. Konschak, L. Sulzer, J. Schnurr, University of Koblenz-Landau /
iES Institute for Environmental Sciences; R. Schulz, University of Koblenz-
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Landau / iES Landau, Institute for Environmental Sciences; M. Bundschuh,
Institute for Environmental Sciences University of Koblenz-Landau / Department
of Aquatic Sciences and Assessment

Leaf litter decomposition is a microbially driven ecosystem process, that is crucial
for energy and nutrient fluxes in streams and can be negatively affected by
fungicides. Although most of the organic matter is stored in sediments,
information about fungicide effects in the hyporheic zone is missing. In a full-
factorial laboratory experiment (n=7), the effects of a fungicide mixture on the
structure (fungal biomass and sporulation as well as phospholipid fatty acid
fingerprint) and functioning (leaf decomposition) of leaf-associated microbial
communities in the hyporheic and benthic zone was studied. Substrate-
dependence of fungicide effects was tested by using two grain sizes. In the
hyporheic zone leaf decomposition, fungal biomass, fungal sporulation and
general microbial abundance were lower than in the benthic zone, while the
importance of microbes other than fungi increased. This effect is most likely
triggered by differences in oxygen conditions or hydraulic conductivity. In line
with previous studies targeting fungicide effects, benthic fungal biomass and
fungal community composition were affected. However, in the fine-grained
hyporheic zone fungicide effects on leaf decomposition showed a two-fold greater
effect size relative to the benthic zone. This might be caused by a lower hydraulic
conductivity of the fine sediment, which influences the dispersal of
microorganisms as well as oxygen and nutrient fluxes across the sediment-water-
interface and within the sediment. Functional effects, especially in the hyporheic
zone, were not fully explicable by the analyzed structural endpoints. We can
nevertheless conclude, that fungicide effects can be even more severe in the
hyporheic zone, requiring further assessments to improve risk analyses.

2.08.4

Long-term effects of copper nanopesticides on soil and sediment microbiome
diversity in two outdoor mesocosm experiments

M. Simonin, INRAE - IRHS / Biology; L.N. Carley, Duke University / Biology
dept; R. Panchagavi, S. Davenport, North Carolina A&T State University; X.
Song, Duke University; C. Bergemann, Duke University / Nicholas School of the
Environment; A. McCumber, Duke University; C. Gunsch, Duke University /
Civil and Environmental Engineering

The use of novel pesticides containing nanomaterials (nanopesticides) is growing
and is considered a promising approach to reduce the impacts of agriculture on the
environment and human health. However, the environmental effects of these novel
agrochemicals are not fully characterized, and more research is needed to
determine the benefits and risks they confer. Here, we assessed the impacts of
repeated exposures to a Cu(OH)2 nanopesticide on the soil and sediment
biodiversity of target (terrestrial) and non-target (wetland) ecosystems by
performing long-term outdoor mesocosm experiments. As pesticides are often
used concomitantly with other agrochemicals, we also tested for interactive effects
between nanopesticide exposure and fertilization treatments in both ecosystems.
We used high-throughput sequencing on three marker genes to characterize effects
on bacterial, fungal and total eukaryotic community structure and diversity.
Interestingly, we found limited effects of nanopesticide exposure on the terrestrial
soil communities. Conversely, we found significant shifts in the sediment
communities of the wetland mesocosms, especially for eukaryotes (protists, fungi,
algae). In the absence of fertilization, fungal and total eukaryotic community
compositions exposed to nanopesticides for long periods of time were distinct
from unexposed communities. We identified 60 taxa that were significantly
affected by nanopesticide exposure, most of which were micro-eukaryotes
affiliated to Cercozoans, Gastrotricha or unicellular algal taxa. Our study suggests
that this nanopesticide has limited effects on the soil biodiversity of a target
terrestrial agroecosystem, while non-target aquatic communities are more
sensitive, particularly among protists which are not targeted by this
bactericide/fungicide.

2.08.5

Microbial communities and hydrocarbon biodegradation in land sea
continuum

E. Chatillon, IPREM UMRS5254 CNRS UPPA / CME; R. Duran, Pau University /
Biology; F. Rigal, Université de Pau et des Pays de 'Adour / IPREM CME
UMRS5254 CNRS; C. Cagnon, Université de Pau et des Pays de l[Adour / IPREM
CME UMRS5254 CNRS; C. Lorgeoux, GeoRessources UMR 7359 / LIEC CNRS
UMR; P. Faure, Universite de Lorraine; M. Hubert, I. Schmitz-Afonso, C.
Afonso, Université de Rouen Normandie / INSA Rouen UNIROUEN CNRS
COBRA; A. Cébron, Universite de Lorraine / LIEC CNRS UMR; C. Cravo-
Laureau, Université de Pau et des Pays de 1Adour / IPREM CME UMRS5254
CNRS

Microbial communities inhabiting coastal marine sediments play a key role in the
carbon cycle and particurlaly in the degradation of hydrocarbons (HC) resulting
from anthropogenic activities highly concentrated on the coasts. Terrigenous
inputs from the leaching of soil drive the functioning of the coastal ecosystems as
in estuaries with the transfer of organic matter and pollutants. However,
information about the transfer of microorganisms at the community level and the
link with the fate of HC are still missing. The study propose to estimate the impact
of the terrigenous inputs on the relation structure/function of the microbial
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communities in coastal marine sediments exposed to HC. An original
experimental device was set up to mimic the terrigenous inputs, by leaching of the
soil, to the marine coastal sediments for 39 days. Different conditions were
applied, with the addition or not of deuterated hexadecane and phenanthrene in
soil and sediment and planting or not the soil with a grass, Catapodium marineum.
The diversity and functional potential of microbial communities from the different
soils, leachates and sediments, were analysed by 16S and 18S rRNA gene
sequencing (Illumina MiSeq) combined with functional DNA arrays (Geochip).
The HC removal and the metabolites production were characterized by GC/MS
and FTICR. The phenanthrene was removed in soils and sediments while
hexadecane removal was observed only in soil. The metabolite composition was
different between soils and sediments, and among sediments with or without
leaching (control). The terrigenous inputs shape microbial communities in
sediments by providing mixing of microorganisms and/or even ecosystems
indicating a coalescence. The functional gene composition, particularly genes
involved in HC transformation, changed according to the terrigenous inputs and
the presence of plants. In addition, taxonomic and functional patterns were
congruent regarding hydrocarbon degradation genes, suggesting a specialization
of the microbial communities. Finally, microbial indicators (ASVs and functional
genes) were identified in sediments receiving inputs from soil under HC
contamination. Such information provide new insights to develop microbial
indicators that will be helpful to manage hydrocarbon polluted marine coastal
sediments.

2.08.6

Crossing obstacles: fungal transport of bacteria in PAHs contaminated
marine sediments

J. Alvarez, IPREM CNRS UPPA / IBEAS; C. Cravo-Laureau, Université de Pau
et des Pays de IAdour / IPREM CME UMRS5254 CNRS; L.Y. Wick, Helmholtz
Centre for Environmental Research UFZ / Environmental Microbiology; R.
Duran, Pau University / Biology

Polycyclic aromatic hydrocarbons (PAHs) are persistent ubiquitous organic
pollutants that often accumulate in marine sediments. Driven by their
hydrophobicity they tend to be non-uniformly distributed in sediments and, hence,
become differently accessible for microbial degradation. Studies in soil
environments have shown that fungal mycelia provide networks (“fungal
highways”) for efficient bacterial dispersal that enable increased bacterial activity
and efficient PAH-degradation in heterogeneous environments. In contrast to
soils, sediments are water-filled environments with hydrophobic patches in
presence of contaminants resulting in different challenges to bacterial transport by
fungal highways. The aim of our work to assess (i) the ability of bacteria to
disperse along marine fungal mycelia in heterogeneous sediment environments
and (ii) the role of fungi in the selection of specific PAH-resistant bacterial
communities. To that pourpose, eight PAH-degrading bacteria and two marine
fungi (Alternaria sp. and Fusarium sp., with high and low PAH-removal capacity,
respectively) were isolated from a heavily PAH contaminated coastal sediment
(Etang de Berre, France). We test the fungal hyphae as translocation network for
marine bacteria through a gap filled either with air, sterile wet sand, sterile
sediment, or wax mimicking spatially distinct and heterogeneous sediment
conditions. Also the diversity of translocated bacterial communities was analized
by Illumina Miseq. Our results showed that bacterial motility was crucial for the
dispersion since we observed both bacterial transport along the fungal hyphae and
abiotic glass fibers. Fungal mycelia cross and transported bacteria through all type
of gaps showing better performance in hydrophobic gaps (wax and contaminated
sediment). This observation highlight the importance of fungal mycelia in the
dispersion of bacteria in PAH polluted sediment. We also showed that the
bacterial community transported by fungi is not selected by the fungal hyphae (in
tested conditions) being Pseudoalteromonas the most abundant genus. This is the
first study showing the effect of fungal hyphae on the dispersal of PAH degrading
marine bacteria in sediments. Nevertheless, deeper analysis are required in order
to understand the importance of bacterial dispersion and fungi/bacteria
interactions in PAHs degradation in marine sediments.

2.08.7

Nanoscale micronutrients to enhance crop disease resistance: Unintended
consequences in the rhizosphere?

J.C. White, Connecticut Agricultural Experiment Station / Department of
Analytical Chemistry; J. Vangronsveld, W. Sillen, Universiteit Hasselt; W. Elmer,
The Connecticut Agricultural Experiment Station

Achieving and sustaining global food security will become increasingly difficult
as a changing climate increases crop loss due to greater pest and pathogen activity.
Nano-enabled agrichemical delivery platforms offer a unique potential to manage
pathogens and increase productivity with reduced negative environmental
consequences. We have focused on the use of nanoscale micronutrients to
suppress crop diseases through modulation of plant nutrition. The potential of
several Cu nanomaterials to enhance the nutrition and growth of tomato, eggplant,
watermelon, and soybean upon fungal infection was evaluated. The particles were
foliarly applied once (100-500 mg/L; 1-2 mL dose) to seedlings prior to 30-40
days of growth in the greenhouse or full life cycle in field studies. Fungal
infection reduced plant growth by up to 65% across all species but foliar
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amendment with nanoscale Cu significantly reduced disease. For example, disease
was reduced by 31-40% in tomato, resulting in significantly greater plant mass.
Similar findings were reported for field studies with tomato, eggplant and
watermelon. In tomato and soybean, the time-dependent expression of genes
integral to plant defense was shown to be uniquely modulated by nanoscale Cu
and Si amendment. However, any application of nanotechnology in agriculture
must include a thorough understanding of the potential implications of this
strategy. For example, work from our group has shown that certain nanoscale
materials may offer some benefit to the plant but may also cause negative changes
in the microbial community in the plant rhizosphere. We analyzed the
metatranscriptome of the maize rhizosphere and observed multiple unintended
effects of 117-d exposure to 100 mg/kg nanosilver. The Archaea population was
reduced by 30%, and as such, their involvement in nitrogen cycling was
compromised. In addition, certain potentially phytopathogenic fungal groups
showed significantly increased abundance (up to 5-fold), likely due to the negative
effects of nanosilver on bacteria that exert natural biocontrol against these fungi as
indicated by negative interactions in a network analysis. Collectively, these results
highlight the potential of nano-enabled strategies to increase food production but
also highlight the importance of gaining a thorough understanding of the relevant
mechanisms of action so as to ensure the safety and sustainability of these
approaches.

2.08.8

The effect of oxytetracycline long-term exposure on zebrafish and water
microbiome in a post-exposure scenario

A.M. Almeida, University of Aveiro / Biology; I. Domingues, University of
Aveiro / Biology Department & CESAM,; 1. Henriques, University of Coimbra /
CESAM & Department of Life Sciences, Faculty of Sciences and Technology
Due to food demand, aquaculture industry has been growing fast. Thus, to supply
all the necessities, fish are usually grown in stressfully conditions, allowing the
easy dissemination of diseases. Due to its broad-spectrum, oxytetracycline (OTC)
is one of the most used antibiotics in the aquaculture industry to prevent economic
loss. It is known that this compound is poorly absorbed by fish and 70-90% of this
compound is excreted, reaching the aquatic environments and affecting non-target
organisms. Moreover, in their natural environment, fish are not always exposed to
this chemical stress and a post-exposure scenario may occur. Thus, our work
intended to study the effect of OTC long-term exposure on zebrafish and water
microbiome in a post-exposure condition. Zebrafish adults were exposed to two
concentrations of OTC (0 and 10000 pg/L) via water exposure for two months.
After this period, organisms were transferred to clean water for one month.
Samples were collected at 5 days and 2 months of exposure (SdE and 2mE) and at
5 days and 1 month of post-exposure (S5dPE and 1mPE) period. DNA was
extracted from fish gut and water samples in triplicate. Then, V3-V4 region of the
bacterial 16S rRNA gene was sequenced using Illumina technology. Changes in
alpha and beta diversity were evaluated. Results revealed that, at OTU
(Operational Taxonomic Unit) level, OTC exposure had an impact in the
community structure after SAE for both water and gut microbiome sharing low
similarity with the control group (28 % and 36 %). In addition, the same tendency
was observed after 2mE although not so evident in fish gut microbiome (56% of
similarity). Regarding the post-exposure period (5dPE and 1mPE), exposed and
non-exposed communities shared higher similarity levels than during exposure
indicating a recovery of microbiome structures. Diversity indexes revealed no
differences in fish gut microbiome. On the other hand, in water microbiome, a
significant decrease in species richness was observed after 2mE and an increase
after ImPE. Concluding, our results indicate that OTC affects zebrafish gut and
water microbiomes and the impact is detectable after SdE and 2mE. Nevertheless,
when the exposure ceased, bacterial communities appear to recover, becoming
more similar to control communities. Therefore, to better understand the real
ecological impact of antibiotic exposure, future works should consider more
realistic scenarios including post-exposure impacts.

2.08.9

Connecting gut microbiome changes and fish metabolism in oil exposure
studies

G. Monticelli, University of Stavanger / Department of Chemistry, Bioscience and
Environmental Engineering; A. Bagi, NORCE - Norwegian Research Centre,
Stavanger; 1. Vieweg, UiT The Arctic University of Norway; J. Nahrgang,
University of Tromse / Arctic and Marine Biology; D. Schlenk, University of
California, Riverside / Department of Environmental Sciences; D.M. Pampanin,
University of Stavanger / Department of Chemistry, Bioscience and
Environmental Engineering

Recent studies show that the exposure of fish species to contaminants, including
polycyclic aromatic hydrocarbons (PAHs) can influence the diversity of the
intestinal microbial community. The relationship between gut microbiome
changes and the fish gut metabolism is, however, less understood. Two exposure
studies were carried out using crude oil. In the first experiment, juvenile Atlantic
cod (Gadus morhua) were exposed to dispersed crude oil (0.05 ppm) for 1, 3,7
and 28 days. In the second treatment, adult polar cod (Boreogadus saida) were
exposed to the water-soluble fraction of crude oil (0.0125 ppm) for 47 and 131
days during polar night, an important season for polar cod reproduction. The

SETAC Europe 30th Annual Meeting Abstract Book



general health condition of each fish was evaluated by calculating the condition
index and hepatosomatic index. The adverse effects of oil exposure was monitored
by supporting data such as the PAHs metabolites in juvenile Atlantic cod and the
measurements of cytochrome P450 (cypla) in liver. Metagenomic analyses were
performed to characterize the species composition, richness and diversity of the
gut microbial community. In addition, RNA-sequencing was also conducted to
provide gene expression information within the gut microbiome, giving insight in
functional changes of the microbiome and potential interactions with the host. An
Illumina MiSeq platform was used for metabarcoding (V4-V5 region of the 16S
rRNA gene) and for mRNA sequencing. The 16S rRNA sequencing results were
examined with the software- QIIME2 and R packages. The taxonomy study
revealed that the most abundant orders in the juvenile Atlantic cod gut were
Vibrionales, Mycoplasmatales, Actinobacteridae, Alteromonadales,
Rhodobacterales and Pseudomonadales. The connection between the changes in
the functional profile of the gut microbial community (metatranscriptome) and the
fish gut metabolism (host transcriptome) were studied through differential
expression analysis. This approach is an important step forward from
metabarcoding and metagenomics studies toward better understanding of the
interaction between toxicants and microbiome and between microbiome and host.

2.08.10

Gut microbiota and host-related responses of Xenopus laevis tadpoles
exposed to nanoparticles

L. Evariste, M. Barret, C. Baratange, A. Mottier, ECOLAB UMR5245 CNRS
UPS INPT; E. Flahaut, CIRIMAT UMR CNRS 5085 UPS INPT; F. Mouchet,
ECOLAB UMRS5245 CNRS UPS INPT / Integrative ecotoxicology; E. Pinelli, L.
Gauthier, ECOLAB UMR 5245 CNRS UPS INPT

The worldwide increase of nanoparticle (NPs) uses and production raises the
question of the potential consequences of their release in the environment,
especially in the aquatic environment in which it is likely to accumulate. Among
these NPs, boron nitride nanotubes (BNNT) or graphene family materials such as
graphene oxide (GO) are triggering high expectations for the development of new
applications. Thus, there is a need to evaluate their biological risk. Gut microbiota
constitute a compartment of crucial importance in regulation of host homeostasis.
However, most of ecotoxicological studies neglect its role in toxicity-related
responses of host organisms. Thus, the aim of this work is to assess the effects of
exposure to these NPs toward the gut microbial communities of X. laevis tadpoles
to determine the consequences of these changes on host physiological responses.
For this purpose, growth of larva exposed to NPs was monitored and total DNA
from intestines was extracted. The structure of microbiota was assessed by high-
throughput sequencing, targeting the V4-V5 region of the bacterial 16S rRNA
gene (Illumina MiSeq). Opposite effects were observed on host physiology,
resulting in a dose-dependent increase or decrease of larval growth rate after
exposure to BNNT or GO respectively. The results obtained from gut microbiota
survey indicated that microbial communities were modified by exposure to both of
the tested NPs, leading to a decrease of diversity index at high BNNT
concentration and at low GO concentration. In both cases, relative abundance of
the major phyla constituting the gut microbiota was modified after NP exposure.
Statistical analysis suggested a strong implication of the phylum Bacteroidetes in
the host response related to growth parameters. Studying gut microbia
composition in response to nanoparticle exposure constitute a good marker of
metabolic changes in host.

Soil Ecotoxicology: New Methods and Novel Applications in
Environmental Risk Assessment

2.09.1

Identifying structural responses of bacterial, fungal and eukaryote
communities to trace-metals using multi-marker metabarcoding

D. Spurgeon, Centre for Ecology & Hydrology; O. Rimmington, Cardiff
University; L. Newbold, Centre for Ecology & Hydrology; A. Robinson, UK
Centre for Ecology & Hydrology; A.A. Horton, NERC Centre for Ecology and
Hydrology; C. Svendsen, CEH, Wallingford / Pollution and Ecotoxicology; E.
Lahive, Centre for Ecology and Hydrology; C. Schultz, UK Centre for Ecology
and Hydrology; P. Kille, Cardiff University / School of Biosciences; A.J. Lawlor,
Centre for Ecology & Hydrology; S. Lofts, UK Centre for Ecology & Hydrology /
Environmental Contaminants Group

The pollution of soils by multiple metals released from mining and smelting
activities is one of the most pervasive and intractable pollution issues faced today.
To understand the effects of metal pollution on ecosystem services, we need to
better understand how metals impact on the often unseen soil biodiversity that
contributes to key soil processes, such as the bacteria fungi and micro-eukaryotes.
The Avonmouth smelter located in the UK was, during its operational life (1928-
2003), the largest primary Cd/Pb/Zn smelter in Europe and also one of the largest
point pollution sources on the continent. Sampling of 92 soils from sites in the
area around the smelter revealed prevailing metal concentrations resulting from
aerial deposition from this source ranging from grossly polluted e.g. Cd, Pb, Zn of
300 mg/kg, 1000 mg/kg and 30,000 mg/kg respectively to near background at >12
km distance. These measured concentration were used to calculate multi-
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substance potentially affected fractions (msPAF) for all soils to indicate the
potential metal stress experienced by the soil community. The structure of the
bacterial, fungal and eukaryotic communities inhabiting the sampled site soils
were also characterised using 16S rDNA, ITS and 18S rDNA marker gene
metabarcoding. This complex multi-dimensional data-sets was then interrogated to
identify the main drivers of soil community change with the aim of identifying
metal stress to community structure relationships and identifying characteristic
indicators of the metal pollution load. Rank order tests were used to correlate
entropies with variables to identify primary driver-diversity relationship. Trace
metal concentration and soil pH were identified as driving variable of community
structure, however, relationships against overall diversity metrics were relatively
weak. Cluster analysis was used to identify the minimum number of community
types (i.e. sets of related species) present in the region. The distribution of these
clusters could be clearly related to soil pH and also the total concentration of
metals and bioavailable concentrations in the site soils. Finally, Al algorithms
were used to build a models that predict the minimal set of indicator species
needed to correctly categorize soils according to their prevailing levels of both soil
metal stress and pH.

2.09.2

Proteomic profiling to unravel the mechanisms of Ag NM300K in
Enchytraeus crypticus - novel approach to understand risks

V. Maria, Biology Department of Aveiro University / Biology & CESAM; D.
Licha, University of Salzburg / Department of Biosciences, Bioanalytical
Research Labs; J.J. Scott-Fordsmand, Aarhus University / Biosciences
Department; C. Huber, University of Salzburg / Department of Biosciences,
Bioanalytical Research Labs; M. Amorim, Universidade de Aveiro / Biology
Department & CESAM

Silver nanomaterials (Ag NMs) are one of the most investigated and explored
nanotechnology-derived nanostructures. Despite their remarkable advantages in
the industrial and medical applications, their toxicity became an issue of intense
study. The ecotoxicological soil model, Enchytraeus crypticus already
demonstrated altered molecular responses (e.g. gene expressions and DNA
damage) to Ag NM300K, a reference NM. In order to have a mechanistic
interpretation of its toxicity, a proteomic approach was applied using high-
throughput (HTP) tools. Untargeted proteomics was performed using HPLC
coupled to high-resolution mass spectrometry. Reversed-phase (RP) in
combination with tandem mass tags was used for quantification of protein
expression levels. EC20 and EC50 reproduction effect concentrations of Ag
NM300K and AgNO; were tested after 14 days. A delay in toxicity was observed
across both Ag forms. Generally, Ag NM300K caused increased protein
expression, whereas AgNOs caused inhibiting effects. Diverse common proteins
were linked to the same biological processes, namely, energy metabolism,
cytoskeletal structural role, glycosylation, and S-adenosyl methionine cycle Ag
forms. On the other hand, fewer unique processes related to oxidative stress are
associated with AgNO;, while Ag NM300K (EC20) was linked to stress
metabolism. Since a shift in the regulation of most protein was found, the affected
biochemical pathways (despite being the same) may cause dissimilar
physiological outputs in E. crypticus, and therefore, different apical effects.
Hence, these signatures can be used to reveal mainly metabolism-mediated
toxicity mechanisms from Ag forms in E. crypticus.

2.09.3

Applying the EFSA Scientific Draft Opinions on standard testing in
terrestrial ecotoxicology: Current state, challenges and outlook

M. Candolfi, Eurofins Agroscience Services Ecotox GmbH; A. Duffner, Eurofins
Agroscience Services Ecotox GmbH / Terrestrial Ecotoxicology Lab; C. Walter,
E. Wagenhoff, Eurofins Agroscience Services Ecotox GmbH / Terrestrial
Ecotoxicology; T. Moser, Eurofins Agroscience Services Ecotox GmbH /
Terrestrial Ecotoxicology (Lab)

In the recently published EFSA draft opinions for Non-Target Arthropods (2015),
Non-Target Terrestrial Plants (NTTP) (2014) and in-soil organisms (2017), EFSA
outlined several gaps in the current environmental risk assessment and proposed
e.g. the testing of herbivorous lepidopteran larvae to cover the oral exposure route,
the replacement of artificial soil by representative natural agricultural soil as
intermediate tier, to use alternative species of in-soil organisms in laboratory
standard testing, and the testing of generative endpoints of crop and non-crop
plant species. Additionally with regard to NTTP, the technical report of EFSA
(2019) concluded that the ERx for visual injuries should be reported and used for
the risk assessment. In the past years experiments with herbivorous lepidopteran
larvae, study designs with different natural soils and the endogeic earthworm
Aporrectodea caliginosa or the epigeic springtail species Sinella curviseta were
conducted to evaluate the feasibility of the potential new requitements. For NTTP
greenhouse studies to assess generative endpoints of crop and non-crop species
were also conducted. In addition we evaluated visual injury in NTTP studies
where where this endpoint was more sensitive than the usually measureable
variables. Key results of these experiments are summarized, feasibility and
benefits as standard testing discussed and challenges as well as further research
required are debated.
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2.09.4

Uptake, toxicity, and maternal transfer of cadmium in the oribatid soil mite,
Oppia nitens: Implication in the risk assessment of cadmium to soil
invertebrates

H. Fajana, University of Saskatchewan / Department of Soil Science; K. Jegede,
K.J. James, University of Saskatchewan / Toxicology Centre; N.S. Hogan,
University of Saskatchewan / Department of Animal and Poultry Science and
Toxicology Centre; S. Siciliano, University of Saskatchewan / Department of Soil
Science

Cadmium (Cd) is a heavy metal of concern in contaminated sites because of its
high toxicity to soil biota and humans. Typically, Cd exposure is thought to be
dominated by dissolved Cd in soil pore water and, thus, dermal uptake. In this
study, we investigated the uptake, toxicity, and maternal transfer of Cd in a
standard soil invertebrate, the oribatid mite (Oppia nitens), which is common to
boreal and temperate ecozones. We found total soil Cd predicted Cd uptake in
adult and juvenile O. nitens with no significant uptake from pore water by juvenile
mites. Cadmium significantly inhibited juvenile production and recruitment as
well as reduced adult fecundity. Adult O. nitens maternally transferred 39 to 52 %
of their Cd body burden to juveniles (tritonymphs) while the maternally-acquired
Cd accounted for 41 % of the juvenile internal Cd load. Our results suggest that
dermal adsorption of metal ions is not important for O. nitens and that maternal
transfer of Cd in soil invertebrates has ecological and toxicological implications
for populations of soil invertebrates. Maternal transfer should be incorporated as a
criterion in setting environmental soil quality guidelines (SQGE) for cadmium and
other non-essential heavy metals.

2.09.5

Can the Avoidance tests work as a tool to evaluate the influence of soil pH in
earthworm’s re-colonization after a fumigant application?

A.C. Gabriel, University of Aveiro / Department of Biology and CESAM Centre
for Environmental and Marine Studies; T. Natal da Luz, University of Coimbra /
CFE - Centre for Functional Ecology, Department of Life Sciences, University of
Coimbra; I. Lopes, University of Aveiro / Department of Biology & CESAM -
Centre for Environmental and Marine Studies; J. Sousa, University of Coimbra /
CFE - Centre for Functional Ecology, Department of Life Sciences

Dazomet is a fumigant used in agriculture to control fungal diseases and nematode
pests and its efficiency may vary with soil pH due to the mode of action of its
active ingredient (dazomet). In consequence of this chemical behaviour, the toxic
effects induced by dazomet to non-targeted organisms are also dependent on soil
pH. Fumigants are often weakly persistent in soil (DT50 of 1 to 2 days) and,
because of that, their effects are usually severe immediately after application but
tend to disappear with time. Thus, soil recolonization may be possible few days
after the fumigant application. However, the period of time needed for a
recolonization may also depend on soil pH. This aspect is highly relevant since, as
advocated by EFSA, the acceptability of the magnitude of effects of a product in
the environment depends on the recolonization time that must be assured in a
relevant time frame. Thus, the evaluation of the impact of dazomet to the
environment under different soil pH values should encompass not only the
assessment of its immediate toxic effects to non-target organisms but also the time
needed to occur the recolonization of the soil system after its application.
Avoidance tests with soil invertebrates have been used to evaluate soil
contamination, but these tests may also assist in the definition of the time frame
needed for a recolonization after a negative impact. This work aimed to assess the
influence of soil pH in the toxicity of dazomet to the earthworm Eisenia andrei.
For this, the following tests were performed with soils with different pHs to
achieve two specific goals: (1) earthworm reproduction tests to evaluate the
immediate effect of dazomet in E. andrei and (2) avoidance tests with soils
contaminated with dazomet differently aged to define the time period needed to
expect a recolonization of the impacted soil. Reproduction tests suggested that
toxicity of dazomet is not pH dependent, however, EC50 values estimated for the
three soil pHs were always lower than the dazomet recommended doses. This
indicates that the recommended dose is critically dangerous to soil organisms.
Avoidance tests with different aged soils showed that higher soil pH values
promote faster dissipation of fumigant indicating that, in high-pH soils,
recolonization may occur earlier. The present data evidences that avoidance tests
may be an important tool to predict the time period needed to occur a
recolonization of the system after a negative impact.

2.09.6

Focal and target species in ecology, nature conservation and risk assessment,
a sometimes confusing matter of definition

H. Eijsackers, WUR/NWU; M. Maboeta, North-West University / Unit for
Environmental Sciences and Management

In conservation ecology, keystone species as well as umbrella and flagship species
are coined for their special position and roles that they play in the community of
which they are part. A keystone species will typically have large effects on their
habitat despite its abundance and plays a critical role in the structure of the
ecological community of which they are part of. In comparison, a flagship species
is the poster child which is typically used in conservation campaigns and
sometimes are also referred to as umbrella species. In The Netherlands and
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European nature conservation policy there is an important role for focal or target
species: target for conservation and recovery management. These species are
selected because they are rare, significantly declining or predominantly present in
the Netherlands. In the EU pesticide approval regulations, focal species are
important for tier 2 and 3 assessments. These species represent specific functional
groups in the food web (like seed eating birds) in order to be able to calculate the
bioaccumulation in these focal species and the resulting bioconcentration in the
food chain. ECHA biocide regulations have a special category for target species
(PT 18) in which species are targeted to be eradicated by the application of
pesticides, whereas PT19 comprises compounds that work as repellent. In
ecotoxicological assessment procedures used in EU- and US environmental
standard setting, species are treated as statistical entities with different sensitivities
which show a normal distribution as total group. One of the tail parts of that
distribution is extremely sensitive while the other tail part is extremely
resistent/unsensitive. Looking at circumscriptions of the term focal or target
species in these fields, it is clear that they don’t have the same meaning, an origin
for misunderstanding and mismanagement. This paper intends to describe these
differences, clarify misunderstanding and misinterpretation, and provide some
solutions.

Soil Function and Biodiversity: Impacts and Resilience under
Stressed Environments

2.10.1

Soil Biodiversity: Current status and further developments (Results of the
SETAC Europe Special Science Symposium 14)

C. van Gestel, Vrije Universiteit Amsterdam / Ecological Science; L. Mommer,
Wageningen University / Plant Ecology and Nature Conservation; S. Pieper,
German Federal Environment Agency (UBA) / Plant Protection Products; M.
Coulson, ERM Regulatory Services Limited; L. Montanarella, European
Commission - Joint Research Centre; J. Rombke, ECT Oekotoxikologie GmbH
Protecting the structure and functioning of soil ecosystems is one of the central
aims of current regulations on chemicals in soil. This is, for instance, shown by
the emphasis on the protection of key drivers and ecosystem services as proposed
as protection goal options by the European Food Safety Authority (EFSA) and by
the United Nations Food and Agriculture Organization (FAO). Safeguarding soil
biodiversity is key to protecting ecosystem services — a fact which is also getting
acknowledged by the general public. This requires insight into soil biodiversity,
its role in the functioning of ecosystems and the way it responds to stress. It also
asks for tools and methodologies for properly assessing biodiversity. The central
aim of the SETAC Europe 14th Special Science Symposium (SESSS) was,
therefore, to provide a state-of-the-art overview on soil biodiversity and soil
functions, with respect to protection goal options as well as the effects of
chemicals and other stressors. It was discussed how different approaches could
contribute to informing future risk assessment of chemicals in the regulatory
context of protecting soil organisms and soil ecosystems. Based on the
contributions presented, it was concluded that current single-species testing for
chemical compounds has its value. However, there should be more emphasis on
multi-species interactions in the soil ecosystem, both in higher-tier testing and
modelling. Widespread interest was noted in going beyond testing of single
chemicals and environmental realism should be realized by accounting for the
interaction of multiple stressors. Testing should acknowledge the effect of time in
ecological processes, long-term exposures, development of exposure levels,
multiple generation effects, delayed effects etc. Assessing biodiversity should
account for regional differences in climatic factors, soil properties or land
management practices. Recent developments in modelling could help with all the
above aspects and should be included early in the process of risk assessment.
Finally, post-registration monitoring was felt necessary to help inform on the
impact of chemical and non-chemical stressors in the field, something which
cannot easily be incorporated in pre-registration. It became clear that this issue in
general and the implication of the recommendations made into daily practice of
risk assessment of contaminants as well as protecting soils in general will require
further efforts (e.g. another workshop).

2.10.2

Can metals mixtures negatively impact soil functioning in the absence of
structural effects? - A TME experiment

J. Renaud, CFE - Centre for Functional Ecology; H. El Morabet, University of
Vigo / Department of ecology and animal biology; F. Reis, P. Martins, CFE -
Centre for Functional Ecology; T. Natal-da-Luz, CloverStrategy / CloverStrategy;
S. Siciliano, University of Saskatchewan / Department of Soil Science; J. Sousa,
University of Coimbra / CFE - Centre for Functional Ecology, Department of Life
Sciences

Soils are habitat to a variety of flora and fauna, a heavily linked ecosystem that
provides essential ecosystem services. Metals, as a result of anthropogenic
activities can accumulate at high concentrations in soil, leading to toxic effects
threatening the ecosystem and the services it provides. Current regulatory
guidelines are based on single species responses to individual metals ignoring
indirect effects inherent of the inter-linked nature of ecosystems and the effects of
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contaminant on ecosystem functioning. In this study we tested three mixture ratios
(ARL, CSQG, SUD) of five metal oxide (lead, copper, nickel, zinc, cobalt) at
three dose level (Low, Med, High) in a terrestrial model ecosystem experiment, to
determine if changes to soil invertebrate community implies changes to soil
functioning and/or vice-versa. Metal mixtures did not affect invertebrate
community structure, with only slight effects detected for invertebrate traits.
Despite the lack of effects on structural endpoints, mixtures produced significant
reductions in organic matter decomposition and feeding activity, although this
parameter recovered over time. Soil enzymes DHA and Nitrification were
severely affected with a reduction in activity below 50% of control levels, in all
dosed treatments. These data demonstrate that ecosystem functioning might not be
directly linked to commonly measured structural parameters, and at least metal
contamination enzyme activity should be followed closely. For the adequate risk
assessment of metal contaminated sites, holistic site-specific approaches consider
both ecosystem structure and function should be pursued if the goal is adequate
environmental protection.

2.10.3

Nanofertilizers as sustainable innovative agroproducts? Let soil organisms
decide!

C.C. Malheiro, Department of Biology, University of Aveiro / Biology; M.
Prodana, D. Nunes Cardoso, University of Aveiro / Departament of Biology &
CESAM; A.M. Soares, Universidade de Aveiro / Dep. Biology & CESAM; R.
Morgado, University of Aveiro / Departament of Biology & CESAM; S. Loureiro,
Universidade de Aveiro / Biology

Current global food demands pose huge challenges for sustainable food
production, putting more pressure to terrestrial ecosystems. The current negligent
use of plant protection products and mineral fertilizers is one of the major causes
of ecosystem services deterioration. So, it is highlighted the need to improve
sustainable agricultural methods in order to meet productivity demands, without
compromising environmental integrity or public health. Innovative agroproducts,
such as layered double hydroxides (LDHs), have received increasing attention due
to their ability to achieve a more efficient use of resources, matching crop
demands with controlled nutrient supply. It is a great scientific challenge to verify
if these smart nanomaterials are capable of increasing agricultural productivity
without compromising functional biodiversity. Therefore, this study aimed at
investigating the effects of two different types of LDHs - ZnAIl-LDH and MgAl-
LDH - on the avoidance behaviour and reproductive output of the soil invertebrate
species Enchytraeus crypticus. Tests were performed with fresh and aged LUFA
2.2 soil spiked with ZnAl-LDH and MgAI-LDH (nominal concentrations ranging
from 100 to 9766 mg product kg-1 soil were selected) to evaluate the influence of
LDHs on the soil habitat function throughout time. The avoidance behaviour tests
showed that different LDHs types induced different strategies. When confronted
with ZnAI-LDH treated soils, organisms avoided at concentrations above 1563 mg
kg-1, suggesting some lack of ability to deal with this constraint by preferring
clean soil. As for MgAl-LDH, when soil was treated with this nanomaterial,
enchytraeids preferred the treated soils, except in the highest concentration (9766
mg kg-1). Overall, avoidance behaviour were corroborated by reproduction
experiments, suggesting it as a cost-effective tool for time-course assessments of
habitat suitability. Enchytraeids were able to detect both LDHs types in soil due to
the presence of sensory receptors and, while in ZnAl-LDH treated soil,
enchytraeids considered it as harmful and moved to more favorable place to
escape, in MgAI-LDH treated soil, enchytraeids considered it as more favorable.
Depending on the nanomaterial type, LDHs application in soils may lead to a loss
of soil habitat function due to organisms’ behaviour of escaping to a more
favourable place, preventing organisms of performing specific functions and
potentially impairing soil ecosystem functioning.

2.10.4

Long-term effects of Cu(OH)2 nanopesticide on soil microbiome

S. Lopes Peixoto, CESAM & University of Aveiro / Department of Biology; S.
Loureiro, Universidade de Aveiro / Biology; I. Henriques, University of Coimbra /
CESAM & Department of Life Sciences, Faculty of Sciences and Technology
Cu-based nanopesticides, with nanosized active ingredient-Cu(OH),, are
commonly used in vineyards, to protect crops from fungal and bacterial diseases.
However, their antimicrobial broad-spectrum may result in unintended
consequences on soil microbiome (SM). Thus, our study aims to evaluate the
long-term effects of a Cu(OH)2 nanopesticide [Kocide®3000] on the SM,
simulating applications on vineyard areas. Moreover, Porcellionides pruinosus
(isopods) was included in this experiment, as one of the key organisms that exist
in farming-based systems. Microcosms were setup with 5 replicates per condition
including: unexposed soil (CT), soil spiked with Cu(OH)2 nanopesticide (K), or
ionic Cu(OH):—as a ionic control (IC). Copper concentrations tested were 0.45
mg(Cu).kg™" soil (single application) and 19.86 mg(Cu).kg" soil (season
application), according to the manufacturer recommendations. After 90 days of
exposure, structural effects (by denaturing gradient gel electrophoresis of both
bacterial and fungal communities) and functional effects (by B-glucosidase (BG)
activity and community level physiological profiling-CLPP) were assessed.
Copper dissolution was quantified by soil porewater measurements (by flame
Atomic Absorption Spectrometry). In parallel, microcosms were setup in the same
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conditions but with the isopod (n=3 individuals per replicate). After 90 days, only
the porewater obtained from spiked soils with K (season application) revealed a
significantly higher copper level, regardless of isopods presence. The soil bacterial
community exposed to both K or IC presented a significant richness decrease, and
diversity and evenness increase, compared to the CT. Fungal communities were
mainly affected by the K, resulting in a significant lower diversity and richness at
season application. In the presence of isopods significant effects were not
observed. At functional level, a significant decrease on BG activity and an
increase on carbon consumption (CLPP) were observed for communities exposed
to the K. The effects on CLPP were not observed in soils with isopods, suggesting
an attenuation of the effect of the K. In the presence of isopods, the BG activity
showed to be significantly lower in soils spiked with K. This study demonstrates
that Cu(OH)2 nanopesticide significantly impact the SM, possibly affecting its
ecological role. On the other hand, invertebrates may attenuate this effect, perhaps
due to microbial growth stimulus resulting from soil oxygenation.

2.10.5

PESTICIDES IMPACT ON SOIL MICROBIAL COMMUNITY
COMPOSITION AND ACTIVITY

A. Astaikina, Moscow State University / Soil Science; R. Streletskii, M. Maslov,
Moscow State University / Department of Soil Science

Assessment of the effect of crop protection agents on the composition and activity
of the microorganisms is a classical problem of microbiology. Although the
impact of pesticides is considered to be negative, the scope of this phenomenon,
presence and duration of its chronic effects, consequences of regular pesticide
application for a microbial community are not determined. These problems can be
solved only with a help of modern molecular-genetic methods in conjunction with
the traditional methods of soil microbiology. The impact of three types of
pesticides (herbicide metribuzin, insecticide imidalocloprid, and fungicide
benomyl) has been assessed using the method of next-generation sequencing
(NGS). The pesticides have been applied both separately and together at one- and
ten-fold rates on the structure of microbial complexes and indicators of biological
activity of Albic Retisols (the Moscow region). It has been discovered that
pesticides have a greater impact on a fungal community compared with a
prokaryotic one where only the changes of phyla of actinobacteria and
proteobacteria occurred. The research of fungal communities based on the results
of molecular-genetic analysis has revealed two dominant divisions of fungi in all
soil samples - Ascomycota (72.6 + 8.0%) and Basidiomycota (26.0 = 7.7%).
Moreover, the samples with ten-fold pesticide application rate (both in a mixture
and separately) have been revealed to have the amplification of the Basidiomycota
division. Pesticide application has a short-term stimulating effect on the carbon
content of microbial biomass. It has been shown that insecticide imidalocloprid
stimulates nitrogen fixation whereas other types of pesticides do not affect this
factor. The study was funded by RFBR according to the research projects No 18-
316-00054 and No 18-016-00130.

2.10.6

Agroecosystems' soil quality under long-term exposure to pesticides

N. Pereira, Universidade Estadual do Oeste do Parana / Agricultural Engineering;
M. Paoletti, Universidade Estadual do Oeste do Parana / Departamento de
Ciéncias Biologicas; A. Bach, C. Bergmann Kirsch, Universidade Estadual do
Oeste do Parana / Departmento de Ciéncias Biologicas; J. Theodoro, V.M.
Prasniewski, Universidade Estadual do Oeste do Parana / Departamento de
Ciéncias Biologicas; A. Chessa, CIIMAR - University of Porto / BIOSI- Cardiff
University; S.C. Sampaio, Universidade Estadual do Oeste do Parana /
Departamento Engenharia Agricola; L.A. Zanao Jinior, Instituto Agronémico do
Parana / Solos; P. Kille, Cardiff University / School of Biosciences; N.
Szinwelski, Universidade Estadual do Oeste do Parana / Departamento de
Ciéncias Biologicas; A.B. Guimaraes, Universidade Estadual do Oeste do Parana /
Department of Biostatistics; N.G. Ferreira, School of Biosciences - Cardiff
University / CIIMAR - University of Porto

Pesticides and their metabolites are pollutants that tend to accumulate in
agroecosystems due to extensive land use. In the western state of Parana in Brazil,
the extensive use of pesticides on farms has been identified as the biggest problem
that affects farms' sustainability and soil biodiversity. The region of Santa Tereza
do Oeste was selected as a study area since it presents the ideal conditions for
impact assessment of different land uses and occupations, divided into urban and
agricultural areas and the forest from the National Park of Iguazu (along with its
edge). The objective of this study was to identify the impact of long-term use of
pesticides on agroecosystems and their effects on soil quality and microbiome.
Soil samples were collected at 12 points from each area. We evaluated soil’s
physical-chemical properties (e.g fertility, pH, CEC, SOC, bulk density, porosity,
humidity), pesticides residues, soil enzymatic activities and the microbiome
community composition (metabarcoding - 16S). The physical-chemical results
show higher concentrations of nutrients and soil organic carbon (SOC) in soils
from forest and its edge and better physical structure as well, indicating
degradation in soils from rural and urban area. Similar concentrations of
pesticides’ residues were identified in all the areas. Arylsulfatase and alkaline
phosphatase activities presented higher values in soil from forest and its edge,
while the B-glycosidase activity was higher in soils from the urban area and the
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acid phosphatase shows higher activity in soils from rural areas. The long-term
pesticides use in agroecosystem decreased the diversity of the bacterial
community. The results indicate that some key factors associated with pesticides
long-term use impacts soil quality by changes in nutrient availability, enzymatic
activities and physical degradation. This project was supported using seed funding
from Cardiff University’s GCRF QR Funding from the HEFCI for Wales. Dr
Nuno Ferreira show by a MSC COFUND Fellowship (H2020-COFUND-
SIRCIW>MINT-512202) through EU, Welsh Government and Cardiff University.
Natalia Pereira was financed by the Coordenagdo de Aperfeicoamento de Pessoal
de Nivel Superior — Brasil (CAPES).

Advances in Bioavailability Science and Application to
Chemical Regulation

3.01.1

BIAVAILABILITY OF ORGANIC CHEMICALS IN SOILS AND
SEDIMENTS: POTENTIAL REGULATORY ASPECTS?

J. Ortega-Calvo, Instituto de Recursos Naturales y Agrobiologia / Agroquimica y
Conservacion del Suelo

The bioavailability of organic chemicals is an important area of scientific
investigation for environmental scientists, although this area of study remains only
partially recognized by regulators and industries working in the environmental
sector. Regulators have recently started to consider bioavailability within
retrospective risk assessment (rRA) frameworks for organic chemicals; by doing
so, realistic decision-making with regard to polluted environments can be
achieved, rather than relying on the traditional approach of using total-extractable
concentrations. However, implementation into prospective risk assessment (pRA)
remains difficult because scientific developments on bioavailability are not always
translated into ready-to-use approaches for regulators. The presentation provides
an overview of existing bioavailability concepts and methods for organic
chemicals, options for their innovative application and standardization, as well as
pathways for the justifiable implementation into RA and regulation. The
presentation will build on a book, edited by Springer (Bioavailability of Organic
Chemicals in Soil and Sediment, The Handbook of Environmental Chemistry, no.
698), that will published in late 2019/early 2020, with individual chapters from
main actors in bioavailability science and regulation, and edited by J.J. Ortega-
Calvo and J.R. Parsons (UvA, The Netherlands). Over the last 30 years, numerous
publications have discussed the concepts and definitions of bioavailability of
organic chemicals. Still with a general consensus at the scientific community on
the relevant bioavailability processes, the main schools of thought considered
bioavailability (focusing on the aqueous or dissolved contaminant),
bioaccessibility (incorporating the rapidly desorbing contaminant in the exposure),
chemical activity (determining the potential of the dissolved contaminant for
biological effects) and non-extractable residues (NER). These concepts are the
basis for different methodologies, ready to be used in regulation (desorption
extraction, passive sampling, NER fractionation and biological tests) and
mechanistic studies that consider the different processes that are involved
(contaminant soil/sediment interactions, transport and passage across cell
membrane, and biological processing towards toxic effects or biodegradation).

3.01.2

Bioavailability as A Determinant in Assessing Need for Remediation

A.R. Taylor, University of California, Riverside / Environmental Sciences; J.
Wang, D. Schlenk, J. Gan, University of California, Riverside / Environmental
Science

Numerous soil and sediment sites in the world are contaminated with metals and
hydrophobic organic contaminants (HOCs). At most of such sites, contamination
usually occurred years or decades ago. Due to aging and other biogeochemical
processes, the bioavailability of such contaminants has likely diminished
substantially over time, as compared to a fresh contamination scenario. It is
crucial to consider bioavailability when assessing the need for and predicting the
effectiveness of remediation treatments. Here we used a historically contaminated
sediment as an example to illustrate the importance of incorporating
bioavailability in black carbon-based remediation. Black carbon, such as activated
carbon and biochars are known for their strong sorption capacities for HOCs such
as PCBs and DDTs. A marine sediment collected from a Superfund site off the
coast of Los Angeles contained high levels of DDT and metabolites. The sediment
was amended with two forms of activated carbon (powdered and granular) and a
biochar. The amended sediments were incubated for up to one year in seawater,
and both the freely dissolved concentration Ciee, and the biota-sediment
accumulation factors (BSAFs) were followed to assess the influence of black
carbon amendment on sequestration of the DDTs at different time points. Ciree
decreased with time in all treatments compared to controls, and was closely
correlated with body residue (Cs) in a marine benthic invertebrate (R* = 0.66, p <
0.0001). BSAFs also decreased over time compared to controls. However, both
Ctee and BSAFs were very small, even in the unamended control sediments,
ranging from nd to 1.34 ng/L and from nd to 0.024, respectively. Surprisingly,
addition of black carbon materials, at even 2% (w/w), did not lead to significantly
enhanced sequestration of these HOCs, as compared to the unamended sediment
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control. The limited effectiveness of black carbon amendment was attributed to
the very low HOC bioavailability in the sediment. The findings suggest that at
historically contaminated soil or sediment sites, the bioavailability of the target
contaminants are likely already low due to aging. Remediation inventions, such as
amendment of a strong sorbent, may have limited effectiveness for such sites.
Therefore, bioavailability of a given site should be quantitatively determined
through chemically and biologically based assays when assessing the need for or
benefits of remediation.

3.01.3

Improving modelling of chemical bioavailability in terrestrial and aquatic
ecosystems: Novel approaches estimating association of neutral and ionizable
organic chemicals to dissolved organic carbon

C. Vitale, Masaryk University; A. Di Guardo, University of Insubria / Department
of Science and High Technology

Dissolved organic carbon (DOC) plays a fundamental role in influencing
bioavailability of organic chemicals in terrestrial and aquatic ecosystems. DOC
fluxes can enhance chemical mobility, determining chemical loadings toward
surface waters and groundwaters and reduce bioavailable concentrations in aquatic
phases. The correct prediction of the partition (Kpoc) and distribution (Dpoc)
coefficients between chemicals and DOC is therefore crucial in estimating freely
dissolved bioavailable concentrations in soils, sediments and aquatic ecosystems
and therefore in assessing actual chemical exposure and potential risks for
organisms. In the present study, quality criteria for reliable Kpoc and Dpoc
measurements were established to assemble a robust dataset of Kpoc and Dpoc
values and novel predictive regressions for Kpoc and Dpoc estimation of neutral
and ionizable chemicals were proposed. The different DOC origin (soil, surface
water, wastewater and Aldrich humic acid (HA)) was accounted for. Data suggest
that proposed regressions have a good predictive capability with RMSD (root
mean square deviation) generally smaller than 0.3 log units and could be a useful
tool to be implemented in research and regulatory models to better account for the
role of DOC in affecting chemical bioavailability in various environmental media.

3.01.4

Regulation of pollutants bioavailability in soil with the help of natural
adsorbents

G.K. Vasilyeva, V.S. Kondrashina, E.R. Strijakova, Institute of physicochemical
and biological problems in soil science RAS; S.N. Sushkova, South Federal
University

Currently, there is an increasing tendency in process of soil pollution with various
pollutants. Their bioavailability is one of the most important factors that regulate
the pollutants behavior in the environment. The use of natural adsorbents can
significantly reduce the contamination of soil and adjacent. We demonstrate in
this presentation that application of natural adsorbents (mineral, organic and
carbonic) may accelerate biodegradation of "degradable" pollutants and/or reduce
bioavailability of highly persistent (slightly degradable) and nondegradable
pollutants. Introduction of granular activated carbon (GAC) could significantly
accelerate the bioremediation of various soils highly contaminated with crude oil
and products (5-15% w/w) by reducing the toxicity of contaminated soils due to
mostly reversible adsorption of petroleum hydrocarbons. In addition, the GAC
amendment sharply reduced migration of highly toxic intermediate oxidized
petroleum products to groundwater. At the same time, only insignificant amounts
of 5-nuclear PAHs (including benz(a)pyrene) were accumulated in the soil: no
more than 20% compared to the unamended control, but those remained
practically unavailable to plants and soil biota. In the other experiments, it was
proved that the introduction of GAC into the soil historically contaminated with
PCBs (near Capacitor plant, Serpukhov) accelerated the biodegradation of low
chlorinated (3-4 Cl) congeners and simultaneously reduced the availability of
highly chlorinated (5-8 Cl) congeners of PCBs to plants and biota. Similar results
were observed in soils sampled near the burial site of prohibited pesticides (DDT
and HCCH) in the Rostov Region. In the GAC or biochar amended soils,
degradation of some DDT metabolites were accelerated, while the accumulation
of those pesticides in plants were sharply reduced. It was also shown that the use
of a relatively expensive GAC can be replaced by a cheap adsorbent “biocoke” - a
pyrolyzed sewage sludge. Our experiments showed that heavy metals presented in
the biocoke remained inaccessible to biota due to some increase in soil pH
because of presence of alkaline-earth metals. This gives the possibility to use the
biocoke as a soil ameliorant and a source of biogenic elements (mainly
phosphorus and potassium) to increase soil fertility, as well as to use this very
chip adsorbent for the restoration of technogenic contaminated soils. This was
supported with RFBRmk 19-29-05265

Advances in Exposure Modelling: Bridging the Gap Between
Research and Application

3.02.1

Bridging the Gap between Research and Application with EASE Suite

J.A. Amot, ARC Arnot Research & Consulting / Adjunct Professor, Department
of Physical & Environmental Science/Department of Pharmacology and
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Toxicology; A. Sangion, University of Toronto Scarborough and ARC Arnot
Research and Consulting Inc. / Department of Physical and Environmental
Sciences; L. Li, University of Nevada, Reno / Community Health Sciences; J.M.
Armitage, AES Armitage Environmental Sciences, Inc / Physical and
Environmental Sciences; L. Toose, ARC Arnot Research and Consulting. Inc;
T.N. Brown, TNB Research /.

Thousands of chemicals require chemical assessment. For most of these chemicals
the required assessment information is quite limited. In some cases, there is
limited time to make decisions and the pace of scientific advancements outpaces
knowledge transfer to industry and regulatory scientists. These issues pose
scientific and regulatory challenges towards the implementation of “state of the
science” techniques for practical applications in chemical assessment and
management. Here we introduce the Exposure And Safety Estimation (EASE)
Suite platform to bridge the gap between evolving scientific research and
regulatory assessment challenges. EASE Suite is comprised of curated empirical
databases, quantitative structure activity relationships (QSARs), and tools to aid
chemical assessment decision-making. EASE Suite includes multi-media mass-
balance environmental fate, bioaccumulation and exposure models such as
RAIDAR and RAIDAR-ICE as well as the CiP-CAFE tool for estimating life
cycle chemical mode-of-entry and emission rates. Using only chemical structure
as an input parameter EASE Suite provides overall persistence (POV) and
bioaccumulation metrics, such as the biomagnification factor (BMF) in a range of
aquatic and air-breathing organisms. Large numbers of chemicals can be screened
and evaluated for Persistence and Bioaccumulation as well as exposure potential
based on chemical structure alone. Including a chemical production volume
estimate provides exposure estimates in a range of ecological receptors and
humans. Effect thresholds can estimate margin of safety and potential risk of
adverse effects. Here we apply EASE Suite as a case study for screening-level
ecological assessment of 144 organic chemicals, comprising a range of
chemistries and use scenarios, using only chemical structure and production
volume estimates as system input parameters. The POV for these chemicals in the
RAIDAR environment ranges from about 10 to 1,000,000 h. The maximum BMFs
in representative RAIDAR vertebrates range from about 0.002 to 100. The
maximum exposures span 12 orders of magnitude demonstrating the capacity to
quickly screen and differentiate chemicals for exposures to ecological receptors.
EASE Suite provides opportunities to address regulatory challenges for new and
existing chemical assessments for ecological and human health objectives. Further
expansion of the databases and tools in the EASE Suite platform are briefly
outlined.

3.02.2

The new EUSES for REACH and Biocides environmental exposure
assessment: implementation plan and challenges

S. Frattini, C. Hoekzema, European Chemical Agency (ECHA); R. Cesnaitis,
European Chemicals Agency; H. Schimmelpfennig, ECHA-European Chemicals
Agency / D1 - Biocides

Both the REACH Regulation (EC) No 1907/2006 and Biocidal Products
Regulation ((EU) 528/2012) require that the chemicals addressed by the respective
legislations are used safely. EUSES (the European Union System for the
Evaluation of Substances) is a the tool enabling the environmental exposure
assessments. The tool was last updated in 2004 and therefore ECHA decided to
develop the it to improve its usability and to include the most relevant scientific
updates emerged over last 20 years. Possible updates were identified, discussed
and prioritised in a dedicated workshop with stakeholders (2018) and a pre-study
performed to better analyse the IT development, define a plan and get an overview
of the associated costs for developing the “new” EUSES tool (2019). The outcome
of process was a decision to develop, over a period of 2 years (2020-2021), a new
tool, containing a guided workflow to perform both Biocides and REACH
relevant assessments, while maintaining the full flexibility of the current EUSES
tool. The release scenarios and the fate and distribution modules (including their
connection) are in the focus of the update process. Following topics are included:
a) harmonisation (where possible) of release scenarios between REACH and
Biocides; b) complementing the release scenarios covered by EUSES, for example
including the direct release to agricultural soil at the local scale; ¢) implementation
of SimpleTreat (4.0); d) updating man via environment to better estimate transfer
from environmental compartments to crops for organic substances and to support
the assessment of metals in the food chain by means of (measured) transfer factors
(e.g. soil to crops); e) improvement of regional contribution, e.g. by introducing
the non-stationary version of SimpleBox in the tool; f) introduction of the
possibility to perform more site specific assessment, e.g. by specifying
characteristics of the source of air emission. In this presentation, we discuss in
more detail: a) general description of the new tool; b) actual plan for EUSES
update; c¢) description of the main topics that will be implemented (update of
existing modules and introduction of new modules); d) outlook for the future.

3.02.3

Advances in Exposure Modelling - Spatial and Temporal Refinements in
Receiving Water Modelling in Australia

C.I. Lee-Steere, Australian Environment Agency Pty Ltd

Screening level methodology for estimating environmental concentrations of
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pesticides arising from runoff involves a “one size fits all” approach that applies
conservative default values. A risk deemed to be acceptable at this level does not
require further assessment. Unfortunately, where the ability to refine modelling of
exposure estimates does not exist, the screening assessment results in large
numbers of substances being identified as “risky” with either rejection of
registration, or imposition of risk mitigation measures that do not reflect reality.
This essentially reflects a lack of context in terms of geographic location or time,
and runoff risk is therefore assumed to be equal regardless of where in the country
application occurs, or at what time of the year. A large body of real world data
exist that enable such refinements to be undertaken in exposure modelling. These
include use of GIS based systems to obtain knowledge of soil types and slopes
within growing regions and such data allow spatial considerations to be included
in the exposure modelling. Additional use of available data such as rainfall and
stream flow rates further refine the spatial scale of assessments and allow
assessment on a temporal scale. Such a method has been developed in Australia
and at the highest tier of assessment, distributions of theoretical receiving water
concentrations in given regions are developed allowing risk to be described in
terms of probability of exceeding allowable concentrations. The problem facing
regulators with the use of such data is the size of data sets and the complex
relationships that require development. In Australia, high tier runoff assessments
are undertaken based on developed relationships underpinned by millions of data
points. These assessments can only be performed in a practical manner through
the development of bespoke software due to the complexity of modelling exposure
in different regions and time periods, and the high propensity for human error. A
software tool has been developed to address the need for rapid, robust and
contextual environmental risk assessments in Australia. The software and its
output have been relied on in Australia for regulatory decisions and applied by
industry in preparing their submissions. The process is adaptable to other
countries and regions.

3.02.4

Multimedia modelling of nano- and microplastics in the environment

J.T. Quik, RIVM / DMG; J.A. Meesters, National Institute for Public Health and
the Environment (RIVM) / VSP; A.A. Koelmans, Wageningen University /
Aquatic Ecology and Water Quality Management Group

Persistence of nano- and microplastics in the environment is a concern. Recently
several field studies have detected the presence of microplastics in remote areas,
indicating their high transport potential. However, quantitative estimates of
exposure concentrations to nano- and microplastics is lacking, due to fragmented
field campaign’s, focussing on a single compartment, e.g. soil or water and
specific locations. Furthermore, the detection methods applied are generally not
applicable to nanoplastics, making it a big data gap in knowledge on fate and
occurrence in the environment. A commonly applied tool in assessing fate and
exposure to chemicals and particles is the use of multimedia fate models. Here, we
present the first such model at the screening level for nano- and microplastics
(NMPs) based on SimpleBox4nano [1]. SimpleBox solves simultaneous mass
balance equations using simple matrix algebra. These link all concentrations and
transfer processes using first-order rate constants for all processes known to be
relevant for NMPs. The first-order rate constants are obtained from the literature.
The model accounts for emissions to air, soil, water and atmosphere. To illustrate
the applicability of the model and the need for a fate model specific for nano and
microplastics it is applied to microbeads based on available emissions data. So
called Predicted Exposure Concentrations (PECs) are presented for air, soil, water
and sediment compartments at the regional, continental and global scales.
Uncertainty in the PECs is due to the emission estimates and input parameters
describing fate of the NMPs. Particle size, density and the fragmentation or
degradatation rate constant explain most of the variation in PECs. As expected a
large effect is found based on density, with low density NMPs largely remaining
in the water fase in the fresh water compartment and transported to sea. PECs for
sea water show a great sensitivity to the fragmentation or degradation rate, where
unrealisticly high PECs are calculated when underestimating this process. This
multimedia fate model for nano and microplastics provides a convenient tool for
assessing exposure to different types of nano and microplastics at a screening
level. Specifically, for nanoplastics this model provides an invaluable asset in
future risk assessment studies as there is currently no adequate detection method.
[1] www.rivm.nl/simplebox4nano

3.02.5

Poster spotlight: Bottom up exposure modelling of engineered nanoparticles
in urban environments: tools for deciphering spatial and temporal trends
M. Domercq, Stockholm University, ACES

3.02.6

Poster spotlight: How to make one's (spatiotemporal multimedia
nanomaterial) exposure model as extensible, usable and useful as possible

S. Harrison, UK Centre for Ecology & Hydrology / Environmental Contaminants

3.02.7
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Poster spotlight: Fate and transport models for nano- and microplastics
A. Praetorius, University of Amsterdam/IBED Institute / Department of
Environmental Science and Analytical Chemistry ACES

Advancing our Understanding of Contaminants of Emerging
Concerns Associated with Plastic and Microplastics:
Identification, Analysis, Occurrence and Effects

3.03.1

A Multihyphenated TGA-FTIR-GC-MS Approach For Characterisation Of
Polymer Type In Microplastic Research

A. Chetwynd, The University of Birmingham; H.A. Nel, University of
Birmingham / School of Geography Earth Environmental Sciences; S. Krause,
The University of Birmingham / The School of Geography Earth and
Environmental Sciences; I. Lynch, University of Birmingham / School of
Geography Earth Environmental Sciences

A major hurdle in microplastic research is the reliable identification of specific
polymers found in the environment. To date, many studies rely on visual
identification with little or no polymer characterisation or identification. Methods
such as optical spectrometers (i.e. Fourier Transform InfraRed or Raman) can be
subjective or suffer from poor sensitivity. Thermogravimetric analysis Fourier
transformed Infrared - gas chromatography - mass spectrometry (TGA-FTIR-GC-
MS) offers a unique characterisation platform that provides both physical and
chemical properties of the analyte and as such generates a diverse array of data
that can be used to assign polymer identity to plastics samples collected from the
environment. In this work a library of 10 polymers was generated using virgin and
post-consumer polymers. This library comprises of the TGA inflection points and
mass of remaining residue following pyrolysis which in some cases can be
indicative of the polymer type. FTIR analysis of the pyrolate for each polymer
was able to differentiate between all but the polypropylene and polyethylene
polymers. Finally, GC-MS was able to differentiate between the unique chemical
fingerprints of the pyrolate for each polymer type in the library. This library was
then used to characterise a range of mesoplastics collected from a beach in the
U.K and microplastics from 3 beaches in South Africa. In the case of the
mesoplastics, unambiguous identifications of the polymer type was possible for all
samples with polyethylene being the most frequently identified polymer. The
microplastics from South Africa could also be identified based either upon the
TGA or the GC-MS data. This study demonstrates the suitability of TGA-FTIR-
GC-MS to identify polymers in meso and microplastics based upon their physical
and chemical properties across 3 different hyphenated platforms using a single
sample, thus greatly improving the chances of identifying synthetic polymers
present in the environment.

3.03.2

Chemical composition and ecotoxicity of plastic and car tire rubber leachates
to aquatic organisms

A. Booth, SINTEF Ocean / Environmental Technology; L. Serensen, SINTEF
Ocean / Environment and New Resources; K. Jayasena, E. Fabbri, University of
Bologna / Department of Biological Geological and Environmental Sciences; M.
Capolupo, University of Bologna / CIRSA via S Alberto Ravenna

Most thermoplastics contain a variety of additive chemicals that can represent a
high percentage of the final plastic materials (up to 50%). The current study
characterised the chemical content of freshwater and marine leachates produced
from CTR, PP, PET, PS and PVC, and assessed their adverse effects on
freshwater (Raphidocelis subcapitata) and marine (Skeletonema costatum)
microalgae. PP, PET, PS, PVC (cryomilled, 1000 um sieved fraction) and car tire
rubber (CTR)-derived granulate (1-2 mm) were subjected to a non-target
screening for organic additive chemicals by solvent extraction and analysis by
GC-MS. Leachates of material were generated in seawater, marine algae growth
media and freshwater algae growth media. Metal leachates were characterized by
ICP-MS and organic additives by solvent extraction followed by GC-MS.
Leachate toxicity towards R. subcapitata and S. costatum was determined as
inhibition of growth over 72 h. A range of organic additive chemicals were
identified in the polymer materials and used as a basis for studying the additive
compounds in the leachates. The highest number of organic compounds was found
in PP (19), followed by CTR (17), PVC (9), PS (9) and PET (1). The
concentrations of the different additives were material-specific and varied from
tens of ng to hundreds of pg/L. The trends in organic additive concentrations were
similar between freshwater and marine media for organic compounds, but more
varied for inorganics. Leachate toxicity varied between the different polymers and
there were observable differences between the two algal species for some
leachates. CTR produced the most toxic leachate, with ECso values of 0.5% and
19% of total leachate towards the freshwater and marine algae, respectively. PP
exhibited a similar toxicity towards marine algae to that observed for CRT (ECso
18%), but showed the lowest toxicity towards freshwater algae (ECso 64%). PVC
had high toxicity towards freshwater algae (ECso 1.6% of total leachate), but the
second lowest toxicity towards marine algae (ECso 35%). The higher toxicity of
CTR and PVC leachates was directly linked to the higher additive chemical
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content of these leachates. This study provides new knowledge on the chemical
characterisation and ecotoxicological effects of chemical additive leachates from
plastic and rubber materials under freshwater and marine conditions.

3.03.3

In vitro toxicity and chemical composition of plastic consumer products -
‘What is in and what is getting out?

L. Zimmermann, Goethe University Frankfurt am Main / Aquatic Ecotoxicology;
C. Volker, Institute for Social-Ecological Research; M. Wagner, Norwegian
University of Science and Technology / Bioanalytical Toxicology Group

It is well established that chemicals in plastics migrate from consumer products
during and after use and, thus, represent a source of exposure to wildlife and
humans. In our previous study, we extracted 34 everyday plastic products with
methanol and found that three-third contained chemicals inducing in vitro toxicity.
Out of the >1,000 chemicals detected with gas chromatography—mass
spectrometry, 80 % remained unknown. Because not all of these chemicals will
migrate under more realistic conditions, our current study aims at investigating the
toxicological and chemical profiles of the chemical mixture leaching from plastics
into water and comparing them with the compounds extracted with methanol.
Based on our previous work, we selected 24 products available on the German
market made of high-density polyethylene (HDPE, 1 item), low-density PE
(LDPE, 4), polystyrene (PS, 4), polypropylene (PP, 2), polyethylene terephthalate
(PET, 1), polyvinyl chloride (PVC, 4), polyurethane (PUR, 4) and polylactic acid
(PLA, 4) and performed migration experiments for 10 d at 40 °C in water. We
analysed the in vitro toxicity of the migrates regarding baseline toxicity, oxidative
stress response as well as estrogenicitiy and antiandrogenicity and characterised
the chemical composition by non-target high resolution mass spectrometry (LC-
QTOF-MS/MS). We compared the chemical and toxicological profiles of the
migrates and the extracts. All products released chemicals into water that
triggering baseline toxicity and 22 samples also activated an oxidative stress
response. While 13 samples inhibited the human androgen receptor, only one PVC
sample released chemicals activating the human estrogen receptor alpha. Overall,
the in vitro toxicity of these migrates (chemicals released in water) was less
pronounced than of extracts (chemicals released in methanol) but was also
dependent on the endpoint and product analysed. We detected over 22,000
chemical features (peaks) in the 24 migrates, with 18 common features in >9
samples. Our findings indicate that plastic products not only contain but also
release a wide variety of chemicals which trigger toxicity, including unspecific
toxicity, oxidative stress and endocrine activity.The on-going chemical analysis
will reveal which of the chemicals in plastics will leach in water and which in
methanol.

3.03.4

Bioconcentration of organic contaminants in fish in the presence of
microplastics: Is the "Trojan horse" effect a matter of concern?

T.C. Schell, IMDEA Water Institute / Ecotoxicology; L. Cherta, IMDEA Water
Institute; R. Dafouz, IMDEA Water Institute / Ecotoxicology; A. Rico, IMDEA
Water Institute; M. Vighi, IMDEA Water Institute / Earth and Environmental
Sciences

The role of microplastics (MPs) as vectors for the uptake of hydrophobic organic
chemicals in aquatic organisms, a phenomenon commonly termed as “Trojan
Horse” effect, is still under discussion. Therefore, this study aimed to compare the
bioconcentration of two hydrophobic organic chemicals (i.e. chlorpyrifos and
hexachlorobenzene) in freshwater fish exposed to the chemicals in absence and
presence of contaminated MPs. Two 14-days semi-static experiments were carried
out with adult Danio rerio, each consisting of (1) a control treatment, (2) a
chemical treatment (water spiked with 15.5 pg/L chlorpyrifos or 4.2 pg/L
hexachlorobenzene) and (3) a treatment in which fish were exposed to a mixture
of contaminated water (15.5 pg/L chlorpyrifos or 0.6 pg/L hexachlorobenzene)
and contaminated MPs. For this, 100 mg polyethylene MPs/L (mean particles size
150 pm, Sigma-Aldrich) with a concentration of 45 pg/g chlorpyrifos or 16 pg/g
hexachlorobenzene, were added. Each test unit consisted of a 3 L beaker with
dechlorinated tap water containing six adult Danio rerio (n=6). The test medium
was renewed at days 4, 8 and 11 and fish, water and MP samples were taken on
these days as well as after 14 days. The concentration of chlorpyrifos and
hexachlorobenzene in the samples was determined using gas chromatography
(Agilent 7890A) coupled with mass spectrometry (Agilent 7000 GC/MS Triple
Quad). The results show, that the chlorpyrifos bioconcentration factor (BCF) was
higher in the absence of MPs compared to their presence. This difference was
significant after 14 days with a log BCF of 4.62+0.09 L/kg for chlorpyrifos in the
absence of MPs compared to a log BCF of 4.15+0.13 L/kg in the presence of MPs.
The hexachlorobenzene BCF was significantly higher without MPs (log BCF
between 4.19+0.24 and 4.86+0.46) as compared to their presence (log BCF
between 3.08+0.2 and 3.64+0.27) after all exposure periods (i.e. 4, 7, 10 and 14
days). The study shows that polyethylene MPs are not enhancing the
bioconcentration of the tested hydrophobic organic chemicals in freshwater fish.
This is in agreement with the findings of recent modelling studies and suggests
that MP pollution is not likely to increase the aquatic risks of contaminants that
sorb to plastic.
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3.03.5

Desorption of organic pollutant from microplastics under simulated
physiological conditions

G. Olivatto, University of Sdo Paulo USP / Center of Nuclear Energy and
Agriculture; N.G. Moraes, A.A. Lourengo, University of Sdo Paulo; C.C.
Montagner, UNICAMP / Institute of Chemistry; v. tornisielo, CENA Center for
Nuclear Energy in Agriculture

Many studies have shown the presence of microplastics (MP) in different
compartment of the enviroment and ingested by biota. In addition to the
deleterious physical risks of such exposure, high concentrations of hydrophobic
organic pollutants have also been reported to be associated with these particles
and the possibility of transferring these pollutants from MP to organisms by
ingesting them has been the subject of studies, as they are still scarce conclusive
works on this subjected. In this aspect, the goals of this study were to evaluate the
adsorption potential of high density polyethylene (HDPE) MP by the pesticide
contaminant 14C-chlorpyrifos in freshwater condition and the desorption in
simulated physiological condition of the gastric fluid. MP samples were prepared
from pellets HDPE were crushed on knife mills and sifted by size from 100-700
pm and this samples were analyzed by elemental carbon analysis and scanning
electron microscopyy. The adsorption and desorption process was performed in
equilibrium batch and the adsorbed amount of chlorpyrifos was quantified in the
adsorbent phase (MP) and by the mass balance in the aqueous phase by liquid
scintillation couting. The results indicated that the adsorption equilibrium was
achieved between 96 and 168 h and at that moment, the total of 44.77 &= 1.72% of
the applied product was adsorbed to the MP particles, presenting coefficient of
adsorption linear to Kd=4,451.99 +397.82 L Kg-1. The desorption result in
simulated physiological system, considering three different digestion times, 4, 8
and 12 h, indicated that, respectively, 16.93 +4.44, 17.55 £ 0.58 and 22.45 +
1.73% of the product contaminated the gastric fluid solution, presenting linear
desorption coefficient (Kd), respectively, 13,476.35 £4,593.53, 11,786.54
481.36 and 8,707.21 + 802,11 L.Kg-1. However, when comparing this
concentration of desorbed contaminant in gastric fluid by the concentration of
contaminant present in river water (36.09%) after sorption equilibrium, these
results indicate that the transfer of chlorpyrifos is low. Nevertheless, bearing in
mind the growing environmental contamination by MP and pesticides on
freshwater, as well as reports of ingestion of this particles by innumerous species,
the dynamic of adsorption and desorption of these emerging contaminants from
MP to the aquatic biota still deserves to be investigated with more details,
considering exposing trials on organisms and also simulated intestinal fluids. The
authors thank the National Council for Scientific and Technological Development
(CNPq) (process number 141021/ 2019-5) and Foundation for Research Support
of the State of Sdo Paulo (FAPESP) (process number 2018 / 21733-0) for the
financial support

3.03.6
From Beakers to Basins: How experimental data help to assess the
contaminant transfer potential of microplastics in the field

S. Seidensticker, Eberhard Karls University of Tiibingen / Hydrogeochemistry; C._

Zarfl, University of Tuebingen / Center for Applied Geoscience; P. Grathwohl,
Uni Tiibingen / Center for Applied Geoscience

Microplastic particles are ubiquitously detected in all environmental
compartments. Despite intensive public and scientific discussions, their potential
to transport contaminants in rivers and oceans is still under assessment. To
consider such particle facilitated transport, this project aims to quantify the
underlying sorption mechanisms and to develop a comprehensive mechanistic
model with parameter values derived from experimental data. The developed
models consider material characteristics, substance properties and different types
of sorption isotherms. The sorption kinetics was modeled as a combination of
external mass transfer governed by diffusion through an aqueous boundary layer
and intraparticle diffusion within the plastic particles. Which of these processes
controls the kinetics depends on the sorption strength, particle size, diffusion
coefficients, and time. To model coupled mass transfer, a semi-analytical model
was developed in case a linear sorption isotherm was determined and a numerical
approach was applied for the case of non-linear sorption. Both model types were
successfully validated for several plastic types, allowing to accurately describe the
measured kinetics. To broaden the scope and environmental relevance of the
work, further experiments were performed. It was revealed that the presence of
additional natural sorbents significantly influenced both equilibrium partitioning
and desorption kinetics. Due to the combination of experimental and mechanistic
modelling tools, it was possible to elucidate coupled mass transfer processes for
different experimental and field settings. Eventually, it was ascertained that time
scales observed under experimental conditions may not be transferred to field
conditions without an appropriate mechanistic model accounting for coupled mass
transfer and the specific boundary conditions. Appropriate hydrodynamic
relationships coupled to a thorough mass transfer analysis can serve to assess the
vector function of pollutant-loaded particles and to evaluate whether microplastics
rather act as a passive sampler or show potential to facilitate long-range
contaminant transport. Moreover, as the theoretical mass transfer considerations
also apply to other suspended particles, well-defined microplastic particles are
ideally suited to perform in-depth mass transfer studies and to act as surrogates for
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particles occurring in the environment, including microplastics in urban runoff and
contaminated sediment.

3.03.7

TRACKING OF PLASTIC EMISSIONS FROM AQUACULTURE
INDUSTRY

A. Gomiero, International Research Institute of Stavanger / Enviromnent; K.
Qysaed, M. Haave, NORCE Norwegian Research Centre / Environment; T. Kogel,
Havforskningsinstituttet/Institute of Marine Research / Contaminants and
biohazards; M. Gjessing, Norwegian Veterinary Institute; T. Berg Lea, Skretting
Norway inc; C. Martens, MOWI ASA; T. Olafsen, AkvaGroup ASA

Demands to further intensify aquaculture production is increasing to meet the
growing needs of the market. In Norway, farmed salmon has become a significant
source of national income with an excess of 1 million tons produced every year
[1]. The expansion of the industry and the diversity of materials used to build and
maintain the aquaculture systems have paralleled the development of synthetic
polymers over the last decades. Synthetic fibre ropes offer greater strength,
durability and easier handling at a cheaper price than those using natural fibres.
Plastic materials within aquaculture sites are typically maintained and controlled
for chemical degradation, biofouling and corrosion, and are regularly inspected to
ensure strength and stability. Sources of plastic emission from aquaculture include
lost gear, broken and fragmented equipment and fine fragment loss through
abrasion from within feed and fish transporting equipment [2, 3]. However, the
extent of these plastic losses has yet to be estimated and this knowledge gap needs
to be filled to fully address the potential impact such losses may have on the
environment [4, 5]. It is therefore crucial to look at the challenges and solutions
related to the release of microplastics from the aquaculture industry. The aims of
the present project are : a) to identify the sources of emissions of plastic and
micro-plastic in the sea from aquaculture facilities; b) to identify and quantify the
contribution of aquaculture operations to plastic found in the immediate vicinity of
sea farms; c) identify processes within the seafood production largely responsible
for plastic discharge and suggest measures to reduce eventual emissions; d)
encourage active exchange of information and discussion between academia,
industry and stakeholders for a joint solution towards marine plastic pollution.

3.03.8

Neat or on the rocks? Comparing the effects of virgin and contaminated
polystyrene nanobeads on zebrafish larvae

C. Parenti, University of Milan / Biosciences; A. Ghilardi, University of Milan /
Department of Biosciences; C. Della Torre, University of Milan / Biosciences; G.
Caorsi, S. Magni, L. Del Giacco, University of Milan; A. Binelli, University of
Milan / Department of Biosciences

The physicochemical properties of nanoplastics (NPs) make them very suitable for
the transfer of chemical contaminants, potentially enhancing their risk for the
aquatic organisms. Nevertheless, few controversial evidences exist on the toxic
effects caused by NP adsorption of pollutants.Triclosan (TCS) is an antimicrobial
agent included in several personal care products (PCPs) and is considered as a
contaminant of emerging concern for aquatic ecosystem. The adsorption capacity
of TCS on the most used plastics polymers, including polystyrene (PS), was
previously demonstrated. Therefore, we contaminated a commercial PS powder
with TCS and we performed a 7-days exposure to TCS, virgin and treated NPs on
larvae of Danio rerio. Ingestion of NPs was assessed with advanced microscopy,
and sub-individual and individual effects were investigated. Moreover, to
investigate if TCS, virgin and contaminated NP play a different role in the
modulation of protein expression in D. rerio, we applied a functional proteomics
analysis. Imaging observations showed that NPs can be ingested and that they
mainly accumulate inside the gastrointestinal tract. The accurate analysis of
microscopy section revealed also the translocation of NPs to other body tissues
and organs, such as gills, neuromasts and eyes. Anyway, NPs seem to not
substantially affect fish defence system, since we did not find any significant
variation in analysed biomarkers. The most significant effects were related to the
TCS exposure. Behaviour test underlined an opposite effect of TCS alone and
combined with NPs on fish locomotor activity, since the distance moved was
significantly decreased by the TCS exposure, but significantly increased after the
exposure to contaminated particles. Moreover, we found a considerable quantity
of modulated proteins in the treated groups, respect to control. The purpose of this
study was to open a new perspective on investigating the risk associated to the
presence of NPs as carrier of environmental pollutants. The overall results showed
that virgin NPs do not have significant effects on fish and that chemicals alone
remain the most hazardous pollutants. Test on locomotor behaviour showed a
change of TCS toxicity target when adsorbed on NPs, which needs further
investigations. Finally, proteomics provided the identification of potential novel
biomarkers to clarify the toxicity targets of NPs.

3.03.9

Poster spotlight: The global environmental footprint of indigo denim fibers
S. Athey, University of Toronto / Earth Sciences

3.03.10
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Poster spotlight: Biofouling on solid litter: what do they prefer?
L. Pinheiro, FURG- Universidade Federal do Rio Grande / Instituto de
Oceanografia

Analysis of Microplastics and Nanoplastics - From
Harmonisable Protocols and Data Treatment to the
Peculiarities of the Environmental Nanofraction

3.04.1

Detection of microplastics in the water treatment process: Considerations for
sampling, processing, analytical methods and reporting microplastic
occurrence in increasingly complex media

R. Cross, Centre for Ecology and Hydrology; A.A. Horton, National
Oceanography Centre / pollution; A.C. Johnson, UKCEH / Wallingford; M.
Jurgens, Centre of Ecology and Hydrology; D.S. Read, Centre for Ecology and
Hydrology / Maclean Building, Benson Lane, Crowmarsh Gifford, Wallingford,;
H. Ball, Lancaster University; C. Svendsen, CEH, Wallingford / Pollution and
Ecotoxicology

Microplastics may be considered as plastic anywhere between 1 nm and 5 mm,
presenting an analytical challenge for the detection and quantification of
microplastics in complex environmental samples. No single method can
enumerate all polymers, across the full size range under consideration, particularly
if the size distribution or a number based concentration is desired. Reporting on
microplastic quantification in environmental samples must be clear about the
operational limits that define “microplastics” in any given sample so that results
may be compared between studies. At each stage of the workflow from sampling
through to analysis, consideration should be made as to how this influences
quantification of microplastics in the sample. Sampling strategies often require
filtration of liquids, introducing a minimum size for microplastics that must be
recognised when reporting. Similarly, imaging approaches such as Raman or
infra-red techniques can resolve microplastics to different sizes. The choice of
analytical method (and increased size resolution that follows) must be balanced by
the requirements of the study. Practical considerations of cost and time balanced
against gains in precision are not trivial when large numbers of samples are
required. We present our experiences in sampling, method development, and
analysis as part of a campaign monitoring 8 water treatment works and 8 waste
water treatment works over a 7 month period. This campaign (UK Water Industry
Research Ltd, “Sink to River- River to Tap”) surveyed the occurrence and
enumerated the number and polymer identity of microplastics in raw water,
potable water, influent, effluent and treatment residues. This presentation will
focus on the practical recommendations, with particular reference to the use of
blanks, spike recoveries and replication, in the context of controlling sources of
contamination throughout the sampling and extraction processes and the
"patchiness" inherent in inhomogeneous samples. Efforts are underway to
harmonise the methods and analytical approaches to quantifying microplastics in
the environment. However, there is much value in the meantime in increasing the
longevity of the data currently generated in this highly productive field of
research. By necessity data in the field arise from a plethora of different sampling,
processing and analytical strategies. Sharing experiences from the lab and
improving the transparency in reporting can go some way to allowing the data
generated today to retain its value as the field develops.

3.04.2

Tackling the Challenge of Extracting Microplastics from Soils: A Protocol to
Purify Soil Samples before pn-FTIR Analysis

J. Moeller, University of Bayreuth / Department for Animal Ecology I; C.
Laforsch, University of Bayreuth; M. Loeder, University of Bayreuth / Animal
Ecology I and BayCEER; A. Satzger, I. Heisel, University of Bayreuth / Animal
Ecology I

In recent years, research on microplastic has expanded from exclusively the
marine environment to nearly all environmental compartments, including the
terrestrial environment. Soils are expected to be significant long-term sinks for
microplastic particles and have been shown to have the potential for changing
certain soil characteristics 1. However, little is known about the extent of
microplastic pollution in soils and the influence of microplastic sizes and shapes
on the soil ecosystem. Furthermore, analytical tools for the extraction and
identification of small microplastic particles are lacking. To date the only
analytical methods to characterise microplastic particles in terms of particle
numbers, plastic type, size and shape are u-FTIR spectroscopy and p-Raman
spectroscopy, both requiring a high measure of sample purification prior to the
measurements. As soils are composed of a highly complex matrix containing
varying proportions of soil organic matter and mineral components that can form
stable aggregates, sample purification to an adequate degree without destroying
the microplastic particles in the process poses a significant challenge. In our
current research we have derived a method to isolate the smaller microplastic
particles from the soil matrix in order to analyse them via a u-FTIR spectroscopy.
In a first step aggregate dispersion and wet sieving serve to obtain the < 500 pm
fraction. Larger particles can, usually be picked out manually and measured with
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ATR-FTIR spectroscopy. For the purification of the smaller fraction, we
combined a density separation step using a highly dense zinc chloride solution
with a sequential enzymatic digestion. Here the enzymatic sequence mimics that
of plant degrading fungi to break down the stable structures of soil organic matter.
The protocol results in sample mass reduction rates of over 99 % and high
microplastic recovery rates for the most common polymer types (preliminary
results). The recovery rates of the biodegradable microplastic types tested
(polylactide and polylactide-polybutylene adipate terephthalate blend) were below
average (preliminary results). The reason for the lower recovery rates is still to be
determined and may be remediated by May 2020. The method will allow more in-
depth understanding of the extent and characteristics of microplastic pollution in
soils and may allow conclusions on how the accumulation of introduced
microplastic species may affect the soil environment and plant growth.

3.04.3

Automated Analysis of Microplastics in Environmental Samples with a
Combination of Optical Microscopy with FTIR and Raman Spectroscopy

D. Fischer, Leibniz-Institut f. Polymerforschung Dresden / Analytics; F. Fischer,
J. Brandt, Leibniz-Institut f. Polymerforschung Dresden / Analytics Deprtment; L.
Bittrich, E. Kanaki, Leibniz-Institut f. Polymerforschung Dresden; K. Eichhorn,
Leibniz Institute of Polymer Research Dresden; A. Képpler, SGS Institut
Fresenius Dresden; R. Lenz, K. Enders, Leibniz Institut for Baltic Sea Research
Warnemuende; M. Labrenz, Leibniz Institute of Baltic Sea Research
Warnemuende

Polymers as microplastics (MP) have become an environmental threat with
ubiquitous distribution. Microplastic pollutions have negative effects on the
aquatic environment and probably on human health. After being released in the
aquatic and terrestrial environment, polymers undergo biofouling and weathering
processes, e.g. by mechanical abrasion and UV-light. That leads to smaller and
smaller fragmentation into MP. Determining MP in environmental samples in the
wide range from 1 pm to 5 mm nearly quantitatively, quickly and reliably is a
challenging task. We present an analytical approach with a largely automated
combination of optical particle analysis, FTIR and Raman microscopy and
spectral database search. This approach can determine particle sizes, particle size
distributions and the type of polymer including color and shape. The presentation
describes the approach to identify and quantify MP in environmental samples in
MP-free clean rooms with the use of blank samples in all steps. First procedure
after purification of the sample is a three-step vacuum filtration to divide the
particles in four fractions, above 500 pm, from 500 to 50 pm, from 50 to 10 pm
and below 10 pm. After filtration, the particles of the different fractions are on IR
transparent silicon filters. For all following analyses, we use the in-house
developed open-source software GEPARD. GEPARD starts with an optical
particle identification, which determines all particles in shape and dimension and
stores their coordinates for the subsequent measurements with FTIR and/or
Raman microscopy. Both methods identify the MP on the filter automatically
using spectral databases. We focus in the presentation on the identification of MP
particles < 500 pm in water and sediment/soil samples. The most frequently found
MP particles are the bulk plastics PP, PE, PET, PMMA and PS. The presentation
will show further results of the investigation of MP in different environmental
compartments like wastewater, sediment, soil from agriculture, and beaches. For
samples > 2 mm it is possible to measure MP directly on a boat or a ship on the
sea with a hand-held NIR spectrometer. We will discuss the possibilities and
limits of this NIR measurement by a comparison of these NIR measurements with
laboratory FTIR measurements. A comparison between FTIR and Raman
measurements for the identification of MP will also be discussed.

3.04.4

Abundance and distribution of microplastics in the German bight - A first try
of source tracking

C. Dipke, Carl von Ossietzky University of Oldenburg / Institute for Chemistry
and Biology of the Marine Environment ICBM; M. Fischer, Carl von Ossietzky
University Oldenburg / Institute for Chemistry and Biology of the Marine
Environment ICBM; B. Scholz-Boettcher, University of Oldenburg, ICBM /
Institute for Chemistry and Biology of the Marine Environment ICBM

In the environment microplastics (MP, particles from 1 pm to 5 mm) have
become one of the most urgent topics of the recent decade. They are ubiquitous
pollutants in the marine environment. Its bioavailability increases with decreasing
particles size. Accordingly particle number and size related data are highly
relevant for ecotoxicological studies and a common measure with spectroscopic
methods. Complementary mass related data provided by via thermal methods
enable polymer specific geospatial and/or temporal studies independent of any
particle appearance or size. Data acquisition in defined regions gives insight into
general horizontal and vertical qualitative and mass quantitative MP composition
and changes. Potential sources can be tracked and located within the area of
interest. So far, MP data for the North Sea are restricted to few particle count
related studies. In this first mass related survey of MP in surface waters of the
German Bight, North Sea. The spatial MP load as well as its potential sources and
temporal variation were comprehensively examined. For this purpose the most
relevant 10 consumer plastics were analyzed using Py-GCMS/thermochemolysis
as an excellent method for qualitative and trace level polymer specific mass
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quantitative analysis [1, 2]. The overall MP concentration in surface waters of the
German Bight ranges between 2 and 1400 pg m™ (ppt to lower ppb level). Neither
MP concentration nor type distribution is homogenous. Besides meteorological
and oceanographic conditions (i.e. currents, different density related discontinuity
layers) that seem to have substantial influence on spatial and temporal mass loads,
this variability is attributed to the particulate nature of MP as well. The overall
concentration range is comparable to that of other environmental pollutants. On a
spatial scale the qualitative MP composition could be related to different sources
mainly packaging, shipping traffic and combined estuary/urban pattern. [1]
Fischer M, Scholz-Bottcher BM. 2017. Simultaneous Trace Identification and
Quantification of Common Types of Microplastics in Environmental Samples by
Pyrolysis-Gas Chromatography-Mass Spectrometry. ES&T, 51, 5052-5060.[2]
Fischer M, Scholz-Béttcher BM. 2019. Microplastics analysis in environmental
samples — recent pyrolysis-gas chromatography—mass spectrometry method
improvements to increase the reliability of mass-related data. Anal Meth, 11,
2489-2497

3.04.5

Investigation into Recovery Rates of Microfibres from Water Samples Using
a Forensic Fibre Tape Lifting System

C. Gwinnett, A. Osborne, A. Jackson, Staffordshire University / Criminal Justice
and Forensic Science

- Microplastics (MPs) (< Smm in size) are ubiquitous in aquatic environments and
are currently an emerging pollutant of interest in environmental research studies.
Attempts to fully capture the microplastic content in water samples require
standardised techniques with high recovery rates. Methods to recover
microplastics from water samples are varied with limited information about
recovery rates known. Filtration methods using Buchner and glass frit apparatus
and filter papers are widely used but their efficacy in recovering microplastics is
unknown. This paper concerns the application of specific methods and
technologies developed for use in forensic science to the recovery of MPs in
pollution monitoring. Although not a panacea, if adopted in this new setting, it is
believed that these methods and technologies could save time, decrease the
opportunity for contamination and loss, and facilitate the development of largely
automated methods of MP characterisation, classification and quantification. This
paper describes these methods and technologies and explains why we believe that
they are of value in MP pollution monitoring. The findings of a quantitative
simulation experiment in which these methods and technologies have been applied
to the isolation of MP fibres from tap water are also presented, as is a preliminary
account of their performance during field trials. This experiment reveals variables
that can be adjusted to optimise the capture of MP fibres for subsequent analysis.
This paper will discuss the link of forensic fibre analysis to MP work and explain
why the use of a tapelifting method is beneficial for the recovery of microfibres
from filter papers in water sampling studies.

3.04.6

Poster spotlight: Characterization of chemical and morphological changes in
microplastics during bacterial degradation at environmentally relevant
conditions

L. Gopfert, Institute of Hydrochemistry - Technical University of Munich /
Institute of Hydrochemistry

3.04.7

Poster spotlight: Suspected screening of nano- and microplastics composition
in the Ebro Delta area

M. Farre, IDAEA- CSIC / Department of Environmental Chemistry

3.04.8

First lab-scale feasibility study on the enrichment of nanoplastic particles
from water samples by continuous flow centrifugation using metal-doped
nanoplastics and ICP-MS/MS detection

L.M. Hildebrandt, T. Zimmermann, Helmholtz-Zentrum Geesthacht / Marine
Bioanalytical Chemistry; D.M. Mitrano, Eawag - Swiss federal Institute of
Aquatic Science and Technology / Process Engineering; D. Profrock, Helmholtz-
Zentrum Geesthacht / Marine Bioanalytical Chemistry

In the last 20 years, environmental pollution with particulate plastics has
considerably raised concern in society and science. Currently, plastic particles < 1
pm remain mainly unexplored due to the related analytical challenges. There is, in
particular, a lack of appropriate sampling and sample processing methods for such
kinds of particles. Moreover, spectroscopic methods do not provide the necessary
lateral resolution, whereas thermoanalytical approaches require immense
preconcentration of the submicro- and nanoplastic fraction in order to meet the
required detection limits. Special centrifuge systems, that can process a
continuous suspension stream, are a promising tool to achieve nanoplastic
enrichment from natural waters. A lab-scale study has recently shown that
continuous flow centrifugation is capable of retaining small microplastic particles
(MP) down to a few microns. As a proof-of-concept, the instrument has also been
tested in the field to sample MP contained in suspended particulate matter.
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Afterwards, the idea came up to test the device’s retention capacity with respect to
nanoplastic particles. Utilizing nanoplastics containing chemically entrapped
metals as a tracer enables accurate and straightforward quantification in complex
media as well as the investigation of the capabilities of the setup to recover
nanoplastics from the water phase for subsequent analysis. In this study, recently
synthesized Pd-doped nanoplastics with a diameter of approximately 160 nm
(Mitrano et al. 2019) were used as a model to evaluate the potential of continuous
flow centrifugation for nanoplastic enrichment. First experiments yielded a
retention efficiency of 60.4% = 3.0% (1 SD (n = 3)).

3.04.9

Capabilities of transmission electron microscopy to detect and identify
nanoplastic particles

R. Kaegi, Eawag - Swiss federal Institute of Aquatic Science and Technology /
Process Engineering

Microplastic particles have been detected in the most remote places all over the
globe and also have also been reported from in all kinds of water resources. This
is to a large extent owed to the recent advances in analytical developments, most
importantly u-FT-IR and p-RAMAN. Recently, it has been speculated that even a
higher number of nanoplastic particles may be present in our environment, but due
to analytical challenges, these particles may have been overlooked so far. With its
excellent spatial resolution in combination with analytical capabilities at the
nanoscale, transmission electron microscopy (TEM) is a very promising candidate
to address the challenge of detecting particulate nanoplastics. We used polystyrene
nanoparticles with sizes range from 30 — 100 nm and silica particles of
comparable sizes to evaluate the potential of TEM to detect and characterize
nanoscale plastic particles and to distinguish them from other (inorganic),
nanoscale particles. Most commonly, carbon based substrates (e.g. carbon coated
Cu or Ni grids) are used for TEM analyses. However, these substrates interfere
with the analysis analyses of the polymers. Thus, TEM grids with other coatings
were evaluated for their suitability to investigate nanoplastic particles and best
results were obtained from 20 nm thick Si3N4 membranes. Particles were
deposited on the TEM grids by either on-grid centrifugation or by drop deposition.
Although the centrifugation method yields a very even distribution of the particles
on the TEM grid, the brittle Si3N4 membranes were often damaged after the
centrifugation procedure. The use of electron energy loss spectroscopy (EELS)
provided significant advantages over the energy dispersive x-ray (EDX) analysis.
Whereas the EDX spectra contained a few tens of x-ray counts of the carbon K
edge, the respective EELS signal was orders of magnitudes more intense. On the
one hand, this related to the low x-ray yield of light elements (such as carbon and
nitrogen) and on the other hand to the higher collection efficiency of the mainly
forward scattered electrons. In addition to this, the EELS of the carbon K edge
contain characteristic features which may even allow an identification of
individual polymer types. This presentation highlights the potential of electron
microscopy analyses, which, especially in combination with recently presented
TEM automation routines, may shed more light into the field of nanoplastic
analyses in the near future.

3.04.10

Panel discussion

M. Meyns, Alfred-Wegener-Institute, Helmholtz Centre for Polar and Marine
Research / Shelf Sea System Ecology; A. Lusher, NIVA Norwegian Institute of
Water Research / Environmental Contaminants; B. Scholz-Boettcher, University
of Oldenburg, ICBM / Institute for Chemistry and Biology of the Marine
Environment ICBM; J. Gigault, CNRS UMR 6118

Assessment of the Exposure and Effects of Contaminants of
Emerging Concern in Drinking and Wastewater Systems and
Assays to Evaluate their Removal

3.05.1

Assessing the impact of water reuse strategies using an integrated modelling
approach

R. Delli Compagni, Politecnico di Milano; F. Scana, A. Turolla, Politecnico di
Milano / Department of Civil and Environmental Engineering; F. Polesel, DHI / -;
L. Vezzaro, DTU (Technical University of Denmark) / DTU Environment; M.
Antonelli, Politecnico di Milano / Department of Civil and Environmental
Engineering

The so-called “smart cities” aim at implementing innovative resource management
strategies to efficiently (re)use their available resources (e.g. water, energy, etc.).
For example, treated wastewater is more and more used for agricultural purposes
to limit the freshwater demand. Also, the energy sector is moving towards more
distributed and efficient uses of heat sources across urban areas, looking at energy
recovery systems, as groundwater heat pumps. However, within this context, there
is a high potential of cross-contaminations of hazardous substances, such as
contaminants of emerging concern (CECs), which are persistent in the
environment and likely to negatively affect the metabolism of a living being.
Consequently, holistic approaches are needed to assess the impact on the

SETAC Europe 30th Annual Meeting Abstract Book



environment and human health of innovative resource management strategies
before implementation. In this work, an integrated model was developed and
adapted to a real case-study to simulate the environmental fate of a series of
recalcitrant CECs (e.g. carbamazepine) under different water reuse scenarios (i.e.
energy recovery through groundwater heat pumps, withdrawing water from the
unconfined polluted aquifer and discharging in waterways from which water is
subsequently reused for irrigation of edible plants). Results highlighted that
implementation of groundwater heat pumps does not pose an additional
environmental risk (risk quotient < 0.01), leading to predicted concentrations of
carbamazepine in waterways lower than current situation (i.e. no energy recovery)
due to a dilution effect. Also, human health risk shown a reduction of 30% with
respect to the current situation. The developed model is a useful tool for assessing
the fate of CECs and the impact of different water reuse practices in complex
urban and peri-urban areas. The model can support decision makers in evaluating
future water management strategies and the related risk on the environment and
human health.

3.05.2

Biological responses in rainbow trout to wastewater treated by catalytic
ozonation

V.V. Yargeau, McGill University / Chemical Enineering; F. Chassaing, McGill
University / Department of Chemical Engineering; C.D. Metcalfe, Trent
University / Water Quality Centre

Recently, there has been interest in applying catalytic ozonation for the treatment
of wastewater to enhance molecular ozone reactions in water. The objective of the
present study was to evaluate the residual toxicity of wastewater treated by
catalytic ozonation by measuring biological effects in rainbow trout exposed in
vivo to extracts from treated and untreated wastewater. Treatment of wastewater
was conducted using a pilot unit installed at a treatment plant serving a population
of about 95,000 inhabitants that receives 65,000 m*/day of wastewater from both
residential and industrial sources (at a 50/50 ratio). An ALO; based catalyst (AL-
1010S) was supplied by BASF through Air Liquide Canada, the industrial partner
on the project. Samples collected were extracted by solid-phase extraction using
both Oasis MAX (6 mL, 400 mg) and Oasis MCX (6 mL, 150 mg) cartridges.
Before the experiments, the extracts were pooled and evaporated just to dryness,
then reconstituted in 5 ml of corn oil containing 8% DMSO as a solvent.
Biological responses in rainbow trout were measured after intraperitoneal (i.p.)
injections of extracts prepared from wastewater. Juvenile rainbow trout (n= 6-7
per treatment) were injected i.p. with doses of 5 pl of combined extract per g body
weight. At 72 h post-injection, fish were were sacrificed and samples of blood
plasma, liver and brain tissue were placed into cryogenic vials and snap frozen in
liquid nitrogen. Tissue and plasma samples were stored at -80°C until analysis.
Biomarkers included vitellogenin (VTG) in plasma, total glutathione (tGSH) and
oxidized glutathione (GSSG) in liver, Thiobarbituric Acid Reactive Substances
(TBARS) in liver, and serotonin in brain tissue. The results of the present study
show that ozonation reduced the estrogenicity of wastewater, but catalytic
ozonation further enhanced the reduction in estrogenic effects (i.e. VIG
induction) in rainbow trout. Slightly elevated levels of tGSH in trout may indicate
mild oxidative stress in trout treated with extracts from the ozonation treatment,
but this response was not observed in the treatment with catalytic ozonation. No
alterations in lipid peroxidation (i.e. TBARS) in liver or serotonin levels in brain
relative to controls were observed in trout from any of the treatments. Overall, the
data showed that ozonation in the presence of a AOs based catalyst had a
beneficial effect by reducing the estrogenic responses (i.e. VTG induction) in
rainbow trout.

3.05.3

Novel insights into the toxicological and antibacterial perspectives of
transformation products of antibiotics formed during UV-C/H202 oxidation
in ultrapure water and wastewater effluent matrices

V. Beretsou, Nireas-International Water Research Center, University of Cyprus /
Civil and Environmental Engineering; I. Michael-Kordatou, University of Cyprus
/ Nireas-International Water Research Center; N.S. Thomaidis, National and
Kapodistrian University of Athens / Laboratory of Analytical Chemistry,
Department of Chemistry; H. Besselink, Biodetection Systems BV; E. Cytryn,
Agricultural Research Organization / Department of Soil Chemistry, Plant
Nutrition and Microbiology, Institute of Soil, Water and Environmental Sciences,
The Volcani Center; M. Naderman, Biodetection Systems BV; R.B. Marano,
Agricultural Research Organization / Department of Soil Chemistry, Plant
Nutrition and Microbiology, Institute of Soil, Water and Environmental Sciences,
The Volcani Center; D. Fatta-Kassinos, University of Cyprus / Nireas
International Water Research Center

The extent of oxidation during UV-C/H202 oxidation depends mainly on the
chemical nature of the micropollutant itself and the reaction time; rarely leading to
its mineralization, but rather to the formation of transformation products (TPs).
The concern is whether these TPs retain the biological effects of the parent
compounds or whether they develop new and undesired biological effects. This
issue cannot be addressed merely by elucidating the structures of the TPs by
chemical analysis. Instead, the assessment of treated wastewater toxicity is
necessary for the optimization of UV-C/H202 treatment processes.The aim of this
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study was to investigate the transformation of selected antibiotics (i.e.
azithromycin, ofloxacin, sulfamethoxazole and trimethoprim) during UV-C/H202
oxidation in ultrapure and secondary-treated wastewater effluents, as well as, the
identification of their TPs by applying suspect and non-target strategies based on
liquid chromatography quadrupole-time-of-flight mass spectrometry (LC-QTOEF-
MS/MS). Moreover, 4 effect-based Chemically Activated Luciferase eXpression
(CALUX®) bioassays were applied to assess multiple toxicological endpoints, i.e.
genotoxicity (+/- S9), oxidative stress and cytotoxicity of the UV-C/H202 treated
samples and of selected TPs. Finally, antibiotic susceptibility testing using the
Minimum Inhibitory Concentration (MIC) technique for selected TPs and
associated parent compounds was applied on selected strains of environmentally-
and clinically-relevant bacteria (i.e. Escherichia coli (E. coli) ATCC 8739, E. coli
ATCC 13597, E. coli DHSa, Enterococcus faecalis ATCC 51299, Staphylococcus
aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853 and Streptococcus
G ATCC 12394) using Clinical and Laboratory Standards Institute (CLSI)
guidelines.In total, 23 TPs of the target antibiotics were formed and tentatively
identified using suspect and non-target screening approaches. While the tested
CALUX® bioassays presented quantifiable responses to the UV-C/H202 treated
samples, testing of the individual TPs showed no activity indicating thus, the
potential additive/synergistic effects of TPs in combination with their parent
compounds and other mixtures of chemicals present in wastewater. The MIC of
the TPs was approximately the same as the respective parent compounds
indicating that TPs can retain their antimicrobial activity and thus, can act as an
additional selective pressure to the spread of antibiotic resistance determinants.

3.05.4

Still Haven't Found What You're Looking For? Integrated Interdisciplinary
Analyses May Be the Solution.

S.T. Glassmeyer, U.S. Environmental Protection Agency / Office of Research and
Development; E.T. Furlong, U.S. Geological Survey / Laboratory & Analytical
Services Division; D.W. Kolpin, US Geological Survey / Central Midwest Water
Science Center; M. Mills, U.S. Environmental Protection Agency / Office of
Research & Development; A. Batt, U.S. Environmental Protection Agency / HQ;
E. Medlock-Kakaley, U.S. Environmental Protection Agency / Office of Research
and Development; C. Rosal, U.S. Environmental Protection Agency / NHEERL;
Q. Teng, U.S. Environmental Protection Agency / CEMM; V.S. Wilson, U.S.
Environmental Protection Agency / Office of Research and Development; H.
Zhen, U.S. Environmental Protection Agency / School of Resources and
Environmental Engineering

Targeted chemical analyses, non-targeted chemical analyses, and bioanalytical
tools each provide a unique but incomplete understanding of the chemicals in a
sample. The U.S. Environmental Protection Agency and U.S. Geological Survey
are collaborating to examine the sources, fates, and potential effects of
contaminants of emerging concern (CECs) during de facto water reuse which
occurs when treated wastewater is discharged to a source of drinking water. The
project sampling design follows a surface-water flow path, with the collection of
grab water samples at six sampling points: upstream of a wastewater treatment
plant outfall, wastewater effluent entering the river, effluent mixing zone,
downstream sampling point, drinking water intake, and treated drinking water.
The study uses an integrated approach that includes a comprehensive analysis of
over 200 targeted chemicals (e.g. pharmaceuticals, per- and polyfluoroalkyl
substances); high resolution mass spectrometry to identify non-targeted chemicals
(suspected or unknown); in vitro bioassays to assess biological activity (e.g.
estrogenicity, androgenicity, metabolomics); rapid whole organism screens to
assess cumulative bioactivity; and in vivo tests to address specific exposure and
response endpoints. A rigorous quality assurance/quality control protocol was
consistently applied from field to laboratory to ensure comparability of results
between the various techniques. This integrated approach combines the strength of
each technique and builds upon the standard CEC research approach by including
environmental and toxicity endpoint assessments to more fully explore the
potential effects to human health and the environment from chemical exposures.

3.05.5

Occurrence of human-excreted contaminants within a decantation tank:
respective impacts of historical consumption and sediment properties

T. Thiebault, EPHE PSL University / UMR Metis; J. Jacob, LSCE; A. Simonneau,
A. Thibault, C. Le Milbeau, R. Boscardin, ISTO; P. Sabatier, EDYTEM; L.
Ardito, BRGM; L. Augustin, CNRS / C2FN; L. Fougere, E. Destandau, ICOA; C.
Hatté, LSCE; C. Morio, Agglo'Orléans

In this work, we explored the potential of sediments accumulated in sewer
systems to record the human activities through drug and illicit drug occurrences.
The selected site is a decantation tank that collects wastewater and stormwater
from the sewer network of the northern part of Orléans (France). This 20 m deep
underground building constitutes a unique opportunity to study the historical
evolution of the drugs and illicit drugs use. Six cores were acquired from 2014 to
2017. After sampling, 90 sediment samples were extracted with a mixture of
water:methanol (1:1) prior to extract analyses by HPLC-MS?. Sediments also
underwent a large range of classical sedimentological analyses (granulometry,
facies description, microscopic description, mineralogy and organic carbon
analyses). The age model is based on 47 'C dates obtained on the 6 cores and
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computed with OxCal v4.3.2 and Bomb13NHI calibration curve. Oldest
sediments are dated back to 1970. Sediments are stratigraphically organised into
organic (TOC > 2%) and mineral (TOC < 2%) layers resulting from wastewater
and stormwater inputs, respectively. Concentrations of 27 drugs and illicit drugs
were measured in 90 samples on core CSA-02/2015-A that records the 1980-2010
time period. A strong control of speciation on the presence and concentration of
drugs and illicit drugs is evidenced. Neutral and anionic compounds (e.g.
carbamazepine, salicylic acid) present higher concentrations in the lower part of
the core whereas cationic compounds (e.g. codeine, benzoylecgonine) display
higher concentrations in the upper part. For the formers, their distributions are
directly correlated with the distribution of organic carbon, whereas for the latters,
a correlation with the relative abundance of inorganic surfaces is evidenced. As a
result, the interaction mechanisms between targeted compounds and the
sedimentary composition appears to be the most important control. The analysed
sediments present important vertical variations of composition, due to distinct
origin, especially emphasized by the organic carbon variations. Hence, drugs and
illicit drugs distributions appear to be strongly controlled by their affinity with
bearing phases. As a result, the distribution of these compounds with time cannot
be directly correlated with the evolution of excretion amount in the catchment, as
expected. Nevertheless, these patterns are very informative on the affinity between
sediments and organic contaminants at a larger scale.

3.05.6

From soil to mouth: Assessment of the effect of organic fertilizers on the rate
of incorporation of Antibiotic Resistant Genes in Lactuca sativa and
Raphanus sativus. Real-scale studies.

C. Sanz, CSIC/IDAEA / Environmental Toxicology; V. Matamoros, IDAEA-
CSIC / Environmental Chemistry; J. Bayona, M. Casado, N. Corral Morillas, F.
Cerqueira, Institute of Environmental Assessment and Water Research (IDAEA),
Spanish Research Council (CSIC) / Environmental Chemistry; L. Navarro-Martin,
Institute of Environmental Assessment and Water Research / Environmental
Chemistry; B. Pifia, Institute of Environmental Assessment and Water Research
(IDAEA) Spanish Research Council (CSIC) / Environmental Chemistry

The reuse of organic amendments -organic waste- allows a better management of
the finite resources we dispose for soil fertilization and food production. While
they provide macro- and micronutrients to the soil, including carbon for the
restoration of its physicochemical properties, they may also contain components
that can be harmful for animal, plant, and human health. The presence of
pathogens represents an obvious threat, but other pollutants, like antibiotics,
pharmaceuticals and hormones may also represent a risk, as they may increase the
number of bacteria resistant to multiple antimicrobial and antibiotic drugs. In this
way, the potential transmission of antibiotic resistance (AR) from amended soils
to crops and, ultimately, to consumers is a matter of major concern. The present
study aims to assess the effect of three different organic fertilizers: sewage
biosolid (Sludge), pig slurry (Slurry), and urban solid residue (USW), on the rate
of incorporation of Antibiotic Resistant Genes (ARGs) in plants of agronomic
interest (L. sativa and R. sativus), in comparison to the use of conventional
chemical fertilizers. Thirty-two experimental plots between 3 and 10 m? were
cultivated, depending on the crop (lettuce or radish), and randomly distributed by
crop and fertilizer by blocks (n = 4). After the harvest, we extracted DNA from
plants, from their respective soils and from the amendments used in each plot. We
analyzed the levels of seven ARGs (sull, blarem, blacrx.u.32, mecA, qnrS1, tetM,
blaoxa-ss), plus the integrase gene int//, using quantitative real-time PCR methods.
Regarding the amendments, we quantified blares, intl1, sull and blaoxa.ss, in all of
them, gnrSI and tetM in Slurry and Sludge, and mecA in Slurry. Moreover, we
quantified intl1, sull and tetM in soil and su// and tetM in lettuce and soil. We
observed a significative increase of su/l and tetM in lettuce and soil, and of su// in
radish for the samples amended with Slurry. This results correlated with the higher
abundance of this two genes in the pig slurry itself in comparison with the other
amendments. This evidence shows that the reuse of Slurry in agriculture can
positively contribute to potential AR transference, and more processed organic
amendments (Sludge, USW) may represent safer alternatives, at least in regard to
ARG transmission. We also have data showing that composted pig manure is a far
less hazardous soil amendment than the raw pig slurry.

3.05.7

Contaminants of emerging concern in irrigation water and fresh produce

E. Ben Mordechay, The Hebrew University of Jerusalem / Soil and Water
Sciences; J. Tarchitzky, V. Mordehay, The Hebrew University of Jerusalem / Soil
and Water Science; B. Chefetz, The Hebrew University of Jerusalem / Soil and
Water Sciences

Treated wastewater (TWW) is frequently used in the agro-ecosystem for crop
irrigation. On a global scale, irrigation with TWW is expected to increase due to
prolonged droughts and depletion of freshwater sources. This Irrigation exposes
the agroecosystem to pollutants of emerging concern including pharmaceuticals
and personal care products (PPCPs). Once in the field, PPCPs may be taken up by
plants which in turn may introduce them into the food chain. Currently, much of
the data regarding plant uptake of PPCPs are based on studies done in controlled
environments, while only a few reports have analyzed crops grown under field
conditions. In this study, we aimed to evaluate the concentration of selected
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PPCPs in chosen soils, TWW, and fresh produce irrigated with TWW. A
composite sample of fresh produce, soils, and TWW were collected from 450
fields irrigated with TWW across Israel. Analysis of 270 TWW samples, collected
from the irrigation head at the field, showed that all TWW samples were
contaminated with PPCPs. The most common therapeutic groups detected were
antimicrobial, anticonvulsant, and antiparasitic agents: 100%, 91% and 99.6% (%
detection), respectively. Anticonvulsant agents consisted of 3 target analytes:
carbamazepine, gabapentin, and lamotrigine, and were quantified at the highest
concentration in the TWW samples: 1039 + 141, 1008 + 125 and 630 + 125 ng/L,
respectively. Crotamiton, an antiparasitic compound, was detected and quantified
(>LOQ) in 99.6% of the samples at an average concentration of 172 + 18 ng/L.
Similarly to TWW samples, PPCPs were detected in all 84 leafy green samples
analyzed. Carbamazepine was detected in 96% of the leaves samples, at an
average concentration of 322 + 61 ng/g dry weight. In addition to the parent
compound (i.e., carbamazepine), the metabolites: carbamazepine-10,11-epoxide
and 10,11-dihydro-10,11-dihydroxy carbamazepine were detected in all of the
leafy green samples at an average concentration of 189 + 36 and 9.4 + 1.6 ng/g,
respectively. this finding supports lab and field experiments indicating that plants
can metabolize carbamazepine and other PPCPs. Traces of PPCPs were detected
and quantified in all analyzed samples (i.e., TWW and leafy green samples). Our
data show that irrigation with TWW exposes the environment to PPCPs which
may be taken up by different edible crops and enter the food chain.

Chemical Exposome of Human and Wildlife - Advancements
in Non-targeted Analytical Methodology and Modelling
Approaches

3.06.1

Non-targeted screening of markers of chemical exposure in human breast
milk: development and challenges regarding sample preparation and data
processing

M. Pourchet, LABERCA-Oniris-INRA / Oniris Laboratoire dEtude des Résidus et
Contaminants dans les Aliments; E. Bichon, Oniris-LABERCA / LABERCA; R.
Cariou, Oniris-LABERCA / Oniris Laboratoire dEtude des Résidus et
Contaminants dans les Aliments; B. Le Bizec, J. Antignac, LABERCA UMR
1329 INRA / Oniris Laboratoire dEtude des Résidus et Contaminants dans les
Aliments

Our environment is vector of human exposure to hundred thousands of chemicals.
This opened view of the chemical space contaminating the environment-food-
human continuum is today supported by advanced chemical profiling
instrumentation opening the door to holistic sample characterisation. One
particular issue in this context is related to the early warning detection of
emerging chemicals. Non-targeted screening (NTS) approaches are new valuable
strategies aiming to detect unknown markers of exposure without any a priori.
These screening approaches are associated to important expectations and
promises, but also major challenges for scientists, particularly concerning sample
preparation and data processing. In the frame of the workpackage WP16
“emerging chemicals” of the Human Biomonitoring for Europe project
(HBM4EU, EU H2020), a NTS workflow was developed for human breast milk
analysis. The sample preparation protocol included a recently released cartridge,
Captiva EMR-Lipid, to remove lipids followed by a liquid-liquid partitioning.
Extracts were analysed on both LC-HESI(+/-)-Q-Orbitrap and GC-EI(+)-Q-
Orbitrap instruments in order to cover a wide range of molecules thanks to the
complementarity of these techniques. A mix of 30 different halogenated
contaminants (mainly pesticides and flame retardants) at four concentration levels
(5-100 pg/pL fresh milk) was used for method assessment and to highlight
method’s limitations. Satisfying linearity (r>< 0.975) and repeatability (RSD<
30%) were observed for 28 compounds at concentration level 10 pg/pL fresh
milk. Compounds detected at higher concentration level represent method
limitations in breast milk. The HaloSeeker [1] application was used to process
data and to highlight halogenated signals of interest. In combination with the
developed sample preparation, the hydroxy-chlorothalonil was identified in breast
milk and structure was confirmed with analytical standard by MS/MS
fragmentation. This work illustrates the real capability and complexity of NTS
approaches in support of human biomonitoring and environmental-health
researches. [1] Léon A, Cariou R, Hutinet S. 2019. HaloSeeker 1.0: A User-
Friendly Software to Highlight Halogenated Chemicals in Nontargeted High-
Resolution Mass Spectrometry Data Sets. Anal Chem 91:3500-3507.

3.06.2

Holistic approach for comprehensive xeno-metabolome coverage of Zebrafish
embryos exposed to Benzotriazoles, combining orthogonal chromatographic
modes, trapped ion mobility and HRMS

D.E. Damalas, National and Kapodistrian University of Athens / Chemistry; E.I.
Panagopoulou, National and Kapodistrian University of Athens / Department of
Chemistry; D. Beis, A. Agalou, Biomedical Research Foundation Academy of
Athens / Developmental Biology; N.S. Thomaidis, National and Kapodistrian
University of Athens / Laboratory of Analytical Chemistry, Department of
Chemistry
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There is clear evidence that benzotriazoles (BTs) persist in aquatic systems, as
they are measured in almost every surface water sample. Thus, it is urgent to
evaluate their potentially toxic effects to aquatic organisms. Zebrafish has
emerged as a powerful model organism to study various aspects of developmental
and cell biology, while it provides a promising alternative model for acute
toxicological studies. The impact of the xenobiotics in the aquatic environment is
evaluated in more depth when the whole xenometabolome of aquatic organisms is
studied. Biotransformation is known to affect the internal concentration (Cin) and
the uptake of the parent xenobiotics, while it constitutes a critical factor for toxic
response. HRMS-based workflows, appear to be a powerful tool for the
identification of bio-TPs. Despite HRMS high applicability and accuracy,
separation of isomeric bio-TPs is not always possible, as they may pose identical
chromatographic and spectral profile. Thus, additional “dimensions” of separation
are required for reliable identification of isomers. The objectives of this study,
were (1) to establish a high-end analytical platform that could combine multiple
dimensions of separation with HRMS, to provide extensive experimental evidence
for the identification of bio-TPs isomers. (2) A “biotransformation oriented” data
treatment workflow, consisted of suspect and non-target screening approaches,
was developed. Overall, the aim was to highlight a holistic approach for
comprehensive xeno-metabolome and toxicity assessment of aquatic organisms
exposed to xenobiotics. More specifically, the zebrafish embryo toxicity assay
was used to calculate the LCso of BTs, as well as for phenotypic evaluation of
their toxicity. A holistic analytical platform was developed combining orthogonal
chromatographic modes (HILIC and RPLC), trapped ion mobility and HRMS for
the analysis of parent BTs and the identification and their bio-TPs. Retention time
information in two orthogonal modes and collision cross section values provided
additional evidence to the accurate mass measurements and facilitated the
identification of bio-TPs isomers. Bio-TPs arising from both oxidative and
conjugative metabolic reactions were identified. Overall, 26 bio-TPs were
identified through suspect and non-target screening workflows. Finally, it was
demonstrated that biotransformation data could be used complementary to the Cint
of the parent BTs to interpret the induced toxicity.

3.06.3

Optimizing a suspect screening annotation workflow for large-scale
application in human cohort

J. Chaker, EHESP; T. Léger, E. Gilles, B. Jégou, Univ Rennes, Inserm, EHESP,
Irset (Institut de recherche en santé, environnement et travail) - UMR_S 1085, F-
35000 Rennes, France; D.M. Kristensen, Danish Headache Center, Department of
Neurology, Rigshospitalet, University of Copenhagen, Denmark; A. David,
EHESP / LERES

The emergence of the exposome paradigm underlines the need for more holistic
environmental exposure assessment to study causes of non-communicable chronic
diseases as well as other physiological disorders. So far, data on human exposure
to xenobiotics is limited to few chemical classes. Hence, new untargeted methods
could be extremely useful to have a more global view on the human exposure to
xenobiotic mixtures. The main challenge is that most of these xenobiotics are at
trace levels in complex biological matrices. Hence, data pre-processing and
annotation parameters have to be optimized to detect these low abundant signals.
This work aimed at optimizing an annotation workflow for future large-scale
application on a human cohort. Vendor softwares (MarkerView and Progenesis),
open access (MzMine2), and open source software using R (XCMS) were
evaluated for the detection of standards spiked at low level. Secondly, an
automatized annotation workflow (2500 xenobiotics) based on confidence indexes
on mass, retention time (experimental or predicted), and isotopologues, was
developed in-house and tested on plasma samples from a mother child cohort. As
a first result, this study showed that tuning of detection parameters is key to
optimize the detection of low abundant signals for each software. Noise level was
the key parameter to enhance detection of spiked standards in vendor software
while peak width and wavelets scales were the most important parameters for
XCMS and MzMine2. Once all the parameters were optimised, similar frequency
of detection performances were observed for all softwares. However, vendor
software such as MarkerView outperformed open access and open source
softwares for computing time (< 3h for MarkerView compared to up to 29h for
MzMine2). Annotation workflow based on three confidence indexes (m/z, Rt, and
isotopologues) and combined into a global confidence index assessed on plasma
samples from a mother child cohort allowed to detect xenobiotics such as
pharmaceuticals, preservatives, fire retardants, and drug precursors. This study
showed that in the specific context of application of suspect screening strategy in
large-scale human cohorts, the use of vendor software can be considered as a fast
and reliable solution for simple raw data processing. The in-house suspect
screening annotation workflow was very efficient to remove false positives and
allowed to detect xenobiotics to prioritize for targeted method development and
quantification.

3.06.4

Combination of Non-targeted and Targeted Analyses to Identify Biomarkers
of Pesticide Exposures

N. Bonvallot, EHESP / Occupational and Environmental Health; E. JAMIN,
Toxalim (Research Centre in Food Toxicology), Université de Toulouse, INRA,
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ENVT, INP-Purpan, UPS, Toulouse, France; Metatoul-AXIOM platform,
MetaboHUB, National Infrastructure for Metabolomi; L. REGNAUT, Univ
Rennes, Inserm, EHESP, Irset (Institut de recherche en santé, environnement et
travail) - UMR_S 1085, F-35000 Rennes, France; C. CHEVRIER, Univ Rennes,
Inserm, EHESP, Irset (Institut de recherche en santé, environnement et travail) -
UMR_S 1085, F-35000 Rennes; J. MARTIN, Toxalim (Research Centre in Food
Toxicology), Université de Toulouse, INRA, ENVT, INP-Purpan, UPS, Toulouse,
France ; Metatoul-AXIOM platform, MetaboHUB, National Infrastructure for
Metabolom; F. MERCIER, Univ Rennes, Inserm, EHESP, Irset (Institut de
recherche en santé, environnement et travail) - UMR_S 1085, F-35000 Rennes,
France / LERES; S. CORDIER, Univ Rennes, Inserm, EHESP, Irset (Institut de
recherche en santé, environnement et travail) - UMR_S 1085, F-35000 Rennes,
France; J. CRAVEDI, L. DEBRAUWER, INRA UMR 1331 TOXALIM, research
centre in food toxicology / Axiom-Metatoul; B. Le Bot, Univ Rennes, Inserm,
EHESP, Irset (Institut de recherche en santé, environnement et travail) - UMR_S
1085, F-35000 Rennes / LERES

Pesticides are largely used to control pests and represent a huge diversity of
chemicals used in different contexts, leading to multiple exposure sources for
human. Characterization of human exposure to pesticides still represents a
challenge. The objective of this study was to associate non-targeted and targeted
analytical approaches to monitor various pesticides and their metabolites in urine
from pregnant women, and to assess the determinants of their exposure. Urinary
samples from 300 women belonging to PELAGIE mother-child cohort (Brittany,
France) were analyzed by UHPLC/OrbitrapMS with a non-targeted approach and
by UHPLC/QTOFMS with a multiresidue targeted approach after a sample
preparation step. According to data, frequentist and Bayesian statistical analyses
were used to study the determinants of pesticide exposures. Non-targeted analysis
resulted in the identification of 28 pesticide metabolites, corresponding to 3
fungicides (azoxystrobin, fenpropimorph and procymidone), 3 herbicides
(quizalofop-p-ethyl, chlorpropham and phenmedipham), and one insecticide
(carbofuran). Using the targeted approach, pyrethroids, organophosphorous (OP),
phenoxypropionic acid derivatives, as well as chlorpyrifos and fluazifop-p-butyl
were detected in > 60% of samples; prochloraz, bromoxynil, diazinon and
procymidone were detected between 10 and 50%. Urinary concentration levels
range was between < LOD until 600 pg/L for methyl-OP metabolites. The
determinants of exposure were: (1) location in urban area (town > 20 000 inhab.)
for phenmedipham and procymidone, (2) location in rural area for bromoxynil, (3)
proximity with vegetable crops and presence of cereal crops in the town of
residence (chlorpyrifos), (4) proximity with wheat crops (fluazifop); (5) diet (OP);
(6) smoking (diazinon); and surprisingly, (7) absence of peas and potato crops in
the town of residence (pyrethroids). The originality of this study was to combine
non-targeted and targeted analyses on the same samples. Non-targeted approach
allows the identification of pesticides (or corresponding metabolites) not
frequently studied and not measured in biomonitoring studies due to the lack of
analytical standards. Complementary, targeted approach allows the quantification
of numerous compounds including low molecular weight polar metabolites. The
generalization of this type of study would therefore be interesting to include new
pesticide biomarkers useful for biomonitoring or epidemiological studies.

Chlorinated Paraffins - State of Science, Insights, Challenges
and the Way Forward

3.07.1

Passive dosing vs. liposome delivery for bioaccumulation and toxicity
assessment: method comparison using Chlorinated Paraffins as a model
substance

M. Castro, Stockholm University / ACES; A. Sobek, B. Yuan, Stockholm
University / Department of Environmental Science and Analytical Chemistry
ACES; D. Lindqvist, Stockholm University / ACES; E. Gorokhova, Stockholm
University / Department of Environmental Science and Analytical Chemistry
(ACES); L. Asplund, Stockholm University / Department of Environmental
Science and Analytical Chemistry ACES; M. Breitholtz, Stocholm University /
ACES

Standard aquatic testing, necessary during the environmental risk assessment of
chemicals, is limited to readily water soluble chemicals. Passive dosing via
silicone has been developed to accommodate hydrophobic organic chemicals,
including CPs, allowing stable water exposures at environmentally relevant
concentrations. Liposomes have been widely used in the pharmaceutical industry
to effectively stabilize compounds with poor biodistribution and complex
pharmacokinetics. In this communication, we aim to present and compare these
two alternative aquatic testing methodologies developed for CPs. Experiments
were conducted based on the 48 h Acute Immobilisation Test (OECD test 202).
For the passive dosing approach, Daphnia magna were exposed to CPs via water
and food equilibrated with CP-dosed silicone and via CP-loaded liposomes.
Partitioning coefficients of CPs between silicone and water (log Kiiticone-water) and
D. magna and water (log Koc-water, log BCF/BAF) were determined by quantifying
the amount of CPs in each matrix (APCI-qTOF-MS). For the liposome mediated
delivery of CPs, the amount of CPs in the liposomes, water and in D. magna were
determined by radiometric analysis of the '*C-labelled CPs. CPs were sucessfully
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incorporated into both silicone and liposomes (recoveries varied between 80 and
100%). Time to steady state in the animal (Css) was, on average, 33 hours when
daphnids were exposed to CPs via passive dosing and 16 hours when daphnids
were exposed to CPs via liposome dosing. Strickingly, when CPs were dosed to
D. magna via liposomes, 50% immobilization was observed at 1 ng pg dw™,
whereas through passive dosing, < 10% immobilization was observed up to 10 +
1.5 ng pug dw-1. A full dose-response was obtained for the LMD (0.75-11 pg L™
(total dosed pg CPs via liposomes, per litre) but not for PD (water concentration
range 23 - 280 pg L™'). We believe this is an effect of a faster uptake of CPs by the
animals but also a result of direct uptake to specific, and possibly, critical tissues
of the animal. The liposome mediated delivery of chemicals works by direct
partitioning to the gut of the animals, after the liposomes are ingested as food
particles, whereas passive dosing dosing occurs via water mainly via passive
diffusion to the animal’s body.

3.07.2

Environmental behaviour and bioaccumulation of chlorinated paraffins,
dechloranes and PCBs in northern freshwater ecosystems

A. Arriola, Akvaplan-niva AS; I. Krogseth, NILU - Norwegian Institute for Air
Research; N.A. Warner, Norwegian Institute for Air Research / Fram Centre; D.
Herzke, NILU-Norwegian Institute for Air Research / Environmental Chemistry;
A. Evenset, Akvaplan-niva AS; C. Méckel, Stockholm University / Department of
Environmental Science and Analytical Chemistry ACES; K. Breivik, NILU
Norwegian Institute for Air Research

Arctic ecosystems are viewed as net receptors of persistent organic pollutants
(POPs). While concentrations of some legacy POPs have declined, there is
increasing concern about emerging organic contaminants such as chlorinated
paraffins (CPs). In 2017, short chain CPs (SCCPs) were included in the
Stockholm convention and are now banned. However, medium chain CPs
(MCCPs) are still not regulated and are produced in large quantities. The objective
of this study is to investigate the environmental behaviour and bioaccumulation of
S/MCCPs in Arctic freshwater ecosystems, currently representing a significant
knowledge gap. Two lakes in Northern Norway were studied: Storvannet (ST) and
Takvannet (TA). Both have similar food webs and the same top predator species
but have different sources of organic contaminants. ST is located in an area with
known local sources of legacy POPs and emerging contaminants while TA is a
remote lake with no known local contaminant sources. Samples of sediments,
benthic organisms, three-spined sticklebacks (Gasterosteus aculeatus), brown trout
(Salmo trutta) and Arctic char (Salvelinus alpinus) were sampled and analysed for
contaminants (polychlorinated biphenyls (PCBs), S/MCCPs, and Dechlorane Plus
and analogues), stable isotopes (815N, 313C) and lipid content. Laboratory
procedures were performed in a clean room facility with strict quality control
procedures. Preliminary results show that S/MCCPs were detected in char and
trout from both lakes, suggesting these compounds can undergo long-range
atmospheric transport, followed by deposition and bioaccumulation. Fish in both
lakes had higher concentrations of MCCPs than SCCPs. There were no difference
in SCCP concentrations between char and trout in either lake, but trout from TA
had higher MCCP levels than char. Char from both lakes had lower S/MCCP
concentrations than char from Bjerneya (740N 190E), but higher than those found
in Canada. Contaminants in sticklebacks, benthic organisms, and sediments are
currently being quantified. Complete results for the whole ecosystem will be
presented, also accounting for stable isotope analysis. Results will provide a
comprehensive description of concentration, bioaccumulation and
biomagnification factors of S/MCCPs, selected dechlorane compounds in
comparison with PCBs. Solid mechanistic understanding of the link between
emissions and Arctic ecosystem exposure is of key importance for scientifically
sound chemical management strategies

3.07.3

Chlorinated paraffins and tris (1-chloro-2-propyl) phosphate in PUR foam - a
source for indoor exposure?

S. Brandsma, VU University Amsterdam / Department of Environment & Health;
M. Brits, National Metrology Institute of South Africa; J. de Boer, Vrije
Universiteit Amsterdam / Department of Environment & Health; P. Leonards,
Vrije Universiteit Amsterdam / Environment & Health

Improved insulation in houses reduce heat energy loss, and contribute to
decreased use of fossil fuels. Therefore, the Dutch government financially
subsidise house owners to improve the energy performance of their houses.
Energy saving is not only financially attractive but also reduces the carbon
footprint. Various insulation materials can be used to improve the heat energy
performance of houses; one commonly used product is polyurethane (PUR) foam.
PUR foams contains various chemical additives, such as plasticizers and flame
retardants, to improve the physiochemical properties for insulation applications.
These chemical additives may leach from the applied foam to the indoor and
outdoor environment. In this study, we focused on the presence of short, medium,
and long chain chlorinated paraffins (SCCPs, MCCPs and LCCPs) and the
organophosphate flame retardant (OPFR) tris (1-chloro-2-propyl) phosphate
(TCIPP) in PUR foam, and investigated the transmission of these chemicals
through direct hand contact with PUR foam. CPs were detected in all ten new
PUR foam products with levels ranging from 1.0% to 54% (w/w). The PUR foam
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products also contained TCiPP with levels ranging from 1% to 30% (w/w). The
high levels of CPs and TCiPP used in PUR foam may pose a potential risk for
human exposure. CPs and TCiPP are easily transferred from the PUR foam to the
hands by direct contact. CP Levels up to 590 pg per hand were found. After hand
washing substantial amounts of CPs remain on the hands. Further investigation is
needed to assess potential exposure risks associated with general and occupational
use of PUR foam. Further work will carried out on the emission to air, and landfill
leaching potential of these chemicals when discarded.

3.07.4

Poster spotlight: What's in a name? Understanding the complexities and
impact of chloro alkane nomenclature around the globe.

C. Howick, INOVYN / Product Stewardship

3.07.5

Poster spotlight: New standards for chlorinated paraffins - Eurostars
CHLOFFIN project

S. Valderhaug, Chiron AS

Emerging Environmental Contaminants - Status, Trends,
Challenges and Knowledge Gaps

3.08.2

Occurrence, risk assessment and prioritization of organic micropollutants: A
multi-compartment analysis of freshwater systems in western Kenya

F. Kandie, Moi University; L. Beckers, Helmholtz-Zentrum fiir Umweltforschung
GmbH - UFZ / Effect-Directed Analysis; R. Massei, University of Antwerp; U.
Fillinger, International Center for Insect Physiology and Ecology / Human Health;
A. Ganatra, International Center for Insect Physiology and Ecology; J.M. Becker,
Helmholtz Centre for Environmental Research / System Ecotoxicology; M. Liess,
Helmholtz centre for environmental research - UFZ / System-Ecotoxicology; B.
Torto, International Center for Insect Physiology and Ecology; M. Krauss, W.
Brack, Helmholtz Centre for Environmental Research UFZ / Effect-Directed
Analysis

The rising use and production of organic chemicals such as pharmaceuticals,
pesticides and biocides has led to concerns over their increasing detection with
potential adverse effects in the environment. However, as regular monitoring and
legislation on organic micropollutants (OMPs) is done in Europe and other
developed countries, there is still insufficient information from Africa. In order to
close this knowledge gap, the main objective of this study was to determine the
multi-compartment occurrence of chemical mixtures in freshwater systems.
Specifically, we aim to: 1) identify OMPs present in the water, sediments and
snails, 2) perform risk assessment using standard test organisms including fish,
crustaceans, algae 3) derive candidate priority compounds for regulation in
western Kenya and 4) determine the partitioning of these compounds between
different compartments based on chemical activity. Sampling was carried out in
48 sites within western Kenya. Water, snails (if present) and sediment were
sampled based on different land use systems for chemical analysis. Water samples
were directly injected into a liquid Chromatography - high resolution mass
Spectrometer (LC-HRMS). Pollutants in the snail tissues were extracted using the
QuEChERS method while pressurized liquid extraction (PLE) was applied for
sediment extraction prior to instrumental analysis. Out of the 423 target
compounds, 78 compounds were detected in water, 45 compounds in snails and 60
compounds in sediments. Generally, pesticides and biocides were the chemical
class with the highest detections in the three matrices. Concentrations ranged up to
24 ng L-1 (water), 480 ng g-1 wet weight (snails) and 7 pg (gTOC-1) in
sediments with acetyl-sulfamethoxazole (A-SMX) and triethylcitrate
predominantly in water and N-ethyl-o-toluenesulfonamide in all matrices. Snails
and sediments acted as passive samplers to compounds like efavirenz, acetamiprid
and thiacloprid not detected in water. Risk assessment through Toxic Units (TU)
showed crustaceans having the greatest potential risk with diazinon, bendiocarb,
carbendazim and pirimiphos-methyl driving this risk. Low but substantial risk was
observed for fish and algae with TU up to 0.5. Based on frequency and extent of
exceedance of acute and chronic thresholds, and by applying lowest Predicted No
Effect Concentration (PNEC), compounds including diazinon, carbendazim,
hexazinon and A-SMX by were prioritized for monitoring and abatement in
western Kenya.

3.08.3

Comparison of Rare Earth Element levels in muscles of key species of
Amazonian freshwater ecosystem close to an open landfill

B. Costa Souza, INSTITUTO EVANDRO CHAGAS / SECAO DE MEIO
AMBIENTE (ENVIRONENTAL SECTION); L. Marjorie, laboratory Mer,
Molécule, Santé / Laboratory Mer, Molécules, Santé; L. Poirier, Univeristé de
Nantes / Mer Molécules Sant¢é MMS; M. de Oliveira Lima, INSTITUTO
EVANDRO CHAGAS / SECAO DE MEIO AMBIENTE (ENVIRONENTAL
SECTION); A. Zalouk-Vergnoux, Univeristé de Nantes / MMS
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Improper disposal of urban solid wastes threaten the environment, particularly
aquatic ecosystems. Among the concerns surrounding the release of untreated
effluents into rivers adjacent to landfills is contamination by metallic elements.
Metals like Cu, Zn, Pb, and Hg are usually studied in environmental risk
assessment but others should be better considered: rare earth elements (REEs).
REEs are 17 metals of similar physiochemical properties, scandium, yttrium and
15 lanthanides from lanthanum to lutetium. Because of their physical and
chemical characteristics, they are often used in high tech everyday products
However, despite their wide application, little is known about the ecotoxicology
and bioaccumulation characteristics in organisms. The aim of this study was to
determine the levels of REEs in key species of a freshwater ecosystem close to an
open landfill. Three species were selected to represent different taxa: prawn
(Macrobrachium amazonicum), crab (Uca mordax) and fish (Propimelodus
eignmanni). These aquatic animals have a high socio-economic weight because
they are captured, consumed daily by the population living on the banks of Aura
River and would also be resold in fairs. The study was conducted in Brazil, in the
Belém Metropolitan Region (BMR). After the implementation of the Aura landfill
for almost three decades, this area has become the final destination of USWs from
the BMR. The sampling campaign was carried out in May 2016. Biological
parameters of organisms were measured, individuals were dissected to remove the
muscles before to be stored at -80°C until the analysis by inductively coupled
plasma mass spectrometer (ICP-MS) with rhenium (Re) as internal standard after
muffle carbonization and acid digestion with microwaves. The REE levels in
muscles were much higher than values found in the literature for China. They
were significantly different comparing the three studied species, with up to 2
orders of magnitude. The highest levels were found for crab, followed by shrimp
and fish even if they evolved in the same environment. These differences could be
attributed to their specific habitat, their feeding behavior and their position in the
trophic chain. No quantitative impact of the open landfill was highlighted on total
REE levels but an enrichment of Eu and Gd could be attributed to it. This work
allows to estimate the potential use of crabs as a very promising biomonitor of
REEs and characterize the human exposure.

3.08.4
Combined analytical and effect-based monitoring of EU Watch List water
samples
E. Simon, Centre Ecotox / Aquatic Ecotoxicology; A. Duffek, German
Environment Agency / Water and Soil; M. Frey, Steinbeis Transfer Center for
Applied Biological Chemistry; M. Scheurer, Water Technology Center TZW
Karlsruhe; K. Swart, P. Behnisch, BioDetection Systems; J. Tuerk, Institute of
Energy and Environmental Technology e.V. (IUTA); J. Bachmann, German
Environment Agency (UBA) / Section IV2.2 Environmental Risk Assessment of
Pharmaceuticals; R. Kase, State Secreteriat for Economic Affairs (SECO); E.
Vermeirssen, Ecotox Centre CH / Aquatic Ecotoxicology; I. Werner, Swiss Centre
for Applied Ecotoxicology, Eawag/EPFL
Three steroidal estrogens, 17a-ethinylestradiol (EE2), 17B-estradiol (E2) and
estrone (E1), and the cyclooxygenase (COX) inhibitor pharmaceutical, diclofenac
have been included in the first Watch List of the Water Framework Directive
(WFD, Directive 2000/60/EC). This means that more Union-wide monitoring data
are required on these potential water pollutants before they can be considered for
inclusion in the list of priority substances. However, it is a challenge to detect
these chemicals at bioactive concentrations (low pg/L) with existing routine
analytical methods. Effect-based methods are promising bioanalytical tools that
could circumvent such detection challenges by measuring total estrogenic activity
or COX inhibition in the aquatic environment in a cost-efficient way at very low
concentrations exerted by the above mentioned substances. To investigate the
applicability of effect-based methods for monitoring specific groups of substances
under the WFD a monitoring project was initiated by the Swiss Centre for Applied
Ecotoxicology (CH) and the German Environment Agency (UBA, DE).
Furthermore, the project aimed at providing high-quality monitoring data for these
EU Watch List substances. Surface waters from Watch List sampling stations in
14 EU member states and 4 Swiss cantons were analyzed for steroidal estrogens
and diclofenac along with other pharmaceuticals (COX inhibitors, e.g. ibuprofen)
by LC-MS/MS and screened in vitro for estrogenicity by estrogen receptor
transactivation assays (ERTAs, such as the human cell-based ERa-CALUX and
the yeast estrogen screen, AYES) and COX inhibition. The presentation aims to
summarize the major results and conclusions of this large monitoring project: [

All applied chemical analytical and effect-based methods
fulfilled the required maximum acceptable method detection limit for the Watch
List monitoring. [ All together high-quality monitoring data were produced and
the applicability of effect-based methods was shown to complement targeted
monitoring of specific groups of substances in the aquatic environment under the
EU WED. [J The applied effect-based method of steroidal estrogens is
more sensitive than chemical analytics pointing out its good screening potential.
At the same time, it also implies that analytical methods are faced with detection
challenges of the target analytes at low concentrations. L] ~ Chemical analytical
and effect-based methods can be combined in order to get the benefits of both: o

to receive indication on substances and their contribution to
the measured effects, o to study variable chemical exposure, o

to exclude false negative measurements, o
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to monitor specific groups of substances in the aquatic
environment.

3.08.5

Water toxicity monitoring using CHO cell lines and genetically modified
bioluminescent bacteria

B. M, Agriculture Research Organization / Institute of Soil, Water and
Environmental science; N. Massalha, University of Haifa / The Galilee Society
Institute of Applied Research; E. Eltzov, Agricultural Research Organization /
Institute of Postharvest and Food Science, Department of Postharvest Science; T.
H. Nguyen, University of Illinois at Urbana-Champaign / Department of Civil and
Environmental Engineering, Safe Global Water Institute,; I. Sabbah, University of
Haifa / The Galilee Society Institute of Applied Research; M. Borisover,
Agricultural Research Organization / Institute of Soil, Water and Environmental
science

Examining the emerging cytotoxic, genotoxic, and mutagenic contaminants in
source waters have gained much attention in order to supply pollutant-free water.
The genetically modified (GM) bioluminescent bacteria sensitive to cyto-,
genotoxic, and reactive oxygen mediated (ROS) toxic effects and Chinese hamster
ovary (CHO) cell lines as a cytotoxicity bioindicators are utilized in this study to
understand the water toxicity. Seven different sources of water samples of
municipal wastewater treatment plant effluent (TWW effluent), Tabor stream,
aquaponics farm, hydroponics farm, the effluent of wetland treating municipal
wastewater, Kinneret Lake, and Amud stream was collected from northern Israel.
Source water samples collected from TWW effluent, wetland, Tabor stream were
comparably geno-, and cytotoxic on GM bioluminescent bacteria than other water
types, but not inducing ROS mediated effects at all in any source waters. The
XAD 2/8 extracted organics were several folds concentrated on measuring its
cytotoxicity in CHO cell lines; in contrast, the bacterial toxicity assays do not
require any such sample pre-concentration. The XAD 2/8 extracts from Tabor
stream, TWW effluent, wetland, Amud stream, and aquaponics farm showed a
significant cytotoxic (LCso) effect at different concentrations on CHO cell lines.
Comparing the sensitivity of two test systems, there was no correlation between
the cytotoxicity of GM bioluminescent bacteria and CHO cell lines at equal LCso
eluate concentration tested, reveals that both the monitoring tools act distinctively.
The acidification and XAD extraction procedure could underestimate the cyto-
toxicants in source water samples by any chemical modifications. The difference
in cyto- and genotoxicity observed on both biomonitoring systems highlights the
composition of organic and inorganic contaminants are very diverse between the
water sources utilized.

3.08.6

Development of a high throughput tool for improving hazard assessment
using microalgae

A. Almeida, NIVA, Section 213 / Ecotoxicology and Risk Assessment; T. Gomes,
Norwegian Institute for Water Research (NIVA) / Section of Ecotoxicology and
Risk Assessment; A. Lillicrap, NIVA Norwegian Institute for Water Research /
Ecotoxicology and Risk Assessment

The algal growth inhibition test is a well-established toxicological endpoint
required by regulatory authorities to analyse the toxicity of hazardous substance
present in the aquatic environment. However, they do not provide any further
information on the toxic mode of action by which contaminants affect the
biological processes of microalgae. Flow cytometry can be used as a diagnostic
tool to analyse cells” metabolic status. Other important effects of contaminants in
microalgae are alterations in photosystem II (PSII). The present study intended to
develop a high throughput methodology to discern how contaminants specifically
affect microalgae as a complement to algal growth inhibition tests. This tool set
included effects on cell viability, cell size and complexity, cell cycle and DNA
content, formation of reactive oxygen species (ROS), natural pigments content,
mitochondrial and cytoplasmatic membrane potential, lipid peroxidation (LPO)
and PSII performance. A first experiment was made to analyse the sensitivity of
this methodology to detect sub-lethal toxic effects of different bottled waters in
Raphidocelis subcapitata. A second experiment was conducted to further evaluate
the applicability of the tool set to analyse the mechanistic effects of two
antibiotics, azithromycin and doxycycline in R. subcapitata. Exponentially
growing microalgae were exposed along 72 hours, after which all the endpoints
were analysed. The most sensitive endpoints reflecting the effects of the bottled
waters were oxidative stress related endpoints (ROS and LPO), pigment content
and the morphological endpoints size, complexity and cell cycle. On the other
hand, the growth rate was one of the least sensitive endpoints. For azithromycin
and doxycycline, only the general toxicity data from the algal growth inhibition
test is available, indicating high toxicity of both antibiotics (ECso of 0.051 mg/L
and 0.060 mg/L for azithromycin and doxycycline, respectively). The data given
by the tool set is currently being analysed and seems promising for indicating the
specific mode of action of each antibiotic in R. subcapitata. The used
methodology proved to be sensitive and high throughput, simultaneously
gathering information on the morphological, biochemical and physiological status
of microalgal cells. This is therefore a promising tool to be incorporated in the
future in microalgal toxicity bioassays for testing contaminants, to improve
current hazard assessment policies.
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Mass Spectrometry Screening Strategies to Evaluate
Environmental Exposures: What Have We Learned and
Where Are We Going?

3.09.1

Development of an effect-directed method for the identification of toxic
contaminants present in hospital effluents

N. Lopez, University of the Basque Country / Analytical Chemistry; B. Gonzalez-
Gaya, ESTACION MARINA DE PLENTZIA. UPV/EHU / Analytical
Chemistry; N. Etxebarria, O. Zuloaga, M. Olivares, University of the Basque
Country UPV/EHU / Plentzia Marine Station (PiE-UPV/EHU) & Dep Analytical
Chemistry; A. Prieto, University of the Basque Country / Plentzia Marine Station
(PiE-UPV/EHU) & Dep Analytical Chemistry

An effect-directed analysis protocol was developed and applied to a hospital
effluent (Biscay, Basque Country), one of the bigger hospitals in the Basque
Country holding more than 800 beds and offering more than 13 specialities, using
the sea urchin embryo test (SET) as toxicological in vivo bioassay. The objective
was to identify compounds responsible for the toxicity by combining state-of-the-
art sampling, toxicology assays, fractionation and targeted and suspect screening
techniques. A fractionation step was performed by means of a C18 (18 fractions)
and an aminopropyl (15 fractions) semi-preparative column and toxic fractions
resulting from the SET at 75% effective concentration (EC75) were analysed by
liquid chromatography coupled to an Orbitrap high resolution mass spectrometer
(LC-HR-Q-Orbitrap/MS). The number of candidates (suspect screening) was
drastically reduced from 446 detected in the raw sample to 27, which were
identified in the two significantly toxic fractions according to the SET. Among
them, 4 (caffeine, sulfamethoxazole, fluconazole and bisoprolol) were confirmed
with available chemical standards, 17 were structurally confirmed and 4
tentatively identified by the isotopic profile. According to values compiled in the
literature the top-ranking drivers of toxicity were pharmaceuticals (eprosartan,
irbesartan, verapamil) and fungicides (fenpropidin, spiroxamine) being also
identified here in the toxic fractions by means of the target analysis. This study
demonstrated to be a functional effect of directed analysis (EDA) strategy focused
on the identification of toxicological effects in aquatic fauna, being the SET
applicable in hospital effluents.

3.09.2

Ozonation transformation products in water and wastewater treatment with
different post-treatments

C. McArdell, Eawag / Environmental Chemistry; R. Gulde, Eawag Swiss Federal
Institute of Aquatic Science / Environmental Chemistry; M. Rutsch, B. Clerc, J.E.
Schollee, Eawag / Environmental Chemistry; U. von Gunten, Ecole Polytechnique
Fédérale de Lausanne / School of Architecture, Civil, and Environmental
Engineering

Ozonation is increasingly been used in water and wastewater treatment to abate
micropollutants, however, formed ozonation transformation products (OTPs) are
largely unknown. We used a new approach of a) smart mixtures and b) mimicked
matrix with relevant ozone and OH radical exposures in laboratory experiments to
identify OTP candidates of 70 environmentally relevant micropollutants with
different functional groups, first as signals only using LC-HR-MS/MS. Thereafter,
their abundance in real water matrices (wastewater and spiked drinking water)
after ozonation with different post-treatments were evaluated. For these
prioritized, environmentally relevant transformation products, chemical structures
were assessed. More than 1000 OTP signals were found in the batch experiments,
but only a fraction could be confirmed in the real water samples based on the
exact masses and on similar retention times. We were able to elucidate OTPs of
environmentally relevant micropollutants, increasing our knowledge on their
abundance, but also for prioritization of ozonation reactions. OTPs were found to
be better abated in post-treatments using activated carbon (granular activated
carbon filters and powdered activated carbon treatment) compared to purely
biological post-treatment in a sand filtration. We could confirm our hypothesis
that biodegradability of OTPs depends on the functional groups of the respective
parent compounds.

3.09.3

A chemometrics workflow for MS environmental data analysis: the
ROIMCR procedure

R. Tauler, IDAEA CSIC / Department of Environmental Chemistry

In the last years, chemometrics has experienced a large expansion in the omics
and environmental fields, because of its role in the analysis of the large volumes
of data produced by the high performance analytical techniques used, such as
mass spectrometry. There is an urgent need for an improvement, dissemination
and automation of all the steps of chemometric data analysis procedures, to
summarize and integrate the wealth of information present in MS data sets, and to
extract from them the sought environmental knowledge. Most of the proposed
strategies in MS chromatographic data analysis need the application of peak
alignment and peak shape modelling approaches and they associate every
“feature” (i.e., chromatographic peak) to a unique m/z measurement. Thus, the
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development of an alternative data analysis strategy applicable to most types of
MS data sets, which properly addresses these issues, is still a challenge. In this
work, the ROIMCR procedure is proposed to filter and compress the massive MS
data sets produced in environmental and omics studies without the need of these
data pre-treatment strategies nor of loss of the mass spectral accuracy and with the
aim to resolve the spectral and concentration (elution) profiles of all the chemical
constituents of the analysed samples. Two examples of application of the
ROIMCR method will be illustrated in the investigation of two cases: a) the
analysis of the effects of TBT on human cells, and b) the investigation of the
polymer degradation products produced in different wastewater treatment plants.
Opverall, the hereby presented ROIMCR strategy demonstrates the usefulness of
chemometrics in the analysis of the massive data from high resolution MS
instruments and it is a valuable addition to untargeted analytical approaches. The
applicability of the ROIMCR method is confirmed and presents some advantages
compared to other strategies. On one hand, the principal benefit of performing the
ROI filtering and compression steps is the capacity to minimize the primary
dimensions of the data (gigabytes of storage) while preventing any loss of spectral
accuracy. On the other hand, the main advantages attributed to the MCR-ALS
analysis include: 1) the possibility of immediate chemical identification of the
components of the investiogated samples (metabolites, lipids, transformation
products...) based on the MS information provided in the analysis, ii) the
possibility to infer realtive quantitative information about them or even their
absolute quantitation if analytical standards are available; iii) the high degree of
interpretability of the results, iv) the flexibility in the structure and nature of the
datasets that are potentially able to be analyzed and v) the added value as a
preprocessing method that does not require peak modelling nor chromatographic
alignment for the simultaneous analysis of multiple samples. Supported by ERC-
AdG-32073-Chemageb

3.09.4

Poster spotlight: Community engagement and perceptions of targeted and
non-targeted chemicals of concern for municipal wastewater reuse onto
human food crops.

E.G. Nichols, NC State University / Forestry and Environmental Resources

3.09.5

Poster spotlight: Non-target screening using two-dimensional GC coupled to
high-resolution MS reveals complex pattern of contamination in Arctic
marine zooplankton

L 9verjordet, SINTEF Ocean / Environment and New Resources

Measuring, Modelling and Monitoring of Pesticides Fate in a
Regulatory Context

3.10.1

Initiative to Develop a Harmonised Framework for Spatially Distributed
Leaching Modelling of Pesticides

A. Tiktak, PBL Netherlands Environmental Assessment Agency / Water
Agriculture and Food; A. Boivin, ANSES / U3EIV; A. Poot, Ctgb; B. Jene, BASF
SE / Environmental Fate; E. van den Berg, Alterra Wageningen University and
Research Centre / Environmental Risk Assessment Team; G. Hoogeweg,
Waterborne Environmental, Inc. / Modeling; M. Klein, Fraunhofer IME /
Ecological chemistry; M. Stemmer, Austrian Agency for Health and Food Safety /
Institute for Plant Protection Products; P. Sweeney, Syngenta / Environment
Product Safety; R. Sur, Bayer AG - Crop Science Division / Environmental
Safety

Spatially distributed leaching modelling (SDLM) of pesticides is a methodology
to estimate the leaching potential over an extensive spatial scale. Percentiles of the
leaching concentration can directly be derived from vulnerability maps of the area
of interest. SDLM can also help setting groundwater monitoring into context. In
FOCUS groundwater, 2014, SDLM is foreseen as higher tier leaching risk
assessment on Tier 3b and for supporting monitoring studies (Tier 4).The report of
the SETAC EMAG-Pest GW working group (Gimsing et al., 2019) highlights the
importance of SDLM for selecting monitoring sites or setting existing results into
context and shows examples of vulnerability maps. However, no harmonised
framework is available. This results in uncertainty on how to conduct such
modelling and which data or tool should be used. It also causes uncertainty by
evaluators that need to assess the studies. In the 9" European Modelling
Workshop 2018, it was agreed that a dialog on a spatial modelling framework and
version control for high-resolution spatial databases for the EU is needed.
Therefore, a group of scientists decided to bring together experts from academia,
regulatory authorities and industry, to discuss options and requirements for a
harmonized framework.A first workshop on SDLM was held on 24 May 2019 in
Ghent, Belgium. The main discussion areas were “Input Data”, “Modelling
Requirements” and “Regulatory aspects” resulting in the main conclusions that a
harmonized framework on SDLM would be valuable and should be developed,
SETAC would be a good host, a stepwise process should be followed and it
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should be started working on technical and methodological topics. At the FOCUS
version control meeting in Piacenza in September 2019 it was agreed by most
participants that taking geographical databases under FOCUS version control
would reduce uncertainty by increasing transparency and reproducibility.
However, capacity issues were seen by EFSA. In the joint meeting of the Ghent
workshop participants and the SETAC EMAG-Pest GW working group also held
in Piacenza it was confirmed that SETAC would be an appropriate host. It was
concluded that clarification with the SETAC Europe council is needed whether
SDLM should be a continuation of SETAC EMAG-Pest GW or a new SETAC
working group. A steering group was formed to define the scope of the working
group and to setup a functioning working group regarding subgroups, membership
and type and frequency of Meetings.

3.10.2

Lipophilicity and translocation of (non-)ionised chemicals in intact plants -
one curve fits all?

C.A. Schriever, BASF SE; M. Lamshoeft, Bayer CropScience AG / R&D

The Transpiration Stream Concentration Factor (TSCF) is implemented as
surrogate value describing compound removal from soil pore water in
environmental fate models for regulatory risk assessment of plant protection
products. Latest EU guidance for regulatory environmental fate modelling
recommends, as a higher tier option, calculating TSCF values based on the
empirical relationship between logKow and TSCF published by Briggs et al.
(1982) (uptake of 18 non-ionisable compounds by young barley plants, bell-
shaped relationship between lipophilicity and uptake). The authors of this
presentation evaluated TSCF data for non-ionisable and ionisable compounds
reported in literature to elucidate whether the empirical relationship applies also
for ionisable compounds and other crops. Papers reporting TSCF data from
hydroponic experiments with different crops and compounds were included in the
investigation, if they had been reviewed and assessed in the paper of Doucette et
al. (2018), who also rated the reported values in terms of overall confidence in the
data. Additionally, TSCF data published by Lamshoeft et al. (2018) were
considered in the investigation, a paper that was not considered by Doucette et. al.,
since it was published at the same time. TSCF data that met the criteria for high
and medium overall data confidence were analysed for the lipophilicity of a
compound at the pH value used for testing. Model performance of the equation by
Briggs et al. was quantified using the model efficiency proposed by Nash and
Sutcliff (1970). Reported TSCF values were distributed over the log Dow range
following a bell-shaped curve. The equation by Briggs et al. provided an
acceptable description of the data (Nash-Sutcliffe efficiency (NSE) of 0.32). NSE
increased to 0.52 after parameter optimization. The curve by Briggs et al. mostly
overlapped with the 95% confidence interval of the optimized curve between log
Dow of 0 and 3 and was similar or lower than the lower bound of the 95%
confidence interval for negative log Dow and log Dow values greater than 3. In
conclusion, a bell-shaped curve gives an appropriate description of the
relationship between the lipophilicity of a non-ionisable or ionisable compound
and its observed uptake by intact plants from an aqueous solution, if the pH of the
solution and partitioning of all forms of the molecule present in the solution are
considered.

3.10.3

Impact of 20-year FOCUS SW simulations on data storage capacity -
practical solutions for data reduction

D. Weber, Exponent International Ltd. / Environmental and Ecological Modelling;
M. Brauer, Exponent International Ltd.; D. Patterson, TSG Consulting; B.
Erzgraeber, BASF SE / Agricultural Solutions - Global Environmental Fate
Modelling; D. Schaefer, Bayer Crop Science / Environmental Safety; G.
Spickermann, ADAMA Deutschland GmbH; T. Jarvis, Exponent International
Ltd.

The FOCUS SW Repair Action working group will release the updated FOCUS
SW model suite in 2020. An interim MultiYear tool was used to evaluate the
impact of the planned switch from single year to 20-year simulations on the
calculation times and hardware requirements. Beside the duration of FOCUS
MACRO and FOCUS TOXSWA simulations at Step 3-4 for 20-year runs, the
requirements for data storage and hard drive capacities were analyzed. It was
identified that the data storage requirements increase significantly for each project,
especially for the TOXSWA output files. Details of the outcome and practical
solutions to reduce the amount of output data, including avoidance of redundant
files will be presented.

3.104

Determination of plant uptake of TFA by inverse modelling of a long-term
semi-field study - incorporating root imagery

K. Hammel, M. Kueppers, Bayer AG, Crop Science Division / Environmental
Safety; F. Fois, Bayer AG, Technology & Sustainability / Screening Technology;
M. Beckmann, Bayer AG, Crop Science Division / Environmental Safety; G.
Reinken, Bayer Ag / Crop Science Division

The transpiration stream concentration factor (TSCF) of a chemical is a key
parameter to quantify its uptake via plant roots. The TSCF describes the ratio
between the concentration in the xylem and in the soil solution and typically
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varies between 0 and 1. Models used for pesticide registration usually require a
TSCF value as input. Hydroponic studies (duration 1 - 2 weeks) are currently
established via an OECD test guideline to experimentally determine TSCF values
for this purpose. The test compound trifluoroacetic acid (TFA) is stable in soils
and plants, and does not adsorb to soil. It is found in the environment from
multiple sources, including the degradation of some pesticides To study plant
uptake of "*C-TFA over a complete vegetation period of winter wheat and in a
natural soil environment under variable weather conditions a long-term semi-field
container study was undertaken with two different soils. The weighted, freely
draining containers (1.25 x 0.8 m, 0.5 m deep, filled soil column) were kept in a
roofed vegetation hall and experienced approximate outdoor weather conditions;
natural rainfall was simulated by corresponding irrigation. TFA was applied at
BBCH 12-14 to the soil surface. Beyond the measurement of water and TFA mass
flows leaching from the soil or directed to the plant we used high resolution in-situ
root imagery to determine from which part of the soil at which time water and
TFA were potentially taken up. Because the TSCF is difficult to measure directly
it was determined by inverse modelling using SWAP and PEST. The roots grew
relatively quickly down to the bottom of the containers and developed a system of
similar density over depth with a slight increase towards the bottom. In contrast to
the low TSCF values derived in the hydroponic studies with TFA the TSCF values
derived here were substantially higher (cumulative uptake was more than 50 % of
applied) and much higher than derived with the empirical Briggs equation. The
two soils behaved very similar with respect to the water balance and the TFA
mass flows including uptake. Due to the well controlled experimental conditions
and the long study period the inverse modelling approach is considered robust to
obtain reliable real-world TSCF values. The inverse modelling approach is
considered robust to obtain reliable real-world TSCF values due to the well
controlled experimental conditions and the long study period over one complete
vegetation period.

Metal Speciation and Bioavailability: Mechanistic Links
between Exposure and Effects in Multi Stressor
Environments

3.11.1

Persistent Residues of Silver in Northern Pike (Esox lucius) from a Lake
Dosed with Nanosilver

C.D. Metcalfe, Trent University / Water Quality Centre; L. Hayhurst, Lakehead
University; D. Patch, I. Koch, Royal Military College of Canada / Chemistry and
Chemical Engineering; K.P. Weber, Royal Military College / Chemistry and
Chemical Engineering

We participated in a study in which suspensions of silver nanoparticles (AgNPs)
were discharged over two ice-free field seasons (i.e. 2014 and 2015) into a boreal
lake (i.e. Lake 222) at the International Institute for Sustainable Development -
Experimental Lakes Area (IISD-ELA) in northwestern Ontario, Canada. As part
of this study, we monitored the concentrations of total silver (Ag) in the tissues of
Northern Pike (Esox lucius) collected from the lake. As reported previously, the
pike rapidly accumulated Ag in all tissues during the addition phase, with the
highest concentration of 5.1 pg/g wet weight detected in the liver tissue of one of
the pike. Following cessation of lake dosing, the Ag residues in pike tissues
declined within a few months and by October 2016, the concentrations in liver
were in the range of 60-130 ng/g wet weight. However, monitoring over the 4-
years post-dosing (i.e. 2016 to 2019) showed that Ag residues in liver tissue did
not decline further in large pike (i.e. >4 years age) from the lake. X-ray absorption
near edge structure (XANES) spectra generated for Ag species present in the liver
of one of the pike sampled during the addition phase indicated that AgNP was
present in the liver tissue, along with AgNOs and Ag-cysteine. However, it is
possible that the spectrum identified as AgNP represents metallic silver (Ag’). We
hypothesize that the initial rapid decline in the concentrations of Ag from pike
liver was due to the loss of labile species, while the more persistent residues are
due the continued presence of non-labile AgNP or Ag’ in the liver tissue. These
data illustrate the importance of understanding how the speciation of metallic
nanoparticles influences bioaccumulation.

3.11.2

Considerations on assessment of ecotoxicological risks of metals in mining
affected boreal lake sediments

J. Akkanen, K. Véinénen, University of Eastern Finland / Department of
environmental and biological sciences

One of the environmental impacts of metal mining is metal and sulphate releases
to the aquatic environment. Sediments act many times as final storages for
contamination and continue to do so also after original sources has ceased.
Various approaches can be used in assessment of ecotoxicity and ecological risks.
However, all approaches come with advantages and disadvantages. This
presentation considers issues connected to ecological risk assessment of metal
mining affected sediments starting from timing of sampling to conditions in
laboratory studies vs. field. Seasonal differences due to changes in dissolved
oxygen situation and depending on the assessment method used it is detectable or
not. In addition, many models and approaches exist (BLM, SQGs, SSD etc.) for a
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few metals, but for example validation ranges for water quality of BLM-models
don’t necessarily cover the variability seen in water quality in the boreal regions
(e.g. pH, water hardness). In the field, late winter the oxygen concentration and
pH were low and the risks of metals high as compared to autumn. In contrast, the
use of aeration in the laboratory scale ecotoxicological test vessels led to low pH,
which affected survival of the experimental organisms. Timing of the sampling
and the methods used to assess ecological risks of metal contaminated sediments
may lead to different conclusions in boreal lakes affected by metal mining. In
addition, seasonality in dissolved oxygen concentrations and pH cause additional
stress. In many cases, these are not considered in the methods used for
assessments.

3.11.3

Integrated ecotoxicological assessment of Rare Earth Elements mixtures in
freshwater bivalve

N. Lachaux, LIEC / LIEC, CNRS UMR 7360; A. Chatel, Catholic University of
the West / UBL, Mer Molécules Santé; S. Devin, Universite de Lorraine / LIEC,
CNRS UMR 7360; A.C. Gutleb, Luxembourgish Institute of Science and
Technology / Environmental Research and Innovation ERIN; J.E. Groenenberg,
Alterra Wageningen University and Research Centre / sustainable soil
management; C. Mouneyrac, Université Catholique de 10uest / UBL, Mer
Molécules Santé; A. Otero Farina, S. Pain-Devin, Universite de Lorraine / LIEC,
CNRS UMR 7360; L. Poirier, Univeristé de Nantes / Mer Molécules Santé MMS;
A. Zalouk Vergnoux, Universite de Nantes; E.M. Gross, CNRS UMR 7360 /
Université de Lorraine / Laboratoire Interdisciplinaire des Ecosystemes
Continentaux; L. Giamberini, Université de Lorraine, CNRS UMR 7360 / LIEC,
CNRS

Rare Earth Elements (REE) are essential in high-technology products including
technology for the transition to sustainable energy and numerous industrial,
medical, military applications. Consequently, REE are considered technological
critical elements subject to geopolitical issues. For about twenty years, their
increasing extraction, processing and use led to their release in the environment
including aquatic systems. However, nowadays, little is known about the
ecotoxicology of REE particularly in complex natural systems. Moreover, most of
the available data concerning REE toxicity is focused on single elements, whereas
they are found in mixture in nature. REEs are expected to have cumulative toxic
effects on organisms, owing to their similar physicochemical properties, but
studies on their mixture toxicity, more representative of realistic scenarios, are
necessary to uphold this assumption. In this context, the ECOTREE international
research program aims to understand better the fate, behaviour and the potential
biological effects of REEs on freshwater ecosystems and, particularly in this
presentation, on Asian clam, Corbicula fluminea. The bivalves were exposed
during 4 days to 3 REEs representative of the lanthanide series: neodymium,
gadolinium and ytterbium alone and in mixture in absence and presence of
Dissolved Organic Matter (DOM: 8 mg/L of dissolved organic carbon including
6.8 mg/L of fulvic acid) to assess the influence of DOM on REE toxicity. Main
physicochemical properties of the exposure media were characterized in order to
study further REE speciation and predict their bioavailability. Both, total REE
bioaccumulation and subcellular compartmentalization were measured by ICP-MS
in gills and digestive glands. Additionally, toxicity responses of bivalves were
evaluated using a multi-marker approach at different levels of the biological
organization. For the physiological assessment, several biomarkers of general or
metal-specific stress, involved in antioxidant (i.e. superoxide dismutase, catalase),
antitoxic (acid phospatase) and neurological (acetylcholinesterase) functions,
metal (metallothioneins, hemolymphatic calcium) and energetic metabolisms (i.e.
triglycerides) and cell damages (i.e. lipid peroxidation, apoptosis) were measured
by automated spectrophotometer and polarography and expressed with
multivariate analysis. Some of these analyses are still in progress.

3.114

Empirical bioavailability corrections for nickel in freshwaters

A. Peters, wca; G. Merrington, WCA Environment Limited; J.L. Stauber, CSIRO /
CSIRO Land and Water; L.A. Golding, CSIRO Land and Water / Land and
Water; G.E. Batley, CSIRO Land and Water / Centre for Environmental
Contaminants Research; F. Gissi, NSW Office of Environment and Heritage /
Environmental Forensics, Environment Protection Science Branch, Science
Division; M.S. Adams, CSIRO; M. Binet, CSIRO / CSIRO Land and Water; K.
McKnight, CSIRO; C.E. Schlekat, NiPERA Inc; E.R. Garman, NiPERA Inc /
Ecotoxicologist

In the recent revision of the Australian and New Zealand water and sediment
quality guidelines increased emphasis has been placed on incorporating
bioavailability-based approaches into guideline value derivations for metals.
Previously, only water hardness had been considered as a toxicity modifying
factor for metals, although other water chemistry parameters, such as pH and
dissolved organic carbon (DOC), are also important. Biotic Ligand Models
(BLMs) are available for nickel that account for the influences of hardness, pH,
and DOC on nickel toxicity, and can be used to normalize the ecotoxicity database
to local conditions to derive site-specific. At present, no BLMs have been
endorsed to derive GVs for Australia and New Zealand, an alternative approach
that has gained considerable attention from regulatory agencies uses multiple
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linear regression (MLR) models. Predictive MLR models were developed for
algae, plants, invertebrates, and vertebrates and validated against independent
datasets in order to ensure their applicability to species other than those used for
the model development. A generalised bioavailability model was also derived
which is intended to be applicable to all aquatic organisms. The model developed
for algae provided poor predictions for aquatic plants, suggesting the need for a
separate model to predict the bioavailability responses of aquatic plants. The MLR
development dataset covered pH values from 5.5 to 8.5, DOC from 0.25 to 26
mg/L, calcium from 0.1 to 128 mg/L and magnesium from 0.2 to 286 mg/L. The
generalised model resulted in the lowest adjusted * and predicted 1* values, and
provided the poorest fit to the validation dataset, with some of the data being
poorly predicted. The use of a suite of MLR models developed for different
taxonomic groups provides a potential alternative to the current BLM which is
used for predicting site-specific nickel toxicity.

3.115

The impact of speciation and bioavailability on uptake and toxicity of metal
mixtures in Tisbe battagliai

E. Jarosz, Norwegian University of Life Sciences (NMBU) / Environmental
Chemistry; C.L. Eastabrook, Newcastle University / School of Natural and
Enviornamental Sciences; R. Wolf, NIVA Norwegian Institute for Water
Research; K. Tollefsen, NIVA - Norwegian Institute for Water Research /
Ecotoxicology and Risk Assessment; H. Teien, Norwegian University of Life
Sciences NMBU / Centre for Environmental Radioactivity (CERAD)

Metal rich runoff as a result of deposited iron sulphide-containing bedrock after
construction E18 highway in southern Norway enters coastal water in
Kaldvellfjord. Thus, aquatic organisms were exposed to several trace metals. The
focus of this study was to characterize metal speciation and link it to the uptake
and observed adverse effects (mortality) in marine copepods Tisbe battagliai.
Thus, complex study on selected copepod was performed in order to determine: 1)
speciation of metal in seawater 2) toxicity (LC50(4sn) values) for single metal
and mixtures as well as 3) determine accumulated metal concentration in the
whole-body tissues. Among many metals found at elevated levels in
Kaldvellfjord, copper, nickel, zinc and aluminum were assumed to have a
significant contribution to cumulative risk. Toxicity test (48h) were performed for
both life stages: adults in age of 14 days and juveniles (6 days old) in fixed
conditions (20 + 2 °C, pH = 8,1+1, salinity 30%o). Determination of uptake was
performed on both: single metal exposure and mixtures in concentrations of LC1,
LCS and LC10. Quantitative and qualitative analysis of metals in both, water
samples and digested tissues were obtained using inductively coupled plasma —
mass spectrometry (ICP-MS) method. For the determination of size distribution of
selected elements in water samples, membrane filters and hollow fiber ultrafilter
were used. Among examined metals copper was determined as the most toxic with
the LC50(sn value of 0.27 pmol/L for juveniles. Mixture toxicity test resulted
with conclusion that the most toxic mixture is a combination of Cu and Zn with
LC50sh-juvenite) equal to 0,09 umol/L. Results from uptake tests show that uptake
of zinc is higher when present in each selected mixture. Although, percentage of
LMM for copper is low in seawater (5% in 6 umol/L solution) it doubles when
present in mixture with zinc. Moreover, zinc accumulation is higher when mixed
with copper, which can potentially lead to hypothesis that observed increased
mortality is a result of joint effect of these two metals. These results lead to the
conclusion, that speciation will affect the uptake and accumulation in organisms
and thus potentially influence the toxicity of the metals to aquatic organisms as
uptake is correlated to toxic effects.

3.11.6

Starvation causes changes to arsenolipid profile in Mytilus galloprovincialis:
evidence for remobilization, consumption, and depuration

F. Freitas, Aveiro University & CESAM / Biology; G. Raber, K.B. Jensen,
University of Graz / Institute of Chemistry Analytical Chemistry; K. Francesconi,
University of Graz / Analytical Chemistry; A.J. Nogueira, University of Aveiro /
department of Biology & CESAM

The present study reports the changes in arsenolipids, naturally occurring lipid
compounds that incorporate arsenic, in the Mediterranean mussel Mytilus
galloprovincialis held under starvation conditions.Content of lipids and
arsenolipids were tracked in individual mantles and digestive glands. Arsenolipid
content and speciation was determined by using a HPLC-Mass Spectrometry
coupling. Arsenolipids showed a behaviour similar to that ascribed to lipid classes
under starvation conditions, with more polar arsenolipids (carbon chain, C < 20),
decreasing, and less polar arsenolipids (C > 20) preserved.Less polar arsenolipids
were stipulated to be to remobilize to the mantle. Arsenolipids in digestive gland,
AsFA436, AsHC360 and AsHC404 had the most pronounced decreases; the long
chain fatty acids (AsFA514, AsFA528, AsFA530, AsFA542 and AsFA558) were
preserved or increased during starvation.During starvation seven arsenolipids
(AsFAS14, AsFAS542, AsFA530, AsFAS58, AsHC332, HC360 and AsPt546)
present in the mussels were identified in the mussels’ faeces suggesting that this
was a depuration route. Three arsenolipids were exclusive to faeces; their origin
was discussed.

3.11.7

SETAC Europe 30th Annual Meeting Abstract Book



Rigorous physicochemical framework for metal ion binding by
nanoparticulate humic substances: implications for speciation codes and
biovailability models

R.M. Town, Systemic Physiological and Ecotoxicological Research (SPHERE),
University of Antwerp / Department of Biology (SPHERE Research Group); H.P.
van Leeuwen, Wageningen University and Research / Physical Chemistry and
Soft Matter; J.F. Duval, CNRS / Laboratoire interdisciplinaire des environnements
continentaux LIEC CNRS UMR

Humic substances (HS) are natural soft nanoparticulate complexants which play
an important role in buffering free metal ion concentrations in aquatic ecosystems.
It is widely assumed that the equilibrium concentration of the free metal ion is the
relevant parameter for predictions of bioavailability. In this context, there is
widespread use of equilibrium speciation codes, notably NICA-Donnan
(incorporated in Visual MINTEQ) and WHAM, to compute free metal ion
concentrations, which are subsequently used in ecotoxicological risk assessment
models, e.g. BIO-MET and PNEC-PRO. The risk predicted by such
bioavailability-based models is thus dependent on the parameters used by the
speciation codes to compute the extent of metal ion binding by HS. In recent years
a rigorous generic theoretical framework has been developed to describe the
electrostatic and chemical contributions to metal ion binding by nanoparticulate
complexants. The theory describes the way in which the reactivity of charged
nanoparticles towards metal ions depends on particle size and particle type (i.e.
reactive sites distributed within the particle body or confined to the surface), as
well as the ionic strength of the aqueous medium, and the nature of the metal ion.
HS dispersed in aquatic systems generally carry a net negative charge; the particle
electric field has the potential to electrostatically impact on the chemical
speciation dynamics. For the example case of soft environmental particles such as
HS, we have delineated practical strategies for determining intraparticulate metal
ion speciation, and for evaluating intrinsic chemical binding affinities. The
heterogeneity of the chemical binding derived from our nanoparticulate treatment
of HS is in good agreement with that independently determined by
electrochemical measurements. In contrast, the outcomes of the NICA-Donnan
and WHAM models lead to heterogeneity parameters that are not supported by
independent experimental data. The presentation will discuss the findings in terms
of a physicochemical analysis of the discrepancies generated by these equilibrium
speciation codes, thereby revealing the a priori hypotheses adopted therein and the
inappropriateness of some of their key parameters. It follows that attempts to
correlate metal speciation computed by these codes to dynamic features such as
lability, bioavailability, and/or toxicity are bound to suffer from
physicochemically poor outcomes.

3.11.8

Assessing metal speciation with the technique AGNES

J. Galceran, Universitat de Lleida / Dep Quimica; E. Companys, C. David, C.
Rey-Castro, Universitat de Lleida and AGROTECNIO / Dep Quimica; J. Puy,
Universitat de Lleida and AGROTECNIO

Free metal ion concentration in a medium has been highlighted as a key factor in
its (bio)availability to organisms, for instance, in the Free Ion Activity Model
(FIAM) or the Biotic Ligand Model (BLM). Absence of Gradients and Nernstian
Equilibrium Stripping (AGNES) is an electroanalytical technique specially
designed to provide free metal concentrations (such as Zn*", Cd**, Pb**, Sn*",
etc.)'. One of AGNES’ strong points is the simplicity of interpretation of the
results, while one weak point is that its standard applications (with mercury based
electrodes) is restricted to amalgamating elements. We will review the principles,
limitations, developments and outstanding applications of AGNES including
matrices such as river, estuarine and sea waters, soil extracts, humic acids
dispersions, growth media, etc. As recent advances, we will explain how AGNES
has been able to follow the kinetics of dissolution of ZnO nanoparticles by
measuring the free zinc concentration (without any previous separation) in
artificial saliva *. The solubility of In(OH); at various pH values and other results
on indium will be presented *°. The application of AGNES to determine
[Sb(OH);] will be shown . [1] Companys et al. 2017. A review on
electrochemical methods for trace metal speciation in environmental media. Curr
Opin Electrochem 3:144-162. [2] Galceran et al. 2004. AGNES: a new
electroanalytical technique for measuring free metal ion concentration. J
Electroanal Chem 566:95-109. [3] David et al. 2019. Dissolution and phosphate-
induced transformation of ZnO nanoparticles in synthetic saliva probed by
AGNES without previous solid-liquid separation. Comparison with UF-ICP-MS.
Environ Sci Technol 53:3823-3831. [4] Rotureau et al. 2019. Towards improving
the electroanalytical speciation analysis of indium. Anal Chim Acta 1052:57-64.
[5] Tehrani et al. 2018. Free Indium concentration determined with AGNES. Sci
Total Environ 612:269-275. [6] Tehrani e al. 2019. Determination of the lability
degree of indium complexes and its application in measuring low free indium
concentration. J Electroanal Chem 847:113185. [7] Pla-Vilanova et al. 2019.
Antimony speciation in aqueous solution followed with AGNES. J Electroanal
Chem 849:113334 Acknowledgement - The authors gratefully acknowledge
support for this research from the Spanish Ministry MINECO (Project CTM2016-
78798) and from European Union Seventh Framework Programme FP7-
NMP.2012.1.3-3 [grant agreement no. 310584] (NANoREG).
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3.11.9

A newly observed metal bioaccumulation route in intertidal mussels:
cadmium uptake from mantle cavity liquid during low tide in Xenostrobus
atratus

Z. Lin, Xiamen University / Department of Environmental Science; Q. Tan,
Xiamen University - College of the Environment & Ecology / College of the
Environment Ecology

Intertidal bivalves are the most frequently used biomonitors to indicate the status
and trend of contamination in coastal waters. In intertidal zones, organisms are
alternately immersed in water and exposed in air. It is tempting to speculate that
the organisms will temporarily escape from the contaminants when they are out of
water. However, this speculation has never been explicitly examined. In this
study, we investigated cadmium (Cd) toxicokinetics in an intertidal mussel,
Xenostrobus atratus, under the effects of tidal exposure using simulated tidal
regimes. The uptake rate constant (ku) of Cd ranged from 0.045 L ¢! d”' to 0.109
L g ' d', whereas the elimination rate constant (kc) of Cd ranged from 0.029 d' to
0.091 d'. Cd bioaccumulation was slightly higher in the continuously immersed
mussels than the alternately immersed mussels, but much lower than what would
be expected if assuming bioaccumulation being proportional to immersion
duration. Cd uptake was observed even when mussels were exposed in air, due to
uptake of Cd dissolved in mantle cavity fluid and internalization of Cd adsorbed
on mussel tissues. Overall, tidal height showed limited effects on Cd
bioaccumulation, consistent with the trend of Cd concentrations found in X.
atratus collected from different tidal heights. The mantle cavity uptake
mechanism is expected to be applicable to other contaminants and bivalves, and
should have important implications in risk assessments for intertidal environment.

3.11.10

Exploring the link between cadmium stable isotope compositions and
speciation in plants: a case study in plants from the Solanum species.

M. Pons, CEREGE / Sustainable Environment; B. Collin, CNRS-CEREGE /
IBEB/SBVME/LEMIRE; P. Chaurand, T. Fehlauer, A. Guihou, Aix Marseille
University / Cerege; E. Doelsch, CIRAD / UPR Recyclage et risque; J. Rose,
CNRS / Cerege

The environmental pollution by ecotoxic heavy metals is a problem of increasing
significance for ecological and human health reasons. Among these elements,
cadmium (Cd) is of special concern due to its high mobility in the soil/plant
system and its acute toxicity. To limit Cd contamination in plants, and to enhance
food safety, it is critical to understand Cd biogeochemical cycle, in particular what
controls the bioavailability of this element. Previous studies have demonstrated
that Cd bioavailability in soils depends ultimately on its chemical speciation,
whose investigation in plants that feed the world remains extremely challenging
due to traditional X-ray spectroscopy technical limitations in low-concentrated
samples (~100 ppm). In this study, we explore the link between Cd speciation and
Cd stable isotope composition in plants from the solanum species (Solanum
nigrum and S. Melongena) to assess to what extend Cd isotopes can trace changes
of in Cd speciation in plants. S. nigrum and S. melongena were grown on clayey
loam soil incubated with Cd nitrate (4 treatments: 100, 50, 25 ppm Cd and control
experiment, 7 pots of two plants per treatment) for 14 weeks, then processed for
X-ray absorption analyses, Cd stable isotope composition and trace and major
element determination. Our XANES and EXAFS results demonstrate that Cd
behaves differently in S. nigrum and S. melongena. In both roots and leaves of S.
nigrum, results show the major role played by thiol ligands, while Cd transport
form in the shoot involves binding with carboxilic acids. Our preliminary results
suggest glutathion as a potential ligand for Cd. In S. melongena, results show a
different fate of Cd between the roots and the leaves: while Cd speciation in the
roots also involves thiol ligands, carboxylic acids likely play a major role in the
binding of Cd in S. melongena leaves. XAS results demonstrate the role of Cd
binding to different organic ligands (thiols and carboxylic acids) and changes in
Cd speciation in S. nigrum and S. melongena plants when exposed to high Cd
content. These different behaviours are very promising for the rest of our study, as
theory predicts Cd isotope fractionation between —O and —S ligands. The
upcoming results on Cd stable isotope compositions of these samples will help
shed light upon the mechanisms that shape the fate of Cd in S. nigrum and
melongena and assess the potential of Cd isotopes as tracers of cadmium
speciation changes in solanum plant species.

3.11.11

Elucidation of chemical factors driving ecotoxicity of Flanders' freshwater
and brackish sediments

t. nolte, Radboud University Nijmegen

Sediment quality is crucial to aquatic ecosystem health: ‘Legacy’ pollutants reside
in sediments and exert adverse effects on aquatic organisms.To assess these
effects, bioassays evaluate toxic effects on organisms. Assays are only
implementable in environmental risk assessment, if results are interpretable and
can be (cor)related to test conditions/parameters. However, relations between
sediment properties and bioassays are scarce and predictions based thereon remain
elusive. We aimed to explain the outcomes of bioassays by investigating the
relationships with concentrations of chemicals in sediment. For sediment
concentrations from the Flemish Environment Agency, we applied recent and
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applicable information on speciation and bioavailability (as function of e.g.
organic material, clay, redox and pH). We considered bioassays on H. azteca
(detritivore), R. subcapitata (microalga), T. platyurus (crustacean) and H.
incongruens (ostracod) and EC50/LC50 values from the RIVM/USEPA
databases. Aquatic risk is dominated by heavy metals and ammoniacal nitrogen,
whose effects can be accurately predicted by accounting for a suite of sediment
characteristics. Pollution and biophysicochemical sediment characteristics vary
geographically in Flanders. Highest concentrations were for
nitrogen/phosphorous, followed by heavy metals. The Scheldt (esp. the upper
Scheldt) contained much organics and metals; the Yser phosphorous/nitrogen. H.
azteca was the most sensitive organism. 8 heavy metals and NH4"/NH3 in the
Scheldt, Yser, Albertcanal and moats explain 50-60% of the variance in the
observed H. azteca mortality. Nitrogen and organotins appear to affect H.
incongruens germination. 30-40% of toxicity is of undetermined cause;
outliers/extreme values may relate to testing conditions/set-ups, species
variabilities, incoherently documented exotic pollutants (e.g. Co, Sn,
organochlorides) and additional biophysicochemical properties.

Micro(nano)plastics Occurrence, Fate and Effects:
Mechanistic Approaches to Study Risks to Environmental
and Human Health

3.12.1

Microplastic occurrence in urban sewage systems: Identification of sources
for pathways into the environment

K. Altmann, BAM- Federal Institute Materials Research and Testing; C. Bannick,
Umweltbundesamt; C. Scheid, A. Abusafia, H. Steinmetz, U. Dittmer, TU
Kaiserslautern; A. Mueller, Bundesanstalt fiir Materialforschung und -priifung /
5.3 Mechanics of Polymers

All over the world, microplastic (MP) particles (particle size: 1 - 1.000 pm) are
found in water, soil, air, biota and even food products. But plenty of these
discussed findings are based on a very low number of real datasets, which are
extrapolated to general projections. Furthermore, most data are not comparable
because the strategies for sampling, sample preparation and detection methods are
not harmonised/ or standardised. This would require extensive proficiancy tests.
Because of the ubiquity presence and the unclear risks, which might arise from
those particles, various political and environmental organisations (i.e. OECD,
UNEP, WHO) identify the reduction of plastic entry in the environment as a key
challenge for now and the future. This challenge includes the identification of
relevant entry pathways but also the demand of harmonised, meaningful and
reliable analytical procedures. Regarding this task within the last few years, a fast
practical solution for MP analysis has been developed, which includes the steps of
representative sampling, adequate sample preparation and fast detection. Sampling
is done by fractional filtration over sieves with mesh sizes of 500, 100, 50 and 5
pm [1]. The received samples are measured by ThermoExtraction/Desorption-Gas
Chromatography-Mass Spectrometry (TED-GC-MS) [1,2]. for the most abundant
polymers used in practice, which are polyethylene (PE), polypropylene (PP),
polystyrene (PS), polyethylene terephthalate (PET), polyamide (PA) and acrylate
as well as styrene-butadiene-rubber (SBR), a main component of tires. The present
presentation will give first-time insight in a comprehensive dataset of microplastic
analysis for an exemplary urban sewage system. MP mass contents of different
waters at several days, such as greywater, stormwater retention tank, influent and
effluent of a wastewater treatment plant (WWTP) within an urban sewage system
in Germany are determined. Furthermore, the mass of the polymers found in dry
weather and rain weather flow are compared. The use of these large datasets
allows first expressive conclusions regarding the contribution of urban sewage
system to the MP entry sources in the environments. We found PP and PS in all
different waters. Furthermore, there is SBR in influent and also in effluent of the
WWTP. Surprisingly, we could also detect hugh amounts of PE in the effluent of
the WWTP. [1] Bannick C.G., Szewzyk R., Ricking M., Schniegler S.,
Obermaier N., Barthel A.K., Altmann K., Eisentraut P, Braun U. 2019.
Development and testing of a fractionated filtration for sampling of microplastics
in water. Water research. 149:650-658 [2] Duemichen E., 2019.
Automated thermal extraction-desorption gas chromatography mass spectrometry:
A multifunctional tool for comprehensive characterization of polymers and their
degradation products. J. Chrom. A. 1592:133-142 [3] Eisentraut P., Diimichen E.,
Ruhl A. S., Jekel M., Albrecht M., Gehde M., Braun U. 2018. Two Birds with
One Stone-Fast and Simultaneous Analysis of Microplastics: Microplastic
Derived from Thermoplastics and Tire Wear. Environ. Sci. Technol. Lett. 5:608-
613

3.12.2

Occurrence and fate of microplastics in fat, grease, and sludge feeding to the
anaerobic sludge digester

R. Chand, Aalborg University / Civil Engineering; L.A. Rasmussen, Aalborg
University / Department of Civil Engineering; S. Tumlin, Gryaab AB; J.
Vollertsen, Aalborg University / Department of Civil Engineering

Wastewater treatment plants (WWTPs) reduce the amount of pollutants
discharged from urban wastewaters to the aquatic system and have repeatedly
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been studied with respect to microplastics (MP). However, the occurrence and fate
of MPs in the internal process streams of WWTPs have not been studied to the
same level. The present study investigates MPs in grease and sludge (before and
after digestion) from Ryaverket WWTP, Gothenburg, Sweden. In addition, MP
was analyzed in fatty slurries from restaurants, a bakery, a butter factory, and an
ice-cream factory (termed external organic materials, EOM), which is fed into the
anaerobic digester of the WWTP. The laboratory sample preparation varied as per
the sample’s nature. The excessive water from grease and sludge was removed for
concentrating the particles and making a homogenous sample. About 2.5 g of
grease, 400 mL of EOM, and 5 g of sludge (dry weight) were analyzed per
sample. Different enzymatic treatment and oxidation steps were performed to
remove cellulose, protein, and other organic materials. Floatation was applied for
removing the inorganic particles. The extracted particles were analyzed by FTIR,
namely pFTIR imaging (Agilent Cary 620/670 FTIR, FPA size 128X128,
transmission mode) for MPs of 10-500 pm and ATR-FTIR (Agilent Cary 630
FTIR Spectrometer, diamond ATR) for MPs of 500-5000 um. Furthermore,
siMPle and OMNIC softwares were used to identify and quantify MPs. In total, 14
types of polymers were identified: Polyethylene (PE), Polypropylene (PP),
Polyester (PEst), Polyamide (PA), Polystyrene (PS), Polyurethane (PU),
Polyvinylchloride(PVC), Acrylic, Cellulose acetate, Acrylonitrile Butadiene
Styrene(abs), Poly-vinyl acetate (PVAc), Polyamide acrylic fiber, Alkyd, and
Aramid. The prevailing polymers were found to be Polyethylene, Polyester and
Polypropylene, comprising 40%, 28%, and 9% of all identified MPs, respectively.
The highest MP concentrations by particle number was found in digested sludge
as 6.2x10° particle/kg and the lowest concentration was found in EOM as
2.47x10° particle/kg. Further, MPs in grease were larger than in the other
matrices, which increased the mass concentration to 3.5 g/kg. A substantial
amount of MP was also found in the other matrices, such as 0.308 g/kg, 0.183
g/kg, and 0.05 g/kg for digested sludge, pre-digested sludge and EOM,
respectively. Keywords: Wastewater treatment plants, Microplastics, Grease,
Anaerobic sludge digester

3.12.3

Spatial distribution of microplastic in surface water, sediment and biota
along a river

A.S. Winkler, State University of Milano / Department for Environmental Science
and Policy; M. Parolini, University of Milan / Department of Environmental
Science and Policy; D. Antonioli, M. Laus, University of Piemonte Orientale /
DiSIT; P. Tremolada, University of Milan / Department of Environmental Science
and Policy

The interest in studying microplastics (MPs) in freshwater is continuously
increasing. Still, one of the unknowns to date is the spacious variation of MP
transport. Moreover, further field studies with freshwater organisms need to be
performed. Here, we investigate the spatial distribution of MP in water surface (60
um mesh size Neuston trawl), subtidal sediment, fish (GI of catfish, Silurus
glanis), and macroinvertebrates (Hydropsychidae) along the length of the Ticino
river in the North of Italy (six sites of an 80 km transect). In this study we aim to
provide additional insight in (1) microplastic transport along a river and (2)
sampling and extraction techniques for freshwater ecosystems. Environmental
samples from different matrices require specific solutions and conditions to
chemically digest organic material. Preliminary tests on MP extraction were
already performed; the applied digestion protocol includes 30% hydrogen
peroxide with iron catalyst (H202 + Fe) which is more appropriate for plant
material and 10% potassium hydroxide (KOH) for animal tissues. Samples were
digested for 1h at 50°C before sodium chloride solution (NaCl) was added for
density separation (repeated once) and the solution filtered. For the planned
analysis, particles on the filter will be visually identified with a stereo microscope
and transferred onto silver membrane for the chemical analysis for polymer
identification by Fourier transform infrared spectroscopy. Procedural blank will be
included to assess sample contamination in the laboratory. Analysis will be
completed in winter and results presented at the conference. Positive control
samples of grinded, amorphous PS particles of different size categories were used
to evaluate efficiency of the entire MP extraction techniques. Results from
preliminary tests confirmed the presence of MP in surface water, sediment and
fish GI content. The chosen solutions digested animal tissue, plants, plankton and
other organic material in the samples sufficiently. The mass recovery of PS
particles was 98.2% + 0.96 (SD) for extraction using H202+Fe and 97.1% + 2.4
for extraction using KOH. A first quantification of MP in water sample from the
North of the Ticino revealed 5.6 MPs/m3. The concentrations are expected to
increase with the length of the river towards the Po estuary. This study will
provide insight into the extent of microplastic pollution in the Ticino river and
give indications about major input sources based on the analysis of complex
matrix samples from different sites. The use of positive control, which is highly
recommended for an adequate assessment in high-quality research, verified a high
mass recovery of MPs (PS). The extraction of further grinded, amorphous polymer
types will be tested and the results presented at the conference. Moreover, the
simultaneous analysis of water, sediment and biota samples along the sites of the
river, could give an indication weather MP ingested by benthic invertebrates and
fish reflect the environmental contamination.
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3.124

Distribution of microplastics in abiotic and biotic compartments of Arcachon
Bay during spring and summer.

C. Lefebvre, Environnements et Paléoenvironnements Océaniques et
Continentaux; F. Le Bihanic, EPOC / Bat B eme etage; J. Latrille, M. Tanfin, L.
Chassaigne--Viscaino, University Bordeaux UMR CNRS EPOC; C. Clérandeau,
University of Bordeaux / EPOC UMR; S. Villette, UMR CNRS CBMN; B.
Morin, University of Bordeaux / EPOC; S. Lecomte, UMR CNRS CBMN; J.
Cachot, Université Bordeaux / EPOC

p margin-bottom: 0.21cm; direction: ltr; color: rgb(0, 0, 0); text-align: justify;
p-western font-family: "Arial", sans-serif; font-size: 10pt; p.cjk font-family:
"Times New Roman", serif; font-size: 10pt; p.ctl font-family: "Arial", sans-serif;
font-size: 12pt; a:link color: rgb(0, 0, 255); Microplastics (MP) are ubiquitous in
marine environments as they can be found from sea surface to hadal zone. It even
enter trophic chain at different level due to there size inferior to Smm. They are
now considered as an emerging contaminant that erode water quality and damaged
marine life. However, MP concentrations at meso-scale are not often reported for
several compartment simultaneously. Considering distribution for different sea
level could help understanding microplastic flux in a target area. Here, we display
the distribution of microplastics in Arcachon Bay, a semi-enclosed lagoon located
on the French Atlantic coast. Three abiotic compartments (surface, water column
and sediment) and four species, the Pacific oysters (Magallena gigas), common
seabass (Dicentrachus labrax), common sole (Solea solea) and spider-crab (Maja
brachydactyla) were studied. Preliminary results were based on visual sorting
under microscope of MP-like particles. At sea surface, concentrations range
between 0.11 £ 0.03 and 0.01 + 0.01 particle.m™ while they reached 275.42 +
43.41 particles.m™ in the water column. Concentrations were 2 500 to 10 000
higher in the water column than from sea surface. The dominant particle shape at
surface water was overall fragment while it was fibres in the water column. In
sediment, the highest concentration reached 59.75 + 73.87 particle.Kg™ by dry
weight and the lowest concentration was 22.75 + 8.62 particle. Kg'. They were
mainly fibres as they represent at least 91% of the recorded particle. At the two
stations studied, wild oysters ingested 0.06 + 0.09 and 0.37 £ 0.38 particle.gram™!
(fresh weight) that were characterised as fibre at respectively 70% and 92%. Our
preliminary results show that every compartments were contaminated by MP-like
particles but this will be examinate more accurately by Attenuated Total
Reflectance Fourier Transformation Infrared Spectroscopy (ATR-FTIR) analysis.
These data provide an overview of the contamination in Arcachon Bay and about
its distribution among biotic and abiotic compartments. Combined with
modelisation study, this will help in understanding MP sources and flux in a
meso-tidal lagoon.

3.125

DETECTION AND QUANTIFICATION OF NANOPLASTIC IN
NATURAL SAMPLES BY MULTI-SCALE CHARACTERIZATION

A. ter halle, CNRS / Chemistry; A. carvalho, CNRS; N. Yakovenko, CNRS /
Chemistry; L. Rowenczyk, IMRCP CNRS; A. Dazzi, a. deniset, Université Paris
Sud; d. goudouneche, CMEAB; P. WONG-WAH-CHUNG, Université Aix
Marseille / Laboratoire de Chimie de Environnement; O. Boyron, Universit¢ Lyon
1; p. fabre, m. george, Université de Montpellier; a. mingotaud, IMRCP/CNRS
Plastic pollution becomes increasingly documented and recent studies have
revealed the large extent of this problem worldwide. A serious concern about
plastic pollution is the occurrence of micro- and nano-metric plastic particles
(MNP). But there are still scarce studies characterizing plastic pollution at this
scale. This is explained by technical challenges we have to overcome like the
concentration and isolation of MNP in order to provide their physico-chemical
characterization and to develop quantification methods. Although degradation of
polymers has been studied for a long time under laboratory conditions, the
weathering conditions occurring in a complex environment (like in oceans or
rivers) conduct to a combination of complex mechanisms. The mechanisms
conducting to the formation of MNP are not clearly described2. The chemical
nature of nanoplastics is not elucidate. For example we do not know how the
macromolecule is organized in a nanoplastic. Finally nanoplastic have to be
apprehended with their eco-corona that is to say with the natural organic matter
and the ions it is interacting strongly with. In this presentation we will present the
physico-chemical characterization of environmental samples (marine and river
samples). We are developing a quantification method for nanoplastic by pyrolysis
coupled to gas chromatography and tandem mass spectrometry (Py-GC-
MS/MS)3. In addition, to better understand the structure of nanoplastic, we will
present the microstructure characterization of marine plastic mesoplastic. Cross-
sections of these materials were analyzed by several emergent mapping
techniques. These characterizations highlight the deep modifications of the
weathered materials within a layer a few hundred microns thick. The most intense
modifications are macromolecule oxidation and a considerable decrease in the
molecular weight. Fragmentation of the oxidized layer of the plastic debris is the
most likely source of nanoplastics. The present work demonstrates that
nanoplastics are composed of highly oxidized macromolecule chains that are
significantly shortened in length. 1. Gigault, J.; Pedrono, B.; Maxit, B.; Ter Halle,
A. Marine plastic litter: the unanalyzed nano-fraction. Environ. Sci-Nano 2016, 3
(2), 346-350. 2. ter Halle, A.; Ladirat, L.; Martignac, M.; Mingotaud, A. F.;
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Boyron, O.; Perez, E. To what extent are microplastics from the open ocean
weathered? Environ Pollut 2017, 227, 167-174. 3. ter Halle, A.; Jeanneau, L.;
Martignac, M.; Jarde, E.; Pedrono, B.; Brach, L.; Gigault, J. Nanoplastic in the
North Atlantic Subtropical Gyre. Environ. Sci. Technol. 2017, 51 (23), 13689-
13697.

3.12.7

Poster spotlight: Distribution of microplastics in Surface waters of ponds and
channels in two South Ryadh and Al-Jubail (Saudi Arabia)

Y. Pico, University of Valencia / Environmental Quality and Soil

3.129

Virgin and oxo-degradable plastic leachates effects in freshwater
environment

s. schiavo, M. Oliviero, S. Chiavarini, ENEA CR; S. Manzo, ENEA CR / SSPT-
PROTER-BES

Currently many discussions upon the environmental impact of oxo-degradable
plastic leachates take place, however it has not been conclusively proven that there
are no negative effects. The study on plastic polymers toxicity generally include
the exposure of test organisms to virgin plastic pellets, supposed to be free from
any additives and/or residual monomers. In this line, this study is aimed at
studying the acute and chronic adverse effects of leachates, coming from virgin
and oxo-degradable plastic polymers (PE, PP and PS), on test organisms
belonging to several species and pertaining to different trophic levels: the bacteria
Vibrio fischeri (acute toxicity), the plants Sorghum saccharatum, Lepidium
sativum, and Sinapis alba (sub-chronic toxicity) the crustacea Daphnia magna
(acute and chronic toxicity). To identify the possible ecotoxicological risk for
freshwater biota the toxicity test battery integrated index (TBI) is used. Chemical
analyses show the presence of metals in the range of ng/L (100% leachate) and of
organic molecule for oxo-degradable polymers in the order of mg/L (for the major
ones). It is possible to identify only 2,6-Diisopropylphenyl isocyanate and 2,6-
Diisoproylaniline. Regarding toxicity assessment for virgin polymers, Daphnia
magna shows the highest susceptibility in the chronic exposure tests (around 50 %
of effect) while V. fischeri (around 25 % of effect) in the acute ones. No relevant
toxic effects are observed on S. saccharatum, L. sativum and S. alba seeds. TBI
allows to rank the toxicity risk associated to virgin polymers as follows:
PP>PS>PE. In case of oxo-degradable polymer leachates D. magna survival is
mainly affected by PS and PP leachates (72% and 61% effect, respectively) while
PS notably reduce the reproduction rate. On plants, only PP exerts a negative
effect (S. saccharatum 1G% 32.4), while V. fischeri always shows values around
50%. The data integration, by TBI approach, allows to rank the oxo-degradable
polymer leachates toxicity as follows: PE>PS>PP. This result could be mainly
ascribable to the highest metals content in PE since no difference with organic
compounds analysis is evidenced. The introduction of the oxo-degradable additive
in the polymer seemed to increase the level of ecotoxicological risk of polymer
leachates itself, suggesting that toxicity was ascribable to both additive occurrence
and to enhancement of polymer (treated to be degradable) leachability.

3.12.11

Tackling the detection issues of effects caused by nanoparticles enable to
build Adverse Outcome Pathways

M.G. Vijver, CML Leiden University / Environmental Biology; W. Peijnenburg,
RIVM / Center for Safety of Substances and Products; N.R. Brun, CML Leiden
University / Institute for Environmental Sciences; F.A. Monikh, CML Leiden
University

Engineered nanoparticles (ENPs) may end up in the environment. A growing body
of evidence shows that some ENPs are taken up by organisms, distributed in their
bodies, and consequently accumulated in various tissues and hence lead to effects.
Currently there are quite limitations in characterizing and quantifying ENPs in
biological media. Some techniques have recently been introduced and used to
characterize and quantify ENPs. Most of these techniques are limited when
applied to ENPs in biological media due to the complex and polydisperse matrices
encountered there. I will present a generic multistep method for extraction of
polymer-based ENPs from biological matrices. As well as present ecotoxicity tests
results with zebrafish and how these studies thereby began to unravel a currently
overlooked set of interlinked events in fish triggered by exposure. For the
polymer-based ENPs, asymmetrical flow field-flow fractionation (AF4) was used
where the retention and separation are caused by an external field (so-called
crossflow). The theory behind AF4 and the mechanisms of functioning have been
well described in the literature. AF4 can be used for the analysis of ENPs in liquid
matrices, and we prove that this technique is a powerful tool to achieve
information about the size distribution of NPs in complex matrices. Bioassays
were performed according to stardardized FET tests, zebrafish embryo tests. The
exposure concentrations used were derived from an initial dose-response analysis
representing a no-effect concentration for mortality. Different ecophysiological
endpoints were determined, such as glucose, cortisol levels as well as immuno-
responses. Behavioral analysis was chosen as an apical more sensitive toxicity
endpoint. The behavioral analysis was performed by subjecting the embryos to the
light—dark challenge test. In conclusion, we illustrate that metal-based
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nanoparticles induce immune-responses. And that polystyrene nanoparticle disrupt
glucose homoeostasis with concurrent activation of the stress response system,
eventually disrupting the swimming behavior.

3.12.12

Poster spotlight: Assessment of the Effects of Chronic Exposure of
Polystyrene Micro- and Nanoplastics to Daphnia magna

O. Pikuda, McGill University / Chemical Engineering

3.12.13

Poster spotlight: Impact of PMMA nanoplastics in the microalgae
Rhodomonas baltica: effects of surface functionalization

T. Gomes, Norwegian Institute for Water Research (NIVA) / Section of
Ecotoxicology and Risk Assessment

3.12.14

No Trojan Horse In Sight: Wastewater Treatment Reduces
Multigenerational Effects Of Polystyrene Microplastics On Daphnia magna
C. Schuer, C. Weil, Goethe University Frankfurt / Dpt. Aquatic Ecotoxicology;
M. Wagner, Norwegian University of Science and Technology / Bioanalytical
Toxicology Group

The Trojan horse or vector hypothesis poses that microplastics can accumulate
chemicals from the aquatic environment that are then released during the gut
passage of organisms potentially increasing the toxic load. While wastewater
treatment plants (WWTP) remove the majority of microplastics during the
treatment process, the sheer volume of released effluent makes them a significant
point source of microplastics in the aquatic environment. Currently, most studies
address the Trojan horse hypothesis by combining of single substances and
microplastics. In contrast, we simulated the passage of microplastics through a
WWTP and compared the toxicity of those loaded particles in Daphnia magna to
virgin particles. Irregular polystyrene microplastics were incubated in sterile
filtrated raw wastewater and subsequently separated from the water through
filtration and lyophilization. We exposed Daphnia magna in a multigenerational
study in four consecutive reproduction experiments under food-limited conditions
and investigated the effects of microplastics on mortality, growth, reproduction,
and neonate size. While food limitation had no adverse effect itself, mortality
generally increased over the generations in groups exposed to microplastics.
Reproduction decrease as a function of particle concentration and over time.
Effects were more distinct for the particles only incubated in ultrapure water as
compared to those incubated in wastewater. Overall, our experiment does not
support the hypothesis that the chemicals associated with wastewater increase the
toxicity of polystyrene microplastics in a multigenerational setting.

3.12.16

The role of microplastics on the bioaccumulation, biotransformation and
toxicity of the antibiotic clarithromycin on river biofilms

L.H. Santos, Catalan Institute for Water Research (ICRA); F. Romero, Catalan
Institute for Water Research (ICRA) / Resources and Ecosystems; J. Castaflo-
Ortiz, Catalan Institute for Water Research (ICRA) / Water Quality Area; J.
Lopez-Doval, ICRA Catalan Institute for Water Research; D. Barcelo, S.
Rodriguez-Mozaz, Catalan Institute for Water Research (ICRA) / Water Quality
Due to their ubiquity and potential to adsorb chemical contaminants,
microplastics (MPs) have been recognized as a potential threat for non-target
organisms and ecosystems, representing a growing environmental concern.
Although MPs act as vector of other pollutants, there is still a gap of knowledge
on the role that MPs play on this interaction and how this could be reflected in
what concern to toxic effects, bioaccumulation and biotransformation of emerging
contaminants as well as changes in the metabolism of non-target organisms.In this
work, mesocosm experiments were used to better understand the interactive
effects of polyethylene MPs on the toxicity, bioaccumulation and
biotransformation of the antibiotic clarithromycin in river biofilms. River biofilms
are a complex aquatic community, mainly formed by bacteria, algae and fungi,
embedded in a mucopolysaccharide matrix. Due to their characteristics, river
biofilms have been used as indicators of the water quality of aquatic ecosystems,
appearing as a good model to evaluate the impact of organic contaminants. Short-
term exposure experiments (72h) were performed with river biofilms that were
exposed to 50 ug/L of clarithromycin and 1.0 mg/L of polyethylene MPs
following single and combined scenarios. Although polyethylene MPs per se did
not seem to impact river biofilms, results will be presented showing that the co-
exposure with other emerging contaminants like the antibiotic clarithromycin
could impact its toxic effects, bioaccumulation and biotransformation. Changes in
river biofilms metabolism are also expected. Acknowledgments Work funded by
the Spanish State Research Agency of the Spanish Ministry of Science, Innovation
and Universities and European Fund for Regional Development (project PLAS-
MED; FEDER-MCIU-AEI/CTM2017-89701-C3-2-R). Authors acknowledge
Generalitat de Catalunya through Consolidated Research Group (ICRA-ENV
2017 SGR 1124 & 2017 SGR 1404). Lucia H.M.L.M. Santos acknowledges the
Juan de la Cierva program (IJCI-2017-32747) and Sara Rodriguez-Mozaz
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acknowledges the Ramon y Cajal program (RYC-2014-16707) from the Spanish
State Research Agency of the Spanish Ministry of Science, Innovation and
Universities (AEI- MCIU). José M. Castafio-Ortiz acknowledges the predoctoral
grant from the Agency for Management of University and Research Grants
(AGAUR) (2019 F1_B 00881REF).

3.12.17

Poster spotlight: Intracellular fate and toxicity of nano and microplastics and
associated benzo(a)pyrene in mussel hemocytes in vitro

M.P. Cajaraville, University of the Basque Country / CBET Research Group,
Dept. Zoology and Animal Cell Biology Faculty of Science and Technology and
Research Centre for Experimental Marine Biology and Biotechnology PIE

3.12.18

Asymmetrical-flow field flow fractionation approach for the separation and
characterization of nanoplastics in complex matrices

J. Parot, National Institut of Standards and Technology / Material Measurement
Laboratory; A. Valsesia, European Commission DG Joint Research Centre /
Directorate F Health, Consumers and Reference Materials; J. Ponti, P. Colpo, D.
Gilliland, European Commission, Joint Research Centre / Directorate F Health,
Consumers and Reference Materials; V. Hackley, National Institute of Standards
and Technology (NIST)

Currently the global plastic production represents 359 million metric tons in 2018
[1] and the part entering the world’s oceans yielded 4.8-12.7 million metric tons of
plastic in 2010 [2]. These anthropic micro- and nano-particles are now considered
as a new emerging risk with potential damaging effects on the trophic chain
(human food chain as a result of their transfer to fish and other sea food) [3]. In
contrast to microplastics, there are currently no robust analytical and standardized
methods for detection, separation and characterization of nanoplastics in complex
media such as environmental samples. In principle, some analytical techniques
used for nanoparticles (NPs) should be applicable for the separation and detection
of nanoplastics. Electron microscopy is widely used in polymer science and has
been used over the years to characterize several types of nano-sized plastic
structures and particles. In this work, asymmetrical-flow field flow fractionation
(AF4) coupled with light scattering-based techniques will be described in a novel
approach to clean, separate and characterize nanoplastics from environmental
samples. As a proof of concept, a AF4 approach has been applied to the detection
of nanoplastics in the digested tissues of an Ascidian animal, Ciona Robusta
before and after exposition to “artificial” polystyrene beads. The sample
preparation prior to AF4 measurement is based on the digestion of the complex
matrix sample (biological sample) to obtain a consistency (viscosity and density)
that enables the analysis. The tested biological matrix, Ciona Robusta, was
exposed to polystyrene beads of 100 nm and 200 nm (Polysciences) in natural
conditions, with environmentally relevant concentration of the particles and some
Ciona Robusta, called control, were not exposed to the polystyrene beads to track
the potential accumulation of nanoplastics from the sea water. The application of
the AF4 method to the digested and cleaned biological matrix after exposure to
polystyrene beads showed multiple populations (peaks) with sizes ranging from
1nm to about 400nm (Figure 1). The measurement by online MALS and DLS
permitted to follow the exposed polystyrene beads and many other particles. The
analysis of the control Ciona Robusta highlighted the presence of nanoplastics
even before exposure, with a major population around (60-80) nm (Figure 1).The
fractionation of each population has been conducted and the fractions were
analysed by orthogonal techniques such as scanning electron microscopy (SEM)
or confocal microraman. The comparison between the SEM images before and
after AF4 showed cleaner particles with a lower impact of the corona and other
free organic compounds in the biological matrix. The method developped here
shows great potential for the detection, separation and characterization of
nanoplastics in a complex matrix and it highligths the importance of the
combination of different analytical techniques to track and fully characterize
nanoplastic contaminations. One of the major results here is the detection of
nanoplastics in an environmental matrix in the non-exposed CionaRobusta
samples.

3.12.19

Conventional drinking water treatment processes and nanoplastic particle
removal

G. Pulido-Reyes, Eawag / Process Engineering; D.M. Mitrano, R. Kaegi, Eawag -
Swiss federal Institute of Aquatic Science and Technology / Process Engineering;
U. von Gunten, Ecole Polytechnique Fédérale de Lausanne / School of
Architecture, Civil, and Environmental Engineering

Microplastics have recently been detected in both potable water sources and
bottled water, leading researchers to question the efficacy of current water
treatment practices. While the magnitude of particulate plastic concentrations and
compositions varied by water source and location, it is hypothesized that all
waterways will continue to experience an influx of particulate plastic (including
down to the nanometer scale) as degradation of larger plastic items continues.
Ozonation and sand and activated carbon filtration are key treatment steps in
drinking water treatment plants, yet studies addressing the impact of these
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treatment steps on the retention of nanoplastic particles from finished drinking
water are still lacking. Here, we evaluated the impact of ozone treatment on the
physicochemical properties of two nanoplastic particles and the effectiveness of
sand and activated carbon filtration for particle removal. For the first set of
experiments, nanoplastic particles were assessed in terms of (change in)
morphology, surface charge and particle aggregation state. The nanoplastic was
reacted with ozone (0.5, 1 and 5 mg/L) in Lake Zurich water, which is used as the
main source for drinking water production in the city of Zurich. Our results
suggest that the hydrodynamic diameters of the nanoplastic particles remains
unaffected by the ozone treatment. However, the surface charge of the particles
significantly decreased with exposure to increasing ozone doses. Electron
microscopy images recorded on pristine and ozone reacted nanoplastics revealed
neither morphological changes or surface alterations. For filtration experiments,
the movement of nanoplastic through packed columns was assessed by using
nanoplastic particles developed in-house with an inorganic tracer (Pd) measured
by ICP-MS. Factors which were suspected to influence removal, such as flow rate,
grain size and particle roughness were also investigated. Experiments are still
ongoing in column tests. Due to their small sizes, nanoplastic particles may pass
through the filtration systems designed for drinking water treatments plants,
therefore, the results of this work will help to assess the nanoplastic removal
efficiency of conventional water treatment processes.

3.12.21

Plastic debris and PAHs: concerns in the southern retention basin of the
Cheviré Bridge (Nantes, France)

S. Mounianman, Universite de Nantes/MMS; L. Poirier, Univeristé de Nantes /
Mer Molécules Santé MMS; F. Lagarde, Le Mans University / Institute of
Materials and Molecules of Le Mans IMMM UMR CNRS; N.N. Phuong,
Universite de Nantes/MMS; L. Martinet, B. Béchet, IFSTTAR/LEE; A. Zalouk-
Vergnoux, Univeristé de Nantes / MMS

Retention and infiltration basins receive runoff waters from urban areas to protect
from flooding, recharge of aquifers and improve downstream water quality. They
are able to accumulate macro-debris and various pollutants. The waters and
sediments of retention basin may have relatively high levels of microplastics and
organic pollutants, including Polycyclic Aromatic Hydrocarbons (PAHs). The
study site is the retention and infiltration basin of runoff waters from the southern
part of the Cheviré Bridge, which is the main bridge in Nantes crossing the Loire
River. This bridge constitutes a part of the ring road around Nantes and supports
an average daily traffic of 90,000 vehicles. The retention basin represents an area
of approximately 800 m2. A sampling campaign was carried out in February
2018. Since plastic debris are able to sorb organic compounds, PAH measures
were carried out on plastic macro-debris collected around or inside the retention
basin as well as in the sediments of the basin. PAHs in sediments were analysed
by high performance liquid chromatography coupled to a fluorescence detector
after lyophilisation, sieving and extraction with Accelerated Solvent Extraction
(ASE). The same method was used to analyse PAHs extracted from plastic macro-
debris. Moreover, the levels of microplastics were also determined. They were
extracted from the sediments after drying, sieving, centrifugation, filtration and
observation of filters using a microscope coupled to an infrared
spectrophotometer. The total PAH concentration of the sediments varied
significantly depending on the sampling point in the basin. Some concentrations
were up to 1200 ng/g dry sediment, proof that the basin could be considered as
polluted in PAHs. The results of the PAHs extracted from the plastic debris
underlined a strong influence of the type of polymer. The highest PAH levels were
observed for PE, with the same order of magnitude than in sediments. The
sorption capability of PET was more limited compared to PE and much lower than
in sediments. This study therefore showed that plastic debris could act as PAH
wells, after sorption to their surface, depending on the polymer type. Even if the
specific surfaces of microplastics are higher than those of macro-debris, taking
into account their relatively small concentrations in the retention basin sediments,
they did not represent an important exposure way for organisms compared to the
sediments in this kind of ecosystems.

3.12.22

Fate of microplastics in the marine environment

C. AlChahir Bel Hajjar, CIRAIG - Ecole Polytechnique de Montréal / Chemical
Engineering; A. Boulay, CIRAIG - Ecole Polytechnique de Montréal / Chemical
engineering department; C. Bulle, Université du Québec a Montréal / CIRAIG,
Ecole des Sciences de la gestion; R. Samson, Ecole Polytechnique de Montreal /
Department of Chemical Engineering

Fate of microplastics in the marine environment Carla AlChahir Bel Hajjar',
Cécile Bulle?, Rejean Samson', and Anne-Marie Boulay' ' Chemical Engineering
Department, Polytechnique Montréal, P.O. Box 6079, Montreal, QC H3C 3A7,
Canada 2 ESG UQAM, Strategy, Corporate & Social Responsibility Department,
CIRAIG, Montreal, QC H3C 3P8, Canada E-mail contact: carla.alchahir-bel-
hajjar@polymtl.ca Keywords: microplastics, fate, marine environment, life cycle
impact assessment Microplastics have been largely produced throughout the years
because of their beneficial properties on the industrial and the usage scale.
However, they are considered toxic affecting the human health, ecosystem, and
the ocean. The mismanagement of these microplastics is leading to their
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accumulation in the marine environment. Life cycle assessment (LCA), used to
assess the potential environmental impacts within the different life cycle stages of
a product or service, does not consider microplastics as pollutants but rather as
mismanaged wastes. Thus, it is important to integrate them. This project is part of
a new working group named MARILCA (MARine impacts in LCA) under the UN
Environment Life Cycle Assessment and FSLCI (Forum for Sustainability
through Life Cycle Innovation). It aims to build a new framework to assess the
fate of the microplastics in the marine environment. It is built on the multimedia
modelling approach commonly used in toxic impact assessment in LCIA and in
compliance with the USEtox framework. Within it, sub-compartments in the
marine environment have been created to and from which the microplastics are
emitted and transferred. This is important because of the difference in the main
environmental mechanisms that affect the fate of these microplastics in each
compartment. The mechanisms identified are the transport mechanisms
(floatation, suspension, advection, and sedimentation), the mechanisms of
formation (degradation of macroplastics), and the mechanisms of removal
(degradation/fragmentation into nanoplastics). Different factors influencing the
interaction between the compartments and the transport of the microplastics
within them are also identified, which are the physical properties of microplastics,
winds, waves, vertical mixing, and surface currents. The next step will be the
development of algorithms for the quantification of each environmental
mechanism and thus, the quantification of the environmental fate of the
microplastics in the marine environment.

3.12.23

Poster spotlight: Biological fragmentation of microplastics by the freshwater
amphipod Gammarus duebeni

A. Mateos Cardenas, University College Cork / School of Biological, Earth and
Environmental Sciences

New Approaches to Characterising the Global Chemical
Exposome

3.13.1

A First Comprehensive Analysis of National/Regional Chemical Inventories
Z. Wang, Swiss Federal institute of Technology / Institute of Environmental
Engineering; G. Walker, Australian Government / Department of the Environment
and Energy; D.C. Muir, Environment and Climate Change Canada / Aquatic
Contaminants Research Division; K. Nagatani Yoshida, UNEP / Asia and the
Pacific Office

Chemicals, while bringing benefits to society, may be released during their
lifecycles and possibly cause harm to humans and ecosystems. Chemical pollution
has been recognized as one of the planetary boundaries within which humanity
can safely operate, but has not been comprehensively understood yet. In this
study, 22 chemical inventories from 19 countries and regions are analyzed to
achieve a first comprehensive overview of chemicals on the market as an essential
first step toward a global understanding of chemical pollution. It identifies that
over 350,000 chemicals and mixtures of chemicals that have been registered for
production and use, up to three times as many as previously estimated and with
substantial differences across countries/regions. A noteworthy finding is that the
identities of many chemicals remain publicly unknown because they are claimed
as confidential (over 50,000) or ambiguously described (over 70,000).
Coordinated efforts by all stakeholders including scientists from different
disciplines are urgently needed, with (new) areas of interest and opportunities
highlighted here.

3.13.2

Assessing Chemical Mixtures in Air at the Global Scale: Advances with PUF
Disk Passive Air Samplers

T. Harner, A. Saini, Environment and Climate Change Canada / Air Quality
Research Division; X. Zhang, C. Hao, Ontario Ministry of the Environment
Conservation and Parks / Laboratory Services Branch; J. Liggio, Q. Liu, E.
Dabek-Zlotorzynska, V. Celo, Environment and Climate Change Canada / Air
Quality Research Division; D. Crump, Environment and Climate Change Canada /
National Wildlife Research Centre

The Polyurethane Foam (PUF) disk sampler is being applied at various scales,
ranging from global to personal, to assess the presence, transport, and exposure to
a growing list of contaminant classes. This includes persistent organic pollutants
(POPs) and POP-like emerging chemicals of concern, and more recently trace
metals. The ability of the PUF disk sampler to effectively capture and retain
particle-related species (in addition to gas-phase chemicals) supports further
applications and target classes, inter alia, microfibres and microplastics and black
carbon, and for characterising the toxicity potential of these chemicals mixtures
for a variety of endpoints. Results are presented from the Global Atmospheric
Passive Sampling (GAPS) Megacities pilot project, where PUF disk samplers
were deployed across 20 major urban centres and analysed for organic
contaminants (e.g. flame retardants (FR), trace metals, and toxicity endpoints).
Targeted and non-targeted analyses of the samples are providing invaluable
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information regarding chemical mixtures in air that contribute to a variety of
toxicity endpoints. Levels of FRs in air were positively correlated with Gross
Domestic Product and concentrations were dominated by organophosphate esters
(OPEs). Highest concentrations in air were observed for New York City, USA and
London, UK — 15100 and 14100 pg/m’, respectively. Levels of trace metals were
positively associated with total suspended particle concentrations and showed a
different ranking, with highest levels in New Dehli, India and Cairo, Egypt.
Results are also presented from controlled controlled oxidation flow reactor
(OFR) experiments on parent OPE compounds, where potential degradation
products are identified. This informs non-targeted analysis and suspect screening
of air sample extracts, which is currently ongoing. Extracts of PUF samplers were
also screened using an in vitro toxicogenomics approach to determine pathway-
based impacts of the complex mixtures among the 20 cities. This new and
complementary approach to contaminant research and monitoring provides ‘real
world’ exposure information for air and contributes to more informed chemical
risk assessment and risk management. The PUF disk sampler, which effectively
collects and retains gas-phase and particle phase contaminants, in a time weighted
sample, is a simple and cost effective tool for implementing a ‘chemical mixtures’
approach for studying the global chemical exposome.

3.13.3

Global chemical monitoring: Novel methodologies elucidating the extent and
drivers of the riverine chemical exposome

J. Wilkinson, The University of York / Natural and Built Environments; A.
Boxall, University of York / Department of Environment and Geography

Active pharmaceutical ingredients (APIs) and other chemical contaminants are
detected in the aquatic environment and their occurrence is suggested to elicit
negative impacts. Knowledge gaps exist regarding the occurrence/effects of
chemical contaminants, particularly in low to middle-income countries and those
outside of N. America and W. Europe. Of the 196 countries recognised by the
United Nations, data for the occurrence of pharmaceuticals is only available for
38% (75 countries). Here, we present the first global study of the chemical
exposome using both novel sample collection, target and non-target analytical
methods. The study comprised 133 sampling campaigns performed in 102
countries covering 1025 sampling locations across 254 rivers. A novel, hand-held,
water sampling kit was developed and sent to all 75 partner intuitions who then
collected 4 mL of grab sample water from 5-10 locations along their study
river(s). Samples were sent frozen to the University of York for analysis using
both in-house validated methods for target (n=61 APIs) and nontarget direct-inject
high performance liquid chromatography tandem mass spectrometry (HPLC-
MS/MS). At least one of the 61 pharmaceuticals monitored via targeted HPLC-
MS/MS was detected in 131 of the 133 sampling campaigns, indicating that
contamination of aquatic environments is a global phenomenon. Detection
frequencies ranged from 1% for the anti-malarial artemisinin (detected at 10
sampling locations, predominately in Africa) to 63% for the anti-epileptic
carbamazepine (detected at 645 sampling locations). The highest levels of API
pollution were observed in Africa followed by South America with mean total
API concentrations of 25.9 mg/L and 20.3 mg/L across the respective continents.
Specific pharmaceutical fingerprints varied from country-to-country with clear
and statistically significant patterns emerging along spatial, therapeutic, potential
toxicity and socioeconomic contexts. Non-target chemical analysis revealed
regional patterns in wider chemical exposure. In addition to further medicinal
contaminants not detected via the target HPLC-MS/MS method (e.g.,
antiretrovirals, antifungals, anthelmintics) other non-medicinal chemicals were
identified. For example, industrial (e.g., octanedioic/ nonanedioic acid and tributyl
phosphate used in plastic synthesis), agricultural/pesticides (e.g., DEET and
carbendazim), illicit drugs (e.g., benzoylecgonine), among others were identified
in the samples. The occurrence of chemical contaminants in rivers is a global issue
and much work is needed to identify potential impacts in poorly-studied regions.

3.134

An exposome-based approach using Big Data to compare the health impacts
of multi-chemicals and multi-stressor exposures

L. Huang, University of Michigan / Environmental Health Sciences, School of
Public Health; N. Aurisano, DTU (Technical University of Denmark) /
Quantitative Sustainability Assessment, Department of Technology, Management
and Economics; P. Fantke, Technical University of Denmark / Quantitative
Sustainability Assessment, Department of Technology, Management and
Economics; O. Jolliet, University of Michigan / Environmental Health Sciences,
School of Public Health

High-throughput exposure strategies comparing exposure to various chemical,
nutritional, and physical stressors are needed for exposome wide associations.
This presentation shows how recent Big Data and models enable us to predict
exposure and impacts for multiple stressors. a) Consumer exposures to chemical
in multiple products (e.g. building materials, toys, cleaning products, personal care
products) are assessed using stochastic usage and chemical contents databases for
more than 15000 product-chemicals combinations. b) Occupational exposures to
organic chemicals were assessed across the entire US industry, based on observed
organic chemical concentrations at workplace for 49,000 measured sector-based
concentration values for 235 organic chemicals. ¢) PM2.5 environmental
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exposures are assessed based on residence location and a multiscale model
predicting local concentrations. In addition, exposures to chemical stressors are
compared to d) Dietary exposures and nutritional impacts were assessed using
NHANES survey and the decomposition of individual diet into 16 dietary riks
factors, accounting for 400 risk-outcomes, stratified by 15 age groups and gender,
coupled with food composition and consumption data for 20,000 individuals. e)
Physical activity is charaterized using MET and outcome specific relative risk. All
exposures are then coupled with corresponding dose-responses to obtain
individual burden in pDALY/pers-day then translated minutes of healthy life lost
or gained per person per day. Potential impacts are highly variables depending on
individual behaviour and can typically range a) from 0 to 50 minutes of health life
lost/pers-day for exposure to chemicals in consumer products, b) from 0 to 1400
minutes lost/pers-day depending on industry sector for impacts of organic
pollutants on workers; ¢) from an impact of 0 to 50 minutes lost/pers-day
associated with fine particulate 2.5um, depending on residence location, d) from a
typical impact of 40 minutes/serving-day lost from detrimental food, up to a
benefit of 30 minutes/serving-day depending on food items, with main impacts
associated with cardiovascular disease, diabetes and cancers; e) from a benefit of 0
to 40 minutes gained/pers-day as a function of physical activity. We enter an
exciting era in which you can “Tell me when and where you lived and worked,
what you consumed, exercised and ate... and I will tell you who you are (your
exposome !).

New Methods in Environmental Analytical Chemistry: From
Interrogation of Complex Matrices to Innovative Tools for
Monitoring

3.14.1

Rapid, direct-injection LC-MS/MS micropollutant analysis and multivariate
classification of international water samples

L. Barron, Kings College London / Analytical, Environmental and Forensic
Science; K. Ng, Kings College London / Environmental Research Group; H. Rapp
Wright, DCU Water Institute, Dublin City University / School of Chemical
Sciences; M.P. Egli, Kings College London; A. Hartmann, Hochschule Fresenius /
Chemie und Biologie; J. Steele, Southern California Coastal Water Research
Project / Micobiology; J. Sosa Hernandez, E. Melchor Martinez, Tecnologico de
Monterrey; B. White, F. Regan, DCU Water Institute, Dublin City University /
Chemical Sciences; R. Parra Saldivar, Tecnologico de Monterrey; L. Couchman,
Analytical Services International Ltd; R.U. Halden, Arizona State University /
Biodesign Center for Environmental Health Engineering

The rapid quantification of 135 CECs in international surface and influent
wastewaters in under 4 min using direct-injection liquid chromatography-tandem
mass spectrometry (LC-MS/MS) followed by multi-site/sample classification
using principal component analysis (PCA) is presented. Sample pre-treatment
with solid-phase extraction (SPE) is often complex, inefficient or impractical for
application at scale and is a bottleneck for wide analyte coverage. Direct analysis
is often limited by MS data acquisition speeds for large numbers of compounds.
Critical challenges for rapid, direct LC-MS/MS method development are
presented. Method performance was excellent with low detection and
quantification limits (e.g., median of 9 and 31 ng L'~ in wastewater, respectively),
inaccuracy and imprecision of < 12 %, linearity of R*>0.9980 +0.0037 (10-point
calibration in matrix) and average matrix effects < 20 %. Quantitative analysis of
>300 international surface and wastewater samples from the UK from USA,
Germany and Mexico was performed and all were quantified within only a few
weeks with 220 injections possible daily. For wastewater from the UK, USA and
Mexico, >50 CECs were quantified including several European Commission
‘Watch List’ compounds, e.g., macrolide antibiotics. For illicit drugs, cocaine use
in London was observed to plateau for the first time since 2016. Fenuron was
quantified in wastewater from USA and Mexico, but not in London. However, it
was detected in the River Thames and several rivers in Suffolk (UK), potentially
indicating environmental persistence following restriction some years ago for pest
control agriculturally. Following PCA, it was possible to show methamphetamine
and opioid use was more prevalent for selected cities in the USA and Mexico than
in London. For methamphetamine in particular, high concentrations of >10,000 ng
L' were measured in one USA city and was the primary PCA loadings plot vector
among all compounds detected. For river water, PCA was also applied to a 100-
km portion of the tidal Thames as well as two smaller rivers in rural Germany to
determine sustained sources of CECs from combined sewer overflows and
wastewater effluent.

3.14.2

Analyzing unknown C2-C12 PFAA-precursors in environmental samples
using optimized TOP assay

Y. Yao, Nankai Univeristy; B. Wang, H. Chen, Nankai University / College of
Environmental Science and Engineering; H. Sun, China Construction Bank /
College of Environmental Science and Engineering

As an excellent surfactant, per- and polyfluoroalkyl substances (PFASs) are
widely used in products of daily life and industrial activities. Although legacy
PFASs have been found widely occurring in the environment, unknown
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precursors may as well occur, which can be a potential source to the environment.
Using top assay, we found a large contribution of unknown perfluoroalkyl acids
(PFAAs) precursors in wet deposition samples collected across mainland China.
The maximum predicted wet deposition fluxes of C6 and C8 unknown precursors
can reach 3.1x103 ng/m2/d and 4.3x103 ng/m2/d, respectively. These unknown
PFAA-precursors and ultra-short-chain perfluoroalkyl carboxylic acids (C2-C3)
contributed significantly to the deposition fluxes, accounting for 6%-56% and
22%-91% of the total PFASs, respectively. This indicated that in addition to
volatile PFAS precursors, there are soluble precursors or intermediates that can be
removed by wet deposition in the atmosphere. Therefore, only focusing on the
traditional known PFASs will significantly underestimate the contribution flux of
PFASs in wet deposition to the surface environment. Furthermore, on the basis of
the existing top assay method, we optimized the sample pretreatment using the
BA/Ag/H IC solid-phase extraction cartridges, which effectively removed the high
concentration of chloride and sulfate ions in the water samples. This made it
possible to recover C2-C3 PFCAs in water samples of high salinity on WAX
cartridges (62%-78%). With optimized TOP assay, we found the contribution of
unknown C2-C3 PFCA-precursors was 12-93 mol% in the leachate samples from
landfill, incineration plant, and waste transfer station in Tianjin. As a whole, the
contribution of unknown C2-C12 PFAA-precursors remained 0.38-68 mol% in
leachate samples after biochemical treatment. This indicates that a large number
of PFAA-precursors in municipal solid wastes are released into leachate during
the process of waste stacking and disposal treatment. The mass load of PFASs
may be underestimated if not taking into account the contribution of unknown
PFAA-precursors. Therefore, unknown PFAA-precursors have been found
occurring in the environmental samples from both point and non-point sources of
PFASs. Thus, it is necessary to further identify unknown PFAA-precursors in the
environment, especially for C2-C3 PFCAs, using suspected and non-target
screening techniques, so as to accurately assess the environmental risk of PFASs.

3.14.3

Method development for the monitoring of pesticides and transformation
products in waterfowls' eggs

V. Dufour, URAFPA-INRA / URAFPA; L. Wiest, Institut des Sciences
Analytiques / TRACES; S. Slaby, F. le Cor, L. Auger, Universite de Lorraine /
URAFPA; S. Bourdais, Fédération départementale des Chasseurs 41; O. Cardoso,
L. Curtet, ONCFS (National Game & Hunting Institute); L. Pasquini, Laboratoire
Environnement et Minéralurgie; D.X. XAVIER, ANSES-LHN; E. Vulliet, UMR
5280 Institut des Sciences Analytiques / TRACES; D. Banas, Universite de
Lorraine / URAFPA

France is characterized by the presence of very many small bodies of water (i.e.
ponds), often neglected by studies, but whose cumulative surface area covers
0.92% of the territory (Banas et al., 2019). These small waterbodies play an
important role in biodiversity preservation as some species like waterfowls come
to eat and reproduce in these places. Often located in watershed heads, they may
be surrounded by farming lands that are potential sources of pesticide
contamination. These molecules can potentially accumulate in organisms and
contaminate eggs which may compromise reproduction or development.
Moreover, pesticides can be biodegraded or metabolized and transformation
products, especially polar ones, are not well monitored concerning biotic
compartments. However, only few studies are addressing this issue. The aim of
this study was to develop an analytical method that allows the monitoring of
pesticides in waterfowls’ eggs, and apply it to real samples from the Sologne
region (France). The high content of interferences in the matrix and the large
range of physicochemical properties of the pesticides and transformation products
targeted represent an analytical challenge especially for the quantification of
traces. The developed protocol consists in a solid/liquid extraction based on
QuEChERS approach, and an LC-MS/MS analysis. A total of 18 pesticides and 28
transformation products with wide range physicochemical properties were
considered. Eggs from hens kept in battery were used as reference matrix for the
protocol development when spiked with analyses, and as blanks. Matrix matched
calibration was performed, and internal standards were used to characterize the
representativeness of the reference matrix against the real samples. Most
quantification limits obtained with the optimized analytical method were inferior
to 10 ng.g-1 dry matter, which is compatible with traces analysis. A reliable and
robust method for the characterization of pesticides in waterfowls’ eggs, based on
a matrix match and an internal standard approach was so validated. Moreover, one
of its strength is to be relatively simple and can be easily transposed to other biotic
matrices. Performances of the developed protocol were confirmed as terbutryn
was quantified in a real sample. However, even with a sensibility compatible with
traces analysis, only one pesticide was quantified, demonstrating that polar
pesticides and transformation products may not be transferred to eggs.

3.14.4

Paper-origami device enabling low-cost and rapid microbial analysis

Y. Pan, University of Glasgow; Z. Yang, Cranfield University / Water Science
Institute

Microbial detection is of significant importance for both biomedical diagnostics
(e.g. infectious disease) and environmental analysis (e.g. microbial contamination
in drinking water). This has traditionally been performed by culturing and typing
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the pathogens, however, these procedures often take several days. Molecular
approaches (such as polymerase chain reaction (PCR) detecting genetic markers)
will deliver faster turn-around times (< 1 hour) than culture-based methods, but
currently require centralised facilities and skilled personnel to perform the assays
and interpret results. There is, therefore, an urgent need to develop rapid and
sensitive platforms that can provide rapid analysis of microbial both for
biomedical diagnosis and environmental analysis. Here we report on a low-cost,
deployable paper-based biosensor device for rapid analysis of microbes. Using a
paper-microfluidic sensor with isothermal amplification technologies, we have
demonstrated rapid, sensitive and easy-to-use sample-to-answer testing devices for
rapid infectious disease of bovine, which was also tested in the field in India.
Pathogen DNA was amplified with loop-mediated isothermal amplification
(LAMP) and detected fluorescently, enabling a promising genetic DNA (from 10
to 100 copies per reaction) to be measured. Experimental results show that the
data from our paper-origami device are able to be collected as a fluorescence
signal either visually, using a low-cost hand-held torch, or digitally with a mobile-
phone camera (Figure 1). We carried on double-blind tests for the semen samples
collected from elite bulls at a germplasm centre, as a demonstrator for a low cost,
user-friendly point-of-care sensing platform, for in-the-field testing in resource-
limited regions, indicating for the first of time demonstration of the application of
paper-origami devices for the diagnosis multiple infectious diseases from semen
samples. We also show this device for the rapid test of microbial contaminations
in drinking water, with a flexible sampling enrichment strategy with magnetic
beads equipped on a syringe, enabling rapid analysis of microbial contamination
in drinking water in low resource setting, and to address global water
contamination issues.

Non-target Analysis in Environmental Sciences: The State of
the Art and Future Perspectives

3.15.1

patRoon: Open-Source Software Platform for Environmental Non-Target
Studies

R. Helmus, Universiteit van Amsterdam / I; V. Albergamo, University of
Amsterdam / IBED-FAME; O. Brock, Universiteit van Amsterdam / IBED-ELD;
T. Wagner, Universiteit van Amsterdam / IBED-FAME; T.L. ter Laak, KWR /
Chemical Water Quality & Health; A. van Wezel, University of Amsterdam/IBED
Institute; P. de Voogt, University of Amsterdam / IBED; E. Schymanski,
University of Luxembourg / Luxembourg Centre for Systems Biomedicine
(LCSB)

Non-target analysis (NTA) requires powerful software tools for effectively
processing hundreds to thousands of detected chemicals. However, current
software options often either lack functionality required for environmental
analysis or solve only parts of the full workflow. patRoon [1], an R based open-
source software platform, combines algorithms from commonly used software
tools (e.g. enviPick, XCMS and MetFrag) with new functionality to provide a
comprehensive mass spectrometry based workflow for automated. This software
is designed to be flexible, user-friendly and both platform- and instrument-
independent and has been applied to various environmental studies (e.g. [2-4]).
The first study revolved around the development and validation of a new liquid
chromatography coupled to quadrupole time of flight high resolution mass
spectrometry method for the characterization of leaf litter derived organic material
(OM) [2]. patRoon was then used to study aluminium-OM (co)precipitation by
characterizing the molecular OM composition before and after aluminium
treatment. Preliminary results showed that such precipitation favours
larger/heavier and aromatic compounds, which was not observed for specific
compound groups. The second study involved the elucidation of abiotic
transformation products (TPs) for two commonly used biocides in cooling water
towers: 2,2-dibromo-3-nitrilopropionamide (DBNPA) and glutaraldehyde [3]. The
identities of two detected TPs from DBNPA were confirmed, whereas tentative
identification efforts revealed several products resulting from the interaction
between both biocides, which generally showed reduced toxicity towards natural
biodegradation processes and daphnids. The final study involved NTA of
chemicals suspected to contribute to bioactivity in a source for drinking water
based on the results of a previous screening with effect-based methods [4].
patRoon revealed 49 suspects, for which the identity of 5 compounds was
confirmed and for 16 others established with high confidence by library mass
spectral data. The successful application of patRoon to these studies shows its
suitability for a broad range of environmental NTA studies. [1]
https://github.com/rickhelmus/patRoon [2] Brock O et al. (2019) European
Journal of Soil Science. [3] Wagner TV et al. (2019) Journal of Hazardous
Materials. [4] Albergamo V et al. (2019). Environmental Science: Water Research
& Technology.

3.15.2

Combining in vitro bioanalyses with ion mobility-high resolution mass
spectrometry as a refined screening workflow in environmental analyses

A. Celma Tirado, University Jaume I/ Research Institute for Pesticides and Water
(IUPA); G. Mandava, Swedish University of Agricultural Sciences / Department
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of Biomedical Sciences and Veterinary Public Health; A. Oskarsson, Swedish
University of Agricultural Science / Department of Biomedical Sciences and
Veterinary Public Health; F. Menger, Swedish University of Agricultural
Sciences; F.Y. Lai, Swedish University of Agricultural Sciences SLU /
Department of Aquatic Sciences and Assessment; O. Golovko, Swedish
University of Agricultural Sciences / Department of Aquatic Sciences and
Assessment; J. Sancho, University Jaume I / Research Institute for Pesticides and
Water (IUPA); F. Hernandez, University Jaume I/ Research Institute for
Pesticides and Water; L. Ahrens, Swedish University of Agricultural Sciences
SLU / Dept. of Aquatic Sciences and Assessment; K. Wiberg, Swedish University
of Agricultural Sciences (SLU) / Department of Aquatic Sciences and
Assessment; J. Lundqvist, Swedish University of Agricultural Sciences /
Department of Biomedical Sciences and Veterinary Public Health; L. Bijlsma,
University Jaume I/ Research Institute for Pesticides and Water

High resolution mass spectrometry (HRMS), such as time-of-flight (TOF), is
gaining popular in environmental research due to its powerful capability of wide-
scope target, susupect and non-target screening analyses which allow identifying
all relevant chemicals present in a sample.The high mass accuracy and resolution,
together with the extensive variety of available acquisition modes, make HRMS
the technique of choice for monitoring of emerging contaminants. With the recent
devolpment of ion mobility separation coupled to HRMS (IMS-HRMS) the
capabilities of the instruments have been remarkably enhanced. However, dealing
with such large data sets with many features is often time-consuming or even
unaffordable, and therefore, feature prioritization strategies are pivotal for this
task. In vitro bioanalyses enable the establishment of a certain toxicological
fingerprint of a sample, and therefore measure the combined effect of all
chemicals present in the sample. The comparison between least-active (ideally,
non-active) and most-active sample in a certain bioassay enables the screening for
most-active sample unique features, non-active sample unique features, or features
present in both samples but at different concentration levels. Complementary, the
application of target, suspect and non-target screening among the selected features
would reveal the identity of the corresponding toxicity drivers. The application of
this strategy will allow to focus in environmental harmful species that need to be
monitored. In this study, the application of eight in vitro bioassays (aryl
hydrocarbon receptor (AhR), estrogen receptor (ER) activation and antagonism ,
nuclear factor erythroid 2-related factor 2 (Nrf2), androgen receptor (AR)
activation and antagonism and vitamin D receptor (VDR) activation and
antagonism) werecombined with target, suspect and non-target screening by
means of state of the art IMS-HRMS. In total, 11 surface waters from coastal
lagoons from the Mediterranean coast of Spain were selected as a study case for
this approach. The different toxicity observed between the samples permitted the
application of the developed workflow revealing the presence of several organic
contaminants.

3.15.3

Implementation of non-targeted analysis as a water characterization tool

S. Motteau, IC2MP; M. Deborde, B. Gombert, N. Karpel Vel Leitner, IC2MP
UMR 7285 CNRS - University of Poitiers

There has been growing concern about organic micropollutants due to their
dispersion and their impact on the environment and human health. Current
wastewater regulations focus only on a small number of micropollutants
representing a limited portion of all contaminants dispersed in the environment.
Furthermore, many relevant contaminants regarding their persistence on the
environment or their toxicity may be still unidentified. The development of non-
targeted methods appears to be a tool to develop knowledge on the changes at
global scale during treatment processes and also of the impact of the treated
wastewater discharge in the aquatic environments. The aim of this work was to
study the evolution of the fingerprint (peaks inventory) of wastewaters and the
corresponding treated waters and the impact of their discharge on the surface
waters from the development and the application of a non-targeted method. Four
sampling campaigns were conducted over a year. Raw and treated wastewater
effluents and three different points on the french river Clain were sampled.
Samples were concentrated by solid-phase extraction. Concentrated samples were
analyzed by liquid chromatography coupled with High-Resolution Orbitrap mass
spectrometry equipped with electrospray source. Compound Discoverer, Mzmine
2,R 3.5.1 and XLSTAT were used to process data and also to perform
multivariate analyses. The results showed "fingerprints" with distinct profiles
depending on the samples. Multivariate analyses were able to discriminate clearly
wastewaters and treated waters. Thanks to Principal Components Analysis (PCA)
correlations between some detected features and water origins were established.
Finally, the comparison between surface water samples taken upstream of the
treated wastewater discharge with those from the contact zone showed the
emergence of new features into the river underlining a treated wastewater impact.
The desappearance of numerous of these signals in the downstream samples tends
to indicate a dilution effect in river. Accordingly, the representation of the fold
change between samples and the Principal Components Analysis allow to better
understand the impact of the treatment of the wastewater on the whole features
detected by the non-target analysis. Using an approach that includes statistical
treatments and data analysis, non-targeted analysis can be used to search for
features correlated to the origin of the matrix and to extract features with distinct
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tendencies.

3.15.4

Poster spotlight: Suspect and non target analysis of emerging polar
xenobiotics in water: workflows relevance

B. Gonzalez-Gaya, ESTACION MARINA DE PLENTZIA. UPV/EHU /
Analytical Chemistry

3.15.5

Poster spotlight: Detection and prioritization of unknown compounds in
water extracts from drinking water production

T. Hamers, VU University Amsterdam, Institute for Environmental Studies (IVM)
/ Department of Environment & Health

Occurrence, Fate, Transport and Reactivity of Emerging
Micropollutants in Aquatic Systems

3.16.1

Occurrence of micropollutants in fish collected from an aquatic ecosystem
influenced by municipal effluent discharge and snowmelt

Y. Sapozhnikova, U.S. Department of Agriculture / ARS; S. Haddad, S.R. Burket,
Baylor University / Environmental Science; M. Luers, SNYDERVILLE BASIN
WATER RECLAMATION DISTRICT; B.W. Brooks, Baylor University /
Department of Environmental Science

In this study we examined seasonal and spatial occurrence of 218 organic
micropollutants, including pesticides and their metabolites, polychlorinated
biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), polybrominated
diphenyl ethers (PBDEs) and other flame retardants in two fish species collected
in East Canyon Creek, Utah, USA. The East Canyon Creek watershed is located
east of Salt Lake City, Utah, USA. It is a unique semi-arid ecosystem influenced
by effluent discharge from the East Canyon Water Reclamation Facility and
seasonal snow melt, but often becomes effluent-dominated during summer months
when instream dilution from snowmelt ends. Most of the annual precipitation (65-
75%) is received as snow in the winter months. Two fish , brown trout (Salmo
trutta) and mottled sculpin (Cottus bairdii) were collected from four sampling
sites, with one reference site upstream, and three sites located at incremental
distances downstream of the effluent discharge to evaluate spatial trends in
contaminants levels. To examine seasonal trends, samples were collected during
spring (May) reflecting highest flow from snow melt, summer (August) and fall
(September, October) of 2014 representing lowest flow. We found some PAHs,
pesticides and metabolites, PCBs, PBDEs, and flame retardants in mottled sculpin
(11 analytes) and brown trout (18 analytes). Persistent organic contaminants:
hexachlorobenzene (HCB), p,p -DDE, PBDE-47 and common flame retardant
triphenyl phosphate (TPP) were the most frequently detected contaminants in
mottled sculpin and brown trout tissues, while PBDE-47 and p,p -DDE were
measured at the highest concentrations, reaching up to 73 and 19 ng/g wet weight,
respectively. Measured PBDE-47 concentrations (22-73 ng/g ww) were the
highest among other PBDE congeners, followed by PBDE congeners 99, 100 and
28. A spatial pattern was observed for PBDE congeners, where lowest
concentrations were measured in fish from the reference sites, and highest
concentrations were measured in fish collected downstream of the effluent
discharge, indicating that municipal effluent discharge contributes to the elevated
PBDE levels in fish residing in this effluent-dominated stream. Weekly
consumption limits were calculated for target analytes detected in brown trout
tissues following EPA guidelines.

3.16.2

Identification of Emerging Contaminants in Freshwater Invertebrates to
Facilitate Toxic or Effect Pressure Estimation

K. Ng, T.H. Miller, Kings College London / Environmental Research Group; N.
Bury, University of Suffolk / School of Engineering, Arts, Science and
Technology; J. MacRae, The Francis Crick Institute / Metabolomics; S. Owen,
AstraZeneca / Global Sustainability; L. Barron, Kings College London /
Analytical, Environmental and Forensic Science

Contaminants of emerging concern (CECs), such as pharmaceuticals, illicit
substances, persticides, herbicides, personal care products and their
metabolites/transformation products have been found globally in aquatic
environment, due to their widespread usage in healthcare, recreational/illicit
use, and agriculture. Understanding these contaminants present in organism
could further improve the risk assessment process. Acute and chronic effects
of some specific contaminants on biota have been well studied.' However,
these results were mainly based on exposure concentration levels measured
external to the biota, (e.g. in water or sediment). This is due to the
determination of contaminants in biota has been very challenging in terms of
reliably separating different compounds and quantifying them at trace
concentrations (e.g. pg-ng.g™').” Herein, determination of internal
concentration of freshwater invertebrates and external concentration (ie. in
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sediment and surface water) was achieved. Gammarus pulex and surface
water were collected from 15 sites covering 5 river catchments across Suffolk.
A total of 56 compounds were detected and ranged from < LOQ to 45.3 ng.g
! with cocaine and lidocaine frequently detected almost in all G. pulex.
Pesticides that are no longer approved in the EU were also detected including
fenuron reaching up to 16.1 ng.g™'. While, 50 compounds were detected from
surface water and ranged from < LOQ to 382.2 ng.L". The successful
identification of CECs at trace level was applied to another comprehensive
study, covering different species of invertebrates (G. pulex, Nereis
diversicolor, Crangon crangon, Hydrobia sp), sediment and surface water
samples, collected from 3 sites across the River Colne (Essex, UK). A total of
33 compounds, ranged from < LOQ to 90.8 ng.g” were detected across biota
samples, while 40 compounds were detected from the sediments and ranged
from < LOQ to 145.8 ng.g". Out of these compounds, citalopram was found
to be predominant in some biota (Hydrobia sp.), collected from one of the 3
sites and was also present in all sediment samples. A newly banned
neonicotinoid pesticide, imidacloprid was also detected and only found in N.
diversicolor. The presented data not only useful to show the concentration of
CEC:s found at trace level in different fauna is affected by local land-use but
also useful to estimate toxic and effect pressure of pesticides and non-
pesticides pose to the environment.

3.16.3

Impact of Vanillic Acid and o-Methoxyphenol on Adsorption and
Transformation of Lamotrigine by Manganese Oxide

M. Karpov, The Hebrew University of Jerusalem; B. Seiwert, Helmholtz centre
for environmental research - UFZ / Analytical Chemistry; V. Mordehay, The
Hebrew University of Jerusalem / Soil and Water Science; T. Reemtsma,
Helmholtz centre for environmental research - UFZ / Analytical Chemistry; T.
Polubesova, The Hebrew University of Jerusalem / Soil and Water Science; B.
Chefetz, The Hebrew University of Jerusalem / Soil and Water Sciences
Lamotrigine, an anticonvulsant drug used for the treatment of epilepsy and bipolar
disorder is considered a recalcitrant environmental pollutant. The parent
compound, or its metabolites, are excreted from the human body, entering the
environment. Lamotrigine and its transformation products are found in
wastewater, drinking water, surface water and soils. Environmental behavior of
lamotrigine can be influenced by its adsorption and transformation by redox-
active minerals (e.g., birnessite, 3-MnO2) and can be affected by the presence of
reactive phenolic compounds, which are oxidized components of dissolved
organic matter. Adsorption and transformation of lamotrigine by minerals has not
been studied previously. Hence, we investigated the mechanism of lamotrigine
adsorption and transformation by birnessite in the presence of phenolic
compounds: vanillic acid and o-methoxyphenol. Batch experiments were
performed at initial pH 5.5 for 72 hours. Both supernatant solutions and extracts
from birnessite surface were analyzed by HPLC for lamotrigine and by LC-MS
for transformation products. In the lamotrigine-birnessite system, 28% of added
lamotrigine was removed after 72 hours and 17 transformation products were
found. Based on the determined transformation products and their structures,
transformation mechanism of lamotrigine by birnessite was constructed. The
mechanism included three pathways of chemical reactions: oxidation, addition and
dechlorination. The presence of vanillic acid significantly enhanced the removal
of lamotrigine (92% of the added lamotrigine were removed after 72 hours) and
increased the variety and number of transformation products up to 60. The
presence of o-methoxyphenol resulted in removal of 48% of the added lamotrigine
and formation of only 38 transformation products. Extensive transformation of
lamotrigine in the presence of phenolic compounds can be explained by the
oxidation of phenols by the birnessite surface, followed by the cross-coupling
reactions of phenol transformation products (or their radicals) with lamotrigine.
This study re-evaluates the environmental persistence of lamotrigine, elucidates
the mechanisms of lamotrigine transformation, and demonstrates the role of
redox-active minerals and dissolved organic matter in the environmental fate of
lamotrigine.

3.16.4

Detection of the herbicide Glyphosate and its metabolite
Aminomethylphosphonic acid in the Marine Environment

M.A. Wirth, Leibniz Institute for Baltic Sea Research Warnemiinde / Marine
Chemistry; D.E. Schulz-Bull, Leibniz Institute of Baltic Sea Research
Warnemiinde / Marine Chemistry; M. Kanwischer, Leibniz Institute for Baltic Sea
Research Warnemiinde / Marine Chemistry

Glyphosate is among the most applied herbicides worldwide. It has been
frequently detected in freshwater ecosystems across the globe, together with its
metabolite aminomethylphosphonic acid (AMPA). Nonetheless, to date there have
been no reports on the occurrence of glyphosate and AMPA in the marine
environment, presumably due to a lack of suitable analysis methods. The
concentrations of pollutants like glyphosate in seawater are usually too low for
direct measurement with analytical instruments, e.g., liquid chromatography
coupled to mass spectrometry (LC-MS/MS). Therefore, analyte enrichment is
required. For polar analytes like glyphosate, solid phase extraction (SPE) is often
used. However, SPE enrichment from seawater can be hampered when salt and
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analyte compete for binding sites on the solid phase. A possibility to circumvent
this issue is to desalt seawater with electrodialysis samples prior to SPE. In this
study, we developed a method for the analysis of glyphosate and AMPA in
seawater, specifically the Baltic Sea, since this semi-enclosed, brackish sea is
heavily influenced by terrestrial input and anthropogenic activities. We evaluated
three different materials for the SPE-enrichment of glyphosate and AMPA from
Baltic Sea water: two ion exchange resins (IER) and one molecularly imprinted
polymer (MIP). We further evaluated the possibility of using electrodialysis to
desalt samples prior to SPE. We could show that glyphosate and AMPA can be
successfully enriched with all three materials. However, both IERs were highly
salt sensitive and could only be used in combination with electrodialysis. In
contrast, the MIP did not exhibit salt sensitivity and could be used for direct SPE
without previous sample desalination. The developed method was used to analyze
seawater samples from the Baltic Sea. Glyphosate and AMPA could be detected in
all samples. Concentrations ranged between 0.3 and 1.5 ng/L. AMPA showed a
stronger concentration gradient between stations close to the coast and further
offshore, indicating that AMPA is removed from marine surface water faster than
glyphosate, e.g., through microbial degradation. To the best of the authors*
knowledge, the presented data is the first report on the occurence of glyphosate
and AMPA in any sea or ocean worldwide. The herein presented method enables
monitoring programmes for glyphosate and AMPA in the marine environment.
Moreover, it enables risk assessment studies that are based on empirical data.

3.16.5

Estrogenic compounds in the Pearl River Estuary

C. Deich, M. Kanwischer, Leibniz Institute for Baltic Sea Research Warnemiinde /
Marine Chemistry; R. Zhang, Shanghai Jiao Tong University / School of
Oceanography; J.J. Waniek, Leibniz Institut for Baltic Sea Research Warnemiinde
/ Marine Chemistry

The catchment area of the Pearl River comprises densely populated cities such as
Guangzhou, Shenzhen and Hongkong, which potentially expose the river system
and the adjacent marine environment to considerable anthropogenic pressure. In
this study, surface water samples taken along the salinity gradient of the Pearl
River were analysed for estradiol, estrone, estriol, ethinylestradiol, daidzein,
genistein and zearalenon. The samples were investigated with a HPLC-MS/MS as
well as with a biological yeast assay (A-YES) to estimate the estrogenic activity.
Among the natural steroids, only estrone was detectable and present at all stations.
The synthetic ethinylestradiol was present only at the sampling site closest to the
South China Sea. Daidzein, genistein and zearalenon were detected at most of the
stations. In general, estrogen concentrations decreased towards the sea. Estradiol
equivalent concentrations were only detected at two stations close to the South
China Sea. The investigated substances have gained concern as they interact with
the hormone system of organisms and cause adverse health effects and are
categorised as endocrine disrupting compounds (EDCs). As the removal rates of
waste water treatment plants are often insufficient, EDCs have already been
detected in effluents and river water which led to their transport into the marine
environments. The actual effect on marine organisms is still not thoroughly
investigated. However, it was shown that EDCs potentially affect organisms in
low doses under laboratory conditions, and feminizing effects have already been
observed, e.g., in eelpouts at the German coast of the Baltic Sea.

3.16.6

Sulfidized silver nanoparticles in abiotic and biotic compartments - A
mesocosm study

G. Metreveli, University of Koblenz-Landau; S. Kurtz, K. Leuthold, University of
Koblenz-Landau / iES Landau, Institute for Environmental Sciences; S. Kiihr,
Fraunhofer IME - Institute for Molecular Biology and Applied Ecology /
Department Bioaccumulation and Animal Metabolism; C. Schlechtriem,
Fraunhofer IME / Department Bioaccumulation and Animal Metabolism; G.E.
Schaumann, University Koblenz-Landau / iES Landau, Institute for
Environmental Sciences

After release from consumer products, silver nanoparticles (Ag-NPs) will be
sulfidized especially in waste water systems which are considered as major
pathway components for the transfer of engineered nanoparticles to natural
systems. Up to now no systematic studies were performed evaluating the
environmental fate and effects of sulfidized silver nanoparticles (S-Ag-NPs). In
this study we evaluated long term fate of S-Ag-NPs in the aquatic-terrestrial
transition zone and their uptake by several organisms in an indoor floodplain
mesocosm system. In order to evaluate the distribution of S-Ag-NPs between
abiotic and biotic compartments, two replicate floodplain mesocosm systems were
applied allowing to investigate aquatic and terrestrial aging of nanoparticles under
consideration of flooding dynamics in meadow areas. The mesocosm systems
were run with natural river water, quartz sand as sediment, and natural repacked
floodplane soil. Leafs, benthic organism Gammarus fossarum, and the filter
feeding bivalve Corbicula fluminea were applied as biota. The total duration of
the experiment was 16 weeks. The dispersions of S-Ag-NPs were injected as one
single pulse (duration: 1 week) into the water phase. The results showed that the
Ag concentrations in the water increased during the S-Ag-NP pulse. After the end
of the S-Ag-NP injection the Ag concentrations decreased rapidly within 3 days
followed by a slow decrease. The main fraction (ca. 90%) of Ag was found in the
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sediment top layer. This confirms our suggestion about aggregation of S-Ag-NPs
and their rapid sedimentation. A high enrichment of Ag was observed for leafs
and algae. The soft tissue of the mussels also showed an increasing Ag content
during the injection of S-Ag-NPs followed by a slow decrease. The results clearly
indicate that the Ag content of mussel soft tissue strongly depends on the Ag
concentration in the water. Most probably, the mussels eliminate quickly the
excessive amount of S-Ag-NPs. An enrichment factor of Ag remained constant for
mussels during the whole experiment but increased in the course of the study for
gammarides. This can be explained by the increasing sedimentation of
nanoparticles and high enrichment of Ag on the surface of sediment which
represents the natural habitat for these benthic organisms. High enrichment of Ag
in leafs, algae, gammarides, and mussels can result in the magnification of S-Ag-
NPs by trophic transfer and represents a risk for a long term biological impact.

3.16.7

INVESTIGATION OF THE SYNERGY OF NANOPARTICLES AND
ANTIBIOTICS CONTAMINATION IN NATURAL WATERS - A FOCUS
ON PYRENEES AQUATIC ENVIRONMENT

S. Gozzo, CNRS (LCABIE-IPREM, Université de Pau); S. Godin, LCABIE
IPREM CNRS UMR Université de Pau et des Pays de 1Adour; E. Bolea,
Analitica, Facultad de Ciencias, Universidad de Zaragoza; M. Ormad,
Investigacion en Ciencias Ambientales (IUCA), Universidad de Zatagoza; J.
Szpunar, IPREM, CNRS-UPPA / Laboratoire de Chimie Analytique
Biolnorganique et Environnement LCABIE

Contamination of natural waters by emerging pollutants, has become a subject of
global concern, because of the potential dangerous consequences to environmental
and human health. One of the most important groups, within the category of
emerging pollutants, is represented by antibiotics, which are of particular interest
because of their high toxicity to algae and bacteria at low concentrations and
diffusion of antibiotic resistance. Furthemore, upon release and emission,
antibiotics may interact with natural occurring nanoparticles in the environment,
possibly leading to a co-exposure of organisms and the occurrence of mixture
effects. Nanoparticles (NPs) can facilitate the transport of other pollutants, the so
called "Trojan horse effect", facilitating toxic actions on biota and humans [2].
NPs can also form reactive oxygen species that can have dangerous effects on
biological compartments, therefore affecting the biota [1,2]. The presented study
is designed to investigate three aspects: - antibiotic pollution in aquatic
environment of the territory of interest - occurence of natural nanocolloids in this
area - interactions between naturally occurring nanoparticles and organic
pollutants with a focus on antibiotics. The study area covering the north of Spain
and the south of France is characterized by intense animal farming resulting in
potential release of veterinary antibiotics into the environment. A two-step
methodology, based on Solid Phase Extraction followed by a liquid
chromatographic separation coupled to tandem high resolution mass spectrometry
was developed for detection and quantification of antibiotics in natural and waste
water samples. Colloids were studied by field flow fractionation coupled with
ICP-MS. At the same time the presence of antibiotics bound to nanocolloids is
studied by SPE-LC-HRMS. A deeper insight into the interactions of emerging
contaminants and natural (NOM) and anthropogenic sorbents was gained during
model studies carried out using selected species spiked on the natural water
matrices. References [1] Batley GE, Kirby JK, McLaughlin MJ., Acc Chem Res.
2013, 46, 854. [2] Naasz, S., Altenburger, R., Kiihnel, D., Sci. Total Environ.,
2018, 635, 1170. ACKNOWLEDGEMENTS: The work has been 65% cofinanced
by the European Regional Development Fund (ERDF) through the Interreg V-A
Spain-France-Andorra programme (POCTEFA 2014-2020). Project
OUTBIOTICS EFA183/16

Persistent (P) and PMT/vPvM Substances in the Environment:
Improving Experimental and Weight of Evidence Assessment
Methods, Providing Solutions, and Informing Regulations

3.17.1

The P-Sufficient Approach: why high persistence is a source of very high
concern

M. Scheringer, ETH Zurich / Dep. of Environmental Systems Science; L.T.
Cousins, Stockholm University / The Department of Environmental Science &
Analytical Chemistry (ACES); C.A. Ng, University of Pittsburgh / Civil &
Environmental Engineering; Z. Wang, Swiss Federal institute of Technology /
Institute of Environmental Engineering

The environmental persistence of synthetic organic chemicals has been an
important element of chemical hazard assessment for 40 years. It is part of
assessment schemes for the identification of persistent, bioaccumulative and toxic
(PBT) chemicals and Persistent Organic Pollutants (POPs) at the national and
international level. However, there are still many persistent chemicals on the
market and the concern associated with the persistence of organic chemicals is
only slowly fully acknowledged. Here we present the P-sufficient approach, which
aims at highlighting highly persistent chemicals for management action on the
basis of their persistence alone. In the same way as under existing assessment
schemes, also under the P-sufficient approach the concern about a chemical in the
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environment is related to unwanted effects. However, as has been learned from
many cases in chemical risk assessment, adverse effects are difficult to predict and
the scientific knowledge about effects will always remain uncertain and
incomplete. This is because the number of possible effects is infinite and it is
epistemologically impossible to identify them all. If unexpected effects are caused
by a short-lived chemical, it is possible to cease environmental contamination by
restricting its use, which implies that no additional effects will be caused by that
chemical. In contrast, for highly persistent chemicals, it is not possible to cease
environmental contamination within a reasonable time frame by simply restricting
their use. Environmental contamination by highly persistent chemicals (and the
effects related to this contamination) will continue for years to decades. This
problem of poor reversibility (or irreversibility) of exposure to persistent
chemicals is a key reason why high persistence is a source of concern. We used a
generic multimedia environmental fate model to compare the environmental
concentrations of a short-lived and a persistent chemical in a scenario with equal
emissions for both chemicals (increasing linearly for 10 year and then decreasing
linearly). The concentrations of the short-lived chemical directly follow the
emission curve. The concentration of the persistent chemical, in contrast, keeps
increasing for another 4.5 years (overshoot) after the peak of the emissions in year
10, and it shows a tail of 25 years after the end of the emissions in year 20.
Furthermore, it exceeds the concentrations of the short-lived chemical by several
orders of magnitude.

3.17.2

Biodegradation of multi-ring aromatic hydrocarbons in soil - insights from
OECD simulation testing

C. Hughes, Ricardo Energy & Environment / Chemical Risk; P. Shrestha,
Fraunhofer- IME / Ecological chemistry; B. Meisterjahn, D. Hennecke,
Fraunhofer IME - Institute for Molecular Biology and Applied Ecology /
Ecological chemistry; L. Camenzuli, ExxonMobil; A. Martin-Aparicio,
CONCAWE; A.D. Redman, Exxon Mobil Biomedical Sciences, Inc. / Toxicology
and Environment Science Division; D.M. Saunders, Shell International /
Toxicology; E. Vaiopoulou, Y. Verhaegen, CONCAWE; S.A. Villalobos, BP /
Global Product Stewardship; N. Wang, Total

Biodegradation is an important process for the breakdown and removal of
chemicals from the environment. The OECD 307 test guideline describes the
standard simulation test for biodegradation in the soil compartment. Aromatic
hydrocarbons are a broad class of compounds which may enter the environment in
a variety of forms through a range of natural and anthropogenic processes. They
exist as constituents of petroleum and coal-derived substances, and have a wide
range of physico-chemical and environmental fate properties. A selection of '*C-
labelled unsubstituted aromatic hydrocarbons — benzo[a]pyrene (BaP),
phenanthrene (Phe) and biphenyl — with different physico-chemical properties and
numbers of rings have been tested under OECD 307. Testing was conducted on
four soils with varying physical properties, organic carbon content (Corg, %) and
microbial biomass measurements in both non-sterile and sterile systems. At each
time point extractable radioactivity, mineralisation and non-extractable
radioactivity was determined. Parent compound was quantified in extracts, with
the remainder assigned to a metabolite fraction. Degradation kinetics were
determined using CAKE modelling. BaP demonstrated markedly different
degradation in OECD 307 compared with Phe and biphenyl. There were notable
differences in mineralisation, metabolite formation and the non-extractable
fraction. In all cases formation of non-extractable radioactivity in sterile samples
was extremely limited, suggesting a biological mechanism for this process. A
correlation was observed between degradation rate and log Koc of the test
compounds, suggesting that differences in degradation kinetics are accounted for
by differences in sorption behaviour. The differences in metabolite profiles,
mineralisation and non-extractable radioactivity may in addition be attributable to
differences in structure and molecular size. Comparison of the results of different
soils show contrasting influences of soil properties, with soils with higher Corg
demonstrating slower degradation of BaP despite having higher microbial
biomass, and the opposite being the case for Phe and biphenyl. These studies
demonstrated contrasting degradation behaviour of 5-ring versus 2- and 3-ring
aromatic hydrocarbons. This is attributed to differences in sorption behaviour as
well as structural and molecular size characteristics. These results indicate the
delineation in environmental fate properties of this broad class of compounds.

3.17.3

The identification and assessment of PMT/vPvM substances under REACH
H. Arp, NGI / Environmental Technology; S.E. Hale, Norwegian Geotechnical
Institute (NGI) / Environmental Technology

There are substances with a specific combination of intrinsic substance properties
that cause them to pose an inherent hazard to remote aquatic environments and the
sources of our drinking water. These are substances that are very persistent in the
environment and very mobile in the aquatic environment (vPvM); or, substances
that are persistent in the environment, mobile in the aquatic environment and toxic
(PMT). A review of substances detected in drinking water and groundwater found
that 43% of them are REACH registered (referring to the EU REACH Regulation
(EC) No 1907/2006). Further, REACH registered substances were the most likely
to be found at higher concentrations (above 0.1 pg/L). We developed guidelines to
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prospectively or retrospectively use the REACH registration process to identify
PMT/vPvM substances. Special considerations for data uncertainty are presented
via the implementation of a "traffic light" system. The guidance was applied to all
15469 REACH registered substances as of May 2017. The list of PMT/vPVM
substances is provided and discussed in terms of monitoring data, emission
likelihood and current restrictions or regulations.

3174

P chemicals and water resources TF: SETAC Dublin 2020 - Abstract
submission for poster presentation

S. Pawlowski, BASF SE; L. Aicher, Swiss Centre for Applied Human Toxicology
(SCAHT); A. Berends, SOLVAY / HSE; P.K. Curtis-Jackson, Environment
Agency (England and Wales) / Chemical Assessment Unit; K. Doornebosch,
Nouryon; J. Franklin, Independent Scientist; M. Greener, Syngenta Ltd; J.
Hollender, Eawag / Department of Environmental Chemistry; B. Jene, BASF SE /
Environmental Fate; K. Jenner, Givaudan / Global Regulatory Affairs & Product
Safety; A. Kowalczyk, SC Johnson EurAFNE Limited / Global Safety Assessment
& Regulatory Affairs; D. Lewis, Syngenta; A.D. Redman, Exxon Mobil
Biomedical Sciences, Inc. / Toxicology and Environment Science Division; N.
Vallotton, Dow Europe GmbH / Toxicology Environmental Research and
Consulting; N. Wang, Total; J.R. Wheeler, Shell International; G. Sanders,
Givaudan International SA / Regulatory Affairs and Product Safety; A. Héner, F.
Hoffmann-La Roche Ltd / Group SHE (LSR); S. Mardsen-Jones, Environment
Agency

Chemicals from various sources may be released into the environment and
potentially reach ground- and drinking water resources. The PMT/vPvM-concept
was developed by the German Environmental Protection Agency (UBA) with the
aim to better protect these resources from such substances regulated under
REACh. However, the exercise indicated that hazard-based data evaluation
resulted in a serious number of false positive and a certain number of false
negative candidates which indicates an urgent need for further adjustment of the
concept. Furthermore, available monitoring data illustrated a broader range of
substances, which are not REACh-related, that are present in ground- and drinking
water and these substances will not be addressed by the REACH PMT/vPvM-
concept. An ECETOC Task Force was established to elaborate relevant topics
central to such an approach. These included a review of existing legislations,
elaboration of the applicability of an alternative risk-based approach, review of
existing monitoring data and the level of relevant metabolite concentrations,
possibility of NER-formation, appropriateness of the chosen Persistence (P)
Mobility (M)- and Toxicity (T) criteria. Results: A risk-based approach using
available phys.-chem. and e-fate parameters is applicable. A survey of monitoring
data revealed no correlation with logKoc. Employing a 0.1% as relevant
metabolite threshold is not practically applicable due to expected low
concentrations (<1ng/L). In EU plant protection product (PPP) regulation,
metabolite thresholds are 10% and 5%. NERs are not relevant for water-soluble
substances. M cannot be a stand-alone criterion to identify substances with
leaching potential to ground and drinking water resources. Including the additional
T-criteria will not significantly contribute to an enhanced safety of drinking water.
Discussion and conclusion: A risk-based approach is a suitable alternative,
compared to the initial hazard based PMT/vPvM-concept, as it allows for the
exclusion of both false positive and false negative candidates. For this purpose,
additional higher tier data may be required on a case by case basis. The results
from the monitoring survey suggests that PMT may not be predictive of actual
exposures. A 10% and 5% threshold level for metabolites similar to PPP is
recommended. The criteria for ‘T’ as set out in Annex XIII of REACH already
fulfils the protection goal of ensuring human and environmental safety in a
conservative manner.

Potential Roles for Diffusive Gradient in Thin Film (DGT)
Passive Samplers in Investigative and Regulatory Monitoring

3.18.1

Time-weighted average concentrations with Diffusive Gradients in Thin films
(DGT)

J. Puy, Universitat de Lleida and AGROTECNIO; A. Altier, Universitat de Lleida
and AGROTECNIO / Dep Quimica; J. Cecilia, Universitat de Lleida and
AGROTECNIO / Dep Matematiques; C. Rey-Castro, Universitat de Lleida and
AGROTECNIO / Dep Quimica; J. Galceran, Universitat de Lleida / Dep Quimica
Passive sampling can be a cost-effective analytical approach to provide time-
weighted average (TWA) concentrations of pollutants in natural waters. DGT
differs from other passive samplers basically by incorporating a diffusion disc in
between the accumulation element (binding phase) and the sample [1]. This
allows measurements independent of the convective phenomena in the sample
solution and a simple interpretacion of the accumulation based on Fick’s first law.
The effective concentration that results from this interpretation is called cpcr,
which stands for the metal concentration in a system with only metal that would
lead to the same accumulation than the natural sample. In terms of the real
species, cpar can be understood as the addition of the free metal concentration
plus the labile fraction of the rest of metal species, the contribution of each one
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being dependent on the respective mobilities [2]. By deploying a DGT device in
succesive solutions of different concentrations of Ni, Cd or NiNTA, the use of
cpar as a surrogate of the average experimental total metal concentration for
different deployment times and metal concentrations is discussed. When the
accumulation in simple metal solutions approaches perfect sink conditions, it is
shown that cpgr provides a good estimation of the TWA metal concentration.
Transient effects following concentration jumps are mainly dependent on the
pulse time, but in a set of oscillating concentrations they tend to cancel out due to
the opposite effect of the transient on the difference between cpgr and the
experimental average concentration. In presence of ligands, cper tends to
underestimate the average total metal concentration as seen in many cases. For a
dominant strong complex and excess of ligand conditions, a simple factor applied
to cpar can improve the estimation of the TWA concentration as seen in NINTA
solutions[3]. [1] Davison et al. Environ. Chem. 9 (2012) 1-13. [2] Altier et al.
Environ. Chem. 15 (2018) 183-193 [3] Altier et al. Anal. Chim. Acta, 1060 (2019)
114-124 Acknowledgement - The authors gratefully acknowledge support for this
research from the Spanish Ministry MCIU/AEI (Project CTM2016-78798) and
FEDER UE

3.18.2

Can the existing Environmental Quality Standards (EQS) be adapted for
Diffusive Gradients in Thin films (DGT), for the chemical assessment of
transitional and littoral waters? Yes, we can!

M. Belzunce, AZTI Foundation / Marine Research; I. Amouroux, IFREMER /
RBE/BE; M. Belzunce, Azti-Tecnalia; P. Bersuder, Cefas; A. Bettoschi,
Universita degli Studi di Cagliari / Dipartimento di Scienze Mediche e Sanita
Pubblica; T. Bolam, Cefas Lowestoft Laboratory; M. Caetano, IPMA L.P.; M.M.
Santos, Instituto Superior Técnico Universidade de Lisboa / Centro de Quimica
Estrutural; J. Franco, Azti-Tecnalia; J. Gonzalez, S. Guesdon, IFREMER; J.
Larreta, AZTI Foundation / Marine Research Unit; B. Marras, Universita degli
Studi di Cagliari / Dipartimento di Scienze Mediche e Sanita Pubblica; B.
McHugh, Marine Institute Ireland / Marine Chemistry; I. Mentxaka,
FUNDACION AZTI / Marine Research; F. Menet, IFREMER; D. Merkel,
Scottish Environmental Protection Agency; V. Millan Gabet, Instituto
Tecnologico de Canarias; N. Montero, University of Cagliari; M. Nolan, Dublin
City University; O. Perceval, ONEMA DAST; F. Regan, DCU Water Institute,
Dublin City University / Chemical Sciences; C. Robinson, Marine Scotland
Science / National Health and Environmental Effects Research Laboratory; M.
Rodrigo Sanz, Instituto Tecnolégico de Canarias; M. Schintu, Universita degli
Studi di Cagliari / Dipartimento di Scienze Mediche e Sanita Pubblica; B. White,
DCU Water Institute, Dublin City University / Chemical Sciences

EQS (or related concepts) are being used worldwide based upon a plethora of
legislations. As an example, the European Water Framework Directive (WFD;
2000/60/EC) establishes that the chemical status of water bodies must be
determined by the comparison of the concentrations of priority substances with
EQS. Within the WFD, although there are some EQS for biota, most of them are
for water. And, specifically, as far as metals are concerned, they must be evaluated
in the dissolved fraction. Within the plethora of systems or methodologies for
integrated sampling, Diffusive Gradients in Thin films (DGT) are already widely
used in investigative monitoring of metals and there is an increasing interest in
their use for the environmental assessment of water bodies, within European
policies requirements. However, at this time, it is not possible to use DGT to
assess chemical status in water bodies within WED, as it is not an officially
established method and there are no regulatory EQS. Thus, in the context of
MONITOOL European project, the overall objective is to adapt the already
existing EQSs for water to those for DGTs, enabling their use for regulatory
monitoring. In 2018, two campaigns were carried out in winter (rainy season) and
in summer (dry season); simultaneous deployment of DGTs and high-frequency
collection of spot water samples were carried out. The sampling campaigns were
performed in four selected sites (transitional and coastal sites) in each of the eight
Atlantic and Mediterranean European regions. Metals were analysed in three
fractions: dissolved, chemical labile and DGT. From this data, EQS will be
established through a transparent and scientific procedure, to ensure that they are
at least as protective as EQS laid down for water, and therefore they will be
proposed formally for regulatory purposes within the WFD.

3.18.3

Monitoring of pharmaceuticals, pesticides and perfluorinated compounds in
wastewater using a hydrogel-based passive sampler (0-DGT)

B. Vrana, Masaryk University, Faculty of Science, RECETOX / RECETOX; P.
Fialova, Masaryk University Faculty of Science / RECETOX Research Centre for
Toxic Compounds in the Environment; J. Urik, K. Sverclova, Masaryk University,
Faculty of Science / RECETOX; S. Kaserzon, University of Queensland /
Queensland Alliance for Environmental Health Sciences (QAEHS); K. Grabicova,
University of South Bohemia in CB / Faculty of Fisheries and Protection of
Waters, South Bohemian Research Center of Aquaculture and Biodiversity of
Hydrocenoses; H. Svecova, R. Grabic, University of South Bohemia in Ceske
Budejovice / Faculty of Fisheries and Protection of Waters, South Bohemian
Research Center of Aquaculture and Biodiversity of Hydrocenoses

Several configurations of passive samplers based on diffusive gradients in thin
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films for polar organic compounds (o DTG) were introduced in the last years. The
uptake of compounds to most samplers is limited by diffusion in water boundary
layer (WBL), but in case of 0-DGT, the layer of diffusive gel is thicker than
typical thickness of WBL. Therefore, performance of o-DGT sampler is typically
independent on hydrodynamic conditions, unlike other passive samplers used for
polar compounds. In the presented work an 0-DGT-based passive sampler variant
was tested in the influent and effluent of municipal wastewater treatment plants
for monitoring a broad range of pharmaceuticals, antibiotics and psychoactive
substances, currently used pesticides, and PFAS substances. The study yielded
information on uptake kinetics of contaminants by the samplers from wastewater,
and also assessed how well the sampler survive under harsh exposure conditions.
In-situ sampling rates were derived by comparing passive sampling results with
the analysis of composite wastewater samples. The in situ sampling rates were
compared with laboratory derived calibration data available from earlier work.
Performance of the hydrogel passive sampler was evaluated in terms of time-
integrative sampling period and substance specific sampling rates. The sampling
rates are expressed as substance specific volume of water cleared of chemical per
unit of time and calculated as ratio of the linear uptake slopes and the mean
concentrations in water. Relationship of sampling rates with physicochemical
compounds properties such as logKow, logD and pKa will be discussed. For most
substances that were quantifiable in the analysed wastewater samples, integrative
passive sampler uptake was observed up to two weeks exposure. Longer
exposures resulted in degradation of the diffusive hydrogel layer and related faster
uptake to samplers, which may lead to biased aqueous concentration estimates.

3.184

Evolution of soil-solution transfers during one field season of viticulture:
comparison of passive DGT sampling and active sampling

M. Pierdet, INRA BORDEAUX; H. Budzinski, University of Bordeaux; L.
Denaix, INRA BORDEAUX

Viticulture used copper sulfate (Bordeaux mixture) since 1885 to control mildew.
These regular inputs of copper may lead to a copper long-term contamination of
soils and thereby affect fauna and flora. The soil-solution transfer and copper
availability are often studied under controlled conditions. But in the field, the
temperature and humidity of soils fluctuate. To better understand the soil-solution
transfers of copper in field conditions, we aimed to measure the in-situ availability
during one year of culture. The application of DGT (Diffusive Gradient in Thin-
film) on the soil is a good tool to evaluate the phytoavailability of trace elements.
The objective of this study was to compare two sampling methods, active
sampling and passive sampling with DGT, in order to evaluate if it exists most
critical periods of potential phytotoxicity through one year of culture. Four
vineyard soils were selected: 2 luvisols and 2 podzols with copper concentrations
between 16 and 197 mg/kg and variable soil characteristics. Soil temperature
sensors and microporous cups were installed. Soil solutions were sampled every 2
weeks if moisture conditions were sufficient. pH, DOC, copper concentrations
were measured in each sampling solution. In addition, passive samplers DGT were
deposited every 2 weeks in soils during 24 h at 10 centimeters depth, to estimate
the availability of copper. An important increase of copper concentration was
observed both for passive and active sampling at the beginning of spring when
temperature increased. This is correlated with the increase of dissolved organic
matter due to a recovery of mineralization by microorganisms. This phenomenon
is observable for all the parcels but more pronounced for the highest concentrated
soils. The concentration obtained with passive sampling was also the highest and
the closest of those obtained by active sampling during these periods. However,
the spreading period seems to not affect DGT copper concentration. The role of
organic matter on copper soil-solution transfers is major. This study allowed to
demonstrated an important variation of copper concentration in solution but also
of DGT concentration, which is often estimated as constant, depending essentially
of reactive constituents present in the soils.

Siloxanes and Related Chemicals: Environmental Monitoring
and Behavior, Ecosystem Exposure and Energetic Efficiency

3.19.1

Analytical Bias in the Trace Analysis of Cyclic Volatile Methylsiloxanes

T. Boehmer, EVONIK N&C; C. Mund, Evonik Nutrition & Care GmbH; D.A.
McNett, The Dow Chemical Company, Midland, MI USA; J.A. Durham, Dow
Chemical Corporation / Toxicology Environmental Research and Consulting
Since the European Commission published a restriction on the use of
octamethyl-cyclo-tetrasiloxane (D4) and decamethylcyclopentasiloxane (D5) in
wash-off personal care products (PCP) in 2018 there is increasing interest in the
analytics of cyclic volatile siloxanes (cVMS) in the scientific and regulatory
community. For that purpose accurate and robust analytical methods ranging from
determination of residual cVMS in products to trace analysis in the environment
are needed. However, long experience within the industry shows, that analysis of
volatile siloxanes needs special caution due to specific properties of the analytes.
The consideration of these peculiarities over the whole chain of the analytical
process from sampling to measurement is key for accurate results. The unique
ability of polydimethylsiloxanes to “equilibration”, which they do not share with
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other classes of polymeric organic compounds, is a constant potential source for
cVMS artifacts during the analytical procedure. This presentation provides
background information on properties of the siloxanes, points out challenges in
the cVMS analysis, especially when performed at trace levels, and how to
overcome them. We demonstrate unexpected occurrences of direct contamination
by unintended gas phase transport or changes in the product quality of laboratory
commodities. We also show that inappropriate sample preparation procedures are
prone to false positive findings. Especially analytical approaches aiming for “non-
target” screening analysis, such as “Head Space Screening” or sample pre-
cleaning utilising adsorbents (eg. “QuEChERS”) have to be critically evaluated
before employed. Acknowledgements: This work was partly funded by the Global
Silicones Council.

3.19.2

Interim results of an EU-wide monitoring study assessing the effects of
announcing use restrictions on methylsiloxanes

D. McNett, The Dow Chemical Company / Toxicology Environmental Research
and Consulting; J.A. Durham, Dow Chemical Corporation / Toxicology
Environmental Research and Consulting; T. Boehmer, Evonik Nutrition & Care
GmbH; R. Gerhards, GerConsult; R. Mait, Bramlee Consulting LLC; T. Guerrero,
ACC/SEHSC; E. Frauman, European Chemical Industry Council - Cefic aisbl; T.
Barber, S. Claes, J. Dierckx, ERM

In January 2018, the European Union issued a REACH restriction on the use of
octamethylcyclotetrasiloxane (D4) and decamethylcyclopentasiloxane (D5) in
wash-off personal care products (PCPs), with a 2-year phase-out period. In 2019,
ECHA proposed additional restrictions, which included
dodecamethylcyclohexasiloxane (D6). The restriction goal is to reduce the amount
of D4, D5 and D6 released into the aquatic environment via limits on mass
loadings to waste water. The Silicone Industry in coordination with government
agencies initiated a European monitoring program to assess the amount of D4 and
D5 being released to residential wastewater treatment plants (WWTPs). In 2019,
the program was expanded to include D6. A comprehensive field sampling
protocol was developed to generate statistically representative data on analyte
concentrations. The analytical method achieved sub-ppb detection levels. Method
validation used both low density polyethylene (LDPE) to prevent losses of the
highly volatile analytes, and 13C-labelled D4, D5 and D6 isomers as internal
quantification standards for the GC-MS method. A quality control scheme ensured
that sources of contamination or analyte losses were identified and minimized. Six
WWTPs were selected across Europe, representing different use-patterns of PCPs.
Three time periods are being monitored: pre-restriction for wash-off PCPs
(2017/18), during the 2-year phase-out period (2019/20), and post-restriction for
wash-off PCPs (2020/21). WWTPs are sampled 8 times during each period, using
a stratified random sampling design that considers seasonal, weekly, and daily
factors. The mass loading of D4, D5 and D6 of these WWTPs is calculated based
on influent flow measured at the time of sampling and reported on a per capita
basis based on population data from the Eurostat database. The data generated
during the pre-restriction period and the first half of the phaseout period (2019)
indicate that concentrations of D4 are in the range of the predicted post-restriction
level at all 6 WWTPs. For D5, concentrations are approaching the predicted post-
restriction level at all 6 WWTPs. All D6 concentrations measured in the program
are well below levels calculated using the same approach that has been used to
establish post-restriction concentrations for D4 and DS.

3.19.3

Occurrence of cyclic volatile methylsiloxanes D4, DS and D6 in fish from
German freshwaters

G. Radermacher, Fraunhofer IME - Institute for Molecular Biology and Applied
Ecology / Environmental Specimen Bank and Elemental Analysis; A. Duffek,
German Environment Agency / Water and Soil; J. Koschorreck,
Umweltbundesamt; H. Ruedel, Fraunhofer IME - Institute for Molecular Biology
and Applied Ecology / Environmental Specimen Bank and Elemental Analysis
Cyclic volatile methylsiloxanes (cVMS) are high-volume chemicals mainly
applied as intermediates in silicon polymer production and as ingredients in
personal care and household products. Due to their properties cVMS are suspected
to undergo long-range atmospheric transport and to possess environmental
persistence and bioaccumulation potential. Thus, octamethylcyclotetrasiloxane
(D4), decamethylcyclopentasiloxane (D5), dodecamethylcyclohexasiloxane (D6)
are listed as Substances of Very High Concern (SVHC) in the European Union
since 2018. D4, D5 and D6 were determined earlier in freshwater fish in e.g.,
Canada, Norway and Sweden as well as in archived bream samples from the
German Environmental Specimen Bank (ESB). Here, the levels of cVMS in
different fish species from freshwaters are compared and the distribution of D4,
D5 and D6 between fish fillet and carcass is determined. To this end, pairs of
carcass and fillet composite samples of different freshwater fish from the German
rivers Elbe, Havel, Moselle and Weser and Lake Starnberg and a Baltic Sea
Lagoon were investigated. Biometric data (e.g., length, age, sex) were
documented, age determined by examination of scales, trophic positions derived
from '"N/"*C stable isotope analyses, and fat contents measured. After solid/liquid
extraction, speciation and quantification of the cVMS were carried out with a GC-
ICP-MS/MS coupling method. Overall, in all riverine fish samples only D5 was
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detected. At the non-riverine sampling sites Lake Starnberg and the Baltic Sea
lagoon no cVMS were detected at all. Highest D5 concentrations were found for
perch and European chub from river Moselle with 480 and 350 ng/g wet weight,
respectively. In general, cVMS concentrations in fillet composite samples were
lower than in carcass samples. For example, in European chub fillet from river
Moselle the D5 concentration was about 4 times lower than in the respective
carcass sample. Compared to selected priority substances (PS), it is noticeable that
D5 concentrations in carcass samples were clearly higher (up to 600 times) than
those of the lipophilic PS HCB, HBCDD and PBDEs. Also, the levels of the non-
lipophilic PS mercury and PFOS were lower in carcasses than D5 levels, but only
up to 25 times. Other aspects that will be discussed are whether the cVMS levels
correlate with biometric data, lipid content or trophic level. In addition, it will be
examined whether it is possible to derive fillet-to-whole fish conversion factors.

3.194

Bioaccumulation of Linear and Cyclic siloxanes in Rainbow trout
(Oncorhynchus mykKiss)

M. Cantu, Simon Fraser University / Resource and Environmental Management;
G. Allard, Simon Fraser University / Faculty of Environment; F. Gobas, Simon
Fraser University / Resource & Environmental Management

Volatile methyl siloxanes (VMS) are considered very hydrophobic and volatile
substances that have the potential to bioaccumulate. The objective of the present
study is to investigate six different VMSs and whether they meet the (B/vB)
requirements using a dietary exposure test protocol to determine in-vivo
biotransformation rates of various siloxanes in rainbow trout fish. Using
depuration data from each of the studies we were able to calculate the dietary
uptake efficiencies (ED), biomagnification factors, lipid normalized (BMFL), and
bioconcentration factors (wet weight, total) (BCFww,t). Regulatory agencies
across the globe use BCF data from aqueous exposures ubiquitously, while BAFs
generated from dietary studies still do not have the same regulatory impact.
Individual siloxane exposures to juvenile rainbow trout fish (D4, D5, D6, L3, L4,
L5) were run at a concentration of 4.5uM siloxane/g food for and uptake duration
lasting 35 days. Since the depuration rates for the cyclical siloxanes are very slow,
and through previous work done in our lab, this high concentration should suffice
to represent a depuration rate value, this will also save time and cost for the
project. The depuration time points will differ between the linear and cyclic
siloxane compounds due to the limit knowledge of depuration kinetics
surrounding linear siloxanes. Our work indicates a few different points: (1) L3,
L4, L5, D4, D5, and D6 bioconcentrate but do not biomagnify, (2) low dietary
uptake efficiencies indicate considerable biotransformation in the intestinal tract,
(3) D4, D5 and L3 exhibit slow rates of somatic biotransformation and (4) the
bioaccumulation profile of L3, L4, L5, D4, D5, and D6 does not match that of
PCBs and other highly bioaccumulative organochlorines.

Sources, Fate and Effects of Metals in the Environment:
Advances in Risk Assessment, Regulatory Guidance, and
Remaining Gaps

3.20.1

EcoRelevance: Population modelling for metal risk assessment

K. Viaene, ARCHE; K. Vlaeminck, Arche consulting / GhEnToxLab; S. Janssen,
Ghent University / GhEnToxLab; P. Van Sprang, Arche consulting; K. De
Schamphelaere, Ghent University (UGent) / Environmental Toxicology
Population modelling is increasingly considered as a useful tool for ecological
risk assessment (ERA). Current case studies with population models are typically
performed in the context of plant protection products (PPP). This use of
population models is less applicable for other regulatory programs such as
REACH or theWFD where ERA is often based on a collection of endpoints of
different species. However, as REACH and the WFD are relevant for nearly all
chemicals in Europe, the question on how population models can improve the
ecological realism of ERA is highly relevant. In the EcoRelevance project, the
potential of population models to increase the ecological relevance of the ERA
of two metals (Cu and Zn) was investigated for nine species used in regulatory
dossiers including fish, invertebrates and primary producers.Individual based
models (IBMs) were used for most species to extrapolate Cu and Zn effects
observed in toxicity tests to the population level. GUTS and DEBtox were used
to model lethal effects and sublethal effects, respectively. For each species,
toxicity models were calibrated on the available datasets. Population simulations
were performed and, if possible, validated with experimental data. Finally, effect
concentrations for population endpoints (growth rate, maximum and average
density) were determined.Effect concentrations at the population level were
typically higher than at the individual level, although differences were mostly
limited (less than a factor 2). The differences also varied greatly between the
chosen population endpoint: growth rate was typically more sensitive than
population density endpoints. Another issue is related to the bioavailability of
metal ions. Bioavailability modelling is a cornerstone for metal risk assessment
but it is unclear how to include this in population modelling.Despite these issues,
this study has demonstrated the potential of population models. In addition to
predicting population effects, they also allow to derive more information from
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the available toxicity tests. Population models can help to identify the
mechanism behind toxicity and determine whether lethal or sublethal effects are
dominant at the population level. Additionally, they allow simulation of untested
scenarios.Although issues remain to be addressed, population models thus allow
for an unique insight into the ecological effects of metals using data already
available in regulatory dossiers.

3.20.2

Integrating bioavailability of metals in fish population models

S.D. Janssen, Ghent University (UGent) / Vakgroep Dierwetenschappen en
Aquatische Ecologie; K. Viaene, ARCHE; P. Van Sprang, Arche consulting; K.A.
De Schamphelaere, Ghent University / Laboratory for Environmental Toxicology
and Aquatic Ecology

Traditional ecological risk assessment of metals is based on effect concentrations
derived from toxicity tests on individual-level endpoints. However, these effect
concentrations are derived for a single time point at the end of the test while it is
known that these effect concentrations are dependent on the exposure time.
Furthermore, effects on individual level endpoints do not directly translate to a
similar effect on the population level. The combination of population models and
Toxicokinetic-Toxicodynamic models, such as the ‘General Unified Threshold
models of Survival’ (GUTS), can help to overcome this problem. However, in the
risk assessment of metals it is also important to consider the bioavailability of the
metals, which is not currently the case for population models.Therefore, the main
aim of this study was to investigate if we could incorporate bioavailability of
metals into a population model of Oncorhynchus mykiss by means of introducing
bioavailability models in the underlying GUTS model. For this, GUTS-IT
(Individual Threshold) and GUTS-SD (Stochastic Death) models were calibrated
for a zinc and a copper toxicity data set of juvenile rainbow trout (O. mykiss). The
GUTS models were calibrated using the free ion activity of zinc and copper
respectively. GUTS-IT and GUTS-SD models were separately parameterised for
each test water and compared to identify the best model for each physico-chemical
water characteristic. In addition, relations between GUTS parameters and the
physico-chemical water characteristics were investigated. Then, we tried to
develop a generalized bioavailability model (gBAM) for one of the GUTS
parameters. As a final step, we used a combination of the GUTS model and a
spatially explicit Individual Based Model to estimated effects of zinc and copper
on an O. mykiss population.Overall, the GUTS parameter “median of distribution
of thresholds” showed the strongest relationship with the physico-chemical
characteristics. The developed gBAM for this parameter was able to predict the
parameter within a two-fold error and was capable to make relatively good
estimates of the LCx values after 30 days of exposure. At the population level,
overall lower effects of copper and zinc were observed than at the individual level.

3.20.3

A Flexible Aquatic Metal Bioavailability Modelling Tool for Site-specific Risk
Assessment

S. Lofts, UK Centre for Ecology & Hydrology / Environmental Contaminants
Group; C. Nys, Arche consulting / Laboratory for Environmental Toxicology and
Aquatic Ecology GhEnToxLab unit; K.A. De Schamphelaere, Ghent University /
Laboratory for Environmental Toxicology and Aquatic Ecology; S. Baken,
European Copper Institute; P. Van Sprang, Arche consulting

Aquatic bioavailability models such as the Biotic Ligand Model (BLM) can be
used to perform site-specific risk assessment for metals, but the complexity of the
calculations involved has precluded widespread use of the available approaches.
We have developed a tool to make the process of using bioavailability modelling
as straightforward as possible, to facilitate the use of bioavailability approaches in
aquatic metal risk assessment. The tool contains speciation models (WHAM with
Model V, VI or VIII) and bioavailability models (the BLM and the generalised
bioavailability model), parameter sets, and a database of laboratory toxicity test
results. Computations require the use of toxicity data (endpoint metal
concentrations and ionic composition of the test water), a speciation model, and a
set of bioavailability models and their parameters. Users choose which
combination of models and data to use from a pre-defined list of settings, making
the computation process straightforward. The tool allows visual inspection of the
toxicity test dataset, the resulting species sensitivity distribution, and computed
measures of risk (e.g. the site-specific Predicted No Effect Concentration, PNEC,
and the Potentially Affected Fraction, PAF). It can also be used to process data for
multiple target waters, and the results may be saved for viewing in other
applications. The tool has been applied to copper as an example metal, and has
been used to perform calculations according to the approach previously used for
the EU copper Voluntary Risk Assessment. The tool outputs closely match those
obtained previously. The tool is extensible to allow updating of any component
model or database, and so may be readily extended to other metals that have fully
validated bioavailability models.

3.204

Validation of bio-met for the site specific bioavailability normalisation of
EQS for copper, nickel, and zinc

C. Cooper, International Zinc Association / Environment & Sustainability; A.
Peters, wca; C. Nys, Arche consulting / Laboratory for Environmental Toxicology
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and Aquatic Ecology GhEnToxLab unit; G. Merrington, WCA Environment
Limited; I.A. Wilson, wca; F. Verdonck, Arche consulting; S. Baken, European
Copper Institute; F. Van Assche, IZA; C.E. Schlekat, NiPERA Inc

The importance of considering the bioavailability of metals in understanding and
assessing their toxicity in freshwaters has been recognised for many years.
Currently, Biotic Ligand Models (BLM) are being applied for the derivation of
Environmental Quality Standards for metals under the Water Framework
Directive in Europe. Bio-met is a user-friendly tool which was developed for
implementing bioavailability-based EQS for metals in European freshwaters. This
study validates the relationship between the full BLM predictions and the
thresholds (HCS values) predicted by bio-met in two stages. First, ecotoxicity data
for specific species from laboratory tests in natural waters were compared against
predictions by the full BLMs for the same species. Second, the site-specific HCS
values predicted by bio-met for the natural waters used for ecotoxicity testing
were compared against those provided by the full BLMs. Both relationships were
validated for the metals copper, nickel, and zinc. Calculations using a larger set of
European natural waters additionally demonstrated the validity of bio-met over a
broad range of water chemistry conditions. Bio-met is, therefore, an appropriate
tool for performing compliance assessments against bioavailability-based EQS
values in Europe, due to the demonstrated consistency with the toxicity test data.

3.20.5

Using national regulatory freshwater monitoring data to define ecologically
relevant bioavailability-based EQS for metals: the example of France

I.A. Wilson, A. Peters, wca; G. Merrington, WCA Environment Limited; C.
Cooper, International Zinc Association / Environment & Sustainability; F. Van
Assche, 1ZA; C.E. Schlekat, NiPERA Inc

The starting point for the derivation of a bioavailability-based metal
Environmental Quality Standard (EQS) hazardous concentration at the Sth
percentile (HCS) that is protective of 95% of the waters for the region that is the
most sensitive to exposures of that specific metal. This method has been applied to
France for the assessment of nickel and zinc. The dataset utilised covered 4,565
sites in 96 departements covering 13 regions. Using the appropriate BLMs, the
most sensitive regions for nickel and zinc exposures were determined to be
Provence-Alpes-Cote d’Azur and Bretagne, respectively with Sth percentile local
HCS concentrations of 2.2 pg L-1 and 11.3 pg L-1. These derived values can then
also be used as the compliance metric as part of a country-wide compliance
assessment for sites where measured metal concentrations are available as part of
a tiered approach. The large amount of data available for France indicates the
utility of performing regional HC5 concentrations for derivation of compliance
metrics; however, this approach is only scientifically robust where there is
sufficient monitoring data available to assess the whole country. Where
monitoring data is more sporadically available, there is significant potential for an
under- or over-protective compliance metric to be derived.

3.20.6

Do counter-ions affect nickel toxicity?

E.T. Middleton, E.R. Garman, NiPERA Inc / Ecotoxicologist; C.E. Schlekat,
NiPERA Inc

According to REACH guidelines, multiple substances may be classified into a
single category if the determination is made that the substances display similar
physicochemical and/or toxicological qualities as a result of their intrinsic
properties. Under REACH framework and with respect to ecotoxicological
studies, various nickel substances (e.g., nickel sulfate, nickel chloride, etc.) have
historically been considered a single category. This classification has been
primarily contributed to the release of the dissociated ion Ni2+ from nickel
substances, which is the toxicologically relevant form in the environment.
Consequently, the corresponding dissociated ‘counter-ion’ (e.g., chloride, sulfate,
etc.) of a nickel substance is assumed to be toxicologically negligible. The
intention of this research is to review the current available information related to
various nickel substances under REACH and determine if there is validity in
prioritizing the ecotoxicological effects of Ni2+ over the corresponding counter-
ion. Although this study is focused on nickel substances, a similar evaluation
should be applicable for other metals. Within this study, we aim to evaluate
approximately five distinct lines of evidence including chemistry, natural water
constituency, toxicology, risk assessment, and predictive modeling to determine
the extent the counter-ion contributes to toxicity. Using data from the [IUCLID
database and available literature, we summarized LC50 values for three organisms
(C. dubia, D. magna, and P. promelas) for their exposures to various metal (Ni,
Na, K, Ca, Mg) and counter-ion (Cl, SO4, NO3, HCO3) combinations. The
toxicity of Na, K, Mg, and Ca salts all have LC50s >510 mg/L (P. promelas,
KHCO3), while the greatest LC50 (i.e., least toxic threshold) for any nickel salt
was < 12.3 mg/L (P. promelas, NiCI2). The magnitude of the LC50 deviations
provides evidence that compounds containing nickel are much more toxic than
any toxicity thresholds than would be contributed by the counter ion, regardless of
the which counter ion is present. Performing a thorough and logical progression of
analyses to understand how counter ions may contribute to ecotoxicity is
necessary for the justification of continuing to treat metal substances in a read-
across framework under REACH. Ultimately, we expect to find that the toxicity
thresholds are driven largely, if not entirely, by nickel concentrations in the
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environment rather than their counter-ion component.

3.20.7

Mixture toxicity of Ni, Cu and Zn on eight freshwater algal species: what
determines a something-from-nothing effect?

A. Fettweis, KULeuven / Department of Earth and Environmental Sciences; B.
Bergen, KULeuven / Department of Earth & Environmental Sciences; S.E.
Hansul, Ghent University (UGent) / Laboratory for Environmental Toxicology
and Aquatic Ecology; K.A. De Schamphelaere, Ghent University / Laboratory for
Environmental Toxicology and Aquatic Ecology; E.E. Smolders, KULeuven -
BE0419.052.173 / Earth & Environmental Sciences

Metal mixture data is scarce for freshwater systems but is crucial to improve
current risk assessment. This is particularly important for algae, the primary
producers of ecosystems, as adverse effects on these species affect the functioning
and the outcome of higher trophic levels (daphnids, fish). For example, nickel
(Ni), copper (Cu) and zinc (Zn) often occur together in freshwaters at
concentrations close to their individual predicted no effect concentrations (PNEC).
Metals dosed at concentrations yielding < 10% adverse effect, may show a large
effect when dosed in combination, commonly referred to as a something-from-
nothing effect. However, it is still questionable how this mixture effect translates
to a community level. A reduced effect would be predicted by the insurance
hypothesis: less sensitive species take over the functions of the more sensitive
ones when stressed by a toxicant. On the contrary, recent modelling of mixture
toxicity on community level suggests a more likely occurrence of the something-
from-nothing effect when the sensitivities to the individual metals across the
species in a community are correlated. Therefore, metal mixture toxicity of Ni, Cu
and Zn was tested on 8 freshwater algal species (Ankistrodesmus falcatus,
Chlamydomonas reinhardtii, Chlorella vulgaris, Desmodesmus subspicatus,
Pseudokirchneriella subcapitata, Tetraédron minimum, Synechococcus elongatus
and Scenedesmus quadricauda) in a fixed-ray design with a 1:1:3 ratio of
Ni:Cu:Zn based on weight. Single metals were tested simultaneously and revealed
a>10 fold observed variation in single metal sensitivities across the species. A
significant, but weak correlation was found between all three binary combinations
of Ni, Cu and Zn EC10 values, indicating that a something-from-nothing effect is
indeed more likely on a community level. These correlations are probably caused
by similar uptake and detoxification mechanisms of Ni, Cu and Zn, and species
thus mainly differ in their overall metal detoxification strategy. This paves a way
to testing mixtures on communities in which the next step is the assessment of
interactions between species in presence or absence of stress.

3.20.8

Thirty-years of monitoring for metals in airborne particles (PM10) in the
Canadian Great Lakes basin - trends and source apportionment

H. Hung, W. Li, H. Dryfhout-Clark, Environment and Climate Change Canada /
Air Quality Processes Research Section

Canada’s Great Lakes Basin (GLB) Monitoring and Surveillance Program has
been monitoring contaminants in air and precipitation since the 1990s, aiming at
assessing the atmospheric deposition of contaminants to the lakes. Long-term
monitoring for metals in airborne particles (PMio) was conducted at three remote
sites in the GLB; namely Burnt Island (1992-2013), Point Petre (1988-2017) and
Egbert (1988-2008). Nineteen target metals were frequently detected, with
concentrations ranging from not detectable to 850 ng/m’. Dominant metals found
were iron (Fe), zinc (Zn) and copper (Cu). The most populated site of Egbert
shows the highest concentration of metals in PMo, reflecting the anthropogenic
origin of these substances. Changes in usage and emission patterns of metals in
the Great Lakes region may be reflected in their temporal trends measured at these
remote sites. Temporal trends were developed using the digital filtration method
combined with the Seasonal Kendall test. Trend analysis suggested that the
concentrations of most metals decreased significantly with time, with halving
times ranging from 10 to 48 years, reflecting emission reduction during the
sampling period. Sources of metals in the atmosphere were investigated by
various techniques including enrichment factor analysis, positive matrix
factorization analysis, and potential source contribution function analysis. The
United States was found to be the major source area for metals in airborne
particles measured at the three sites, mainly due to higher population and more
industrial and transportation activities.

3.209

High-resolution spatial and temporal monitoring of trace metal speciation in
a major European estuary

M. Abdou, University of Geneva / Inorganic and Analytical Chemistry; M.
Tercier-Waeber, University of Geneva / Department of Analytical Chemistry and
Environmental Science; L. Dutruch, Université de Bordeaux; C. Bossy, University
of Bordeaux; E. Bakker, University of Geneva / Department of Analytical
Environmental Chemistry; J. Schifer, Université¢ de Bordeaux

Trace metal biogeochemical processes are very dynamic and their comprehensive
study requires an accurate high-resolution monitoring at spatial and temporal
timescales. We investigated the behavior of three EU (priority) hazardous
contaminants i.e. cadmium (Cd), lead (Pb), and copper (Cu) along the Gironde
Estuary salinity gradient and performed a diel cycle of measurements at the
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estuary mouth, in a period of intense primary production. Real-time measurements
of the trace metal dynamic fraction, i.e. the potentially bioavailable fraction, were
performed using an antifouling gel integrated microsensors arrays (GIME)
incorporated in an innovative submersible miniaturized multichannel
voltammetric probe. We also quantified metal levels in the (i) dissolved and (ii)
“truly” dissolved phases (< 0.2pm and < 0.02pm, respectively), and the (iii)
particulate phase by Triple Quad ICP-MS. Master physicochemical parameters
and indicators of primary production were also measured. Similar 0.02-0.2pm
dissolved concentrations observed for all metals studied, suggest that the 0.02—
0.2um colloidal fraction does not control Cd, Pb, and Cu transport in this system,
while inter-comparison between dynamic and < 0.02um dissolved fractions
revealed the importance of smaller colloids (< 0.02um) for the distribution of
these trace metals. The first profiles for dynamic and dissolved fractions of Cd, Pb
and Cu showed important variations in proportion of the dynamic fraction along
the salinity gradient and through time (diel cycle). For Cd and Pb, the dynamic
fraction represented between 20 to 100% of the dissolved phase while for Cu it
ranged from 1 to 20%. Biogeochemical processes including organic
(phytoplankton trapping/release, bacterial mineralization....) and inorganic
(mineral-oxide adsorption...) particle-water interactions, may account for changes
in trace metal speciation in space and time. These processes play a major role for
the transport of trace metals under their supposedly most bioavailable fraction.
The obtained results highlight the importance of performing high resolution
monitoring of specific metal fractions coupled to master bio-physicochemical
conditions to determine site-specific controls on metal reactivity, behavior and
fate. In situ bioavailability-based high resolution monitoring methods may greatly
contribute to the understanding of biogeochemical processes as a prerequisite for
ecotoxicological risk assessment of metals and subsequent metal regulations.

3.20.10

Geochemical factors affecting metal solubility in saline waters: implications
for ecotoxicity

B.M. Angel, CSIRO Land and Water / Land and Water; S. Apte, G.E. Batley,
CSIRO Land and Water / Centre for Environmental Contaminants Research
There have been few studies of metal solubility in seawater, kinetics of
precipitation and adsorption, and changes in precipitate composition during aging,
over timescales which are important for exposure pathways in field contaminated
sites and laboratory ecotoxicological tests. The aim of the present study was to
gain insight into the factors affecting aluminium, copper and lead solubility in
seawater to improve exposure pathway predictions. Natural and artificial seawater
test treatments were spiked with Al, Cu and Pb, and incubated for 28 days at 22°C,
pH 8.15+0.05. Unfiltered and filtered (0.001, 0.025 and 0.45 um) subsamples
were taken over 28 days for analysis of dissolved and total metal concentrations
and determination of the limit of solubility. A combination of elemental analysis
and x-ray diffraction (XRD) was employed to investigate changes in Al, Cu and
Pb precipitate composition over the duration of the tests. The limit of solubility of
Al, Cu and Pb in natural seawater was 0.5, 0.6 and 2 mgL"', respectively. At
concentrations up to the solubility limit, the dissolved metal concentrations
stabilised and equalled the total concentration within a few hours. However, in the
test solutions that contained total metal concentrations above the limit of
solubility, the dissolved metal concentrations were dynamic, peaking at
concentrations that exceeded the solubility limit over a timescale of hours to days
before decreasing to values below the solubility limit. Higher total concentrations
resulted in higher peak dissolved concentrations that decreased more rapidly.
Ultrafiltered metal concentrations were always similar to the concentration in the
0.45 um fraction, indicating negligible colloidal Al, Cu and Pb. The presence of
DOC in natural seawater had no effect on the dissolved concentrations of
aluminium or copper but resulted in a higher lead solubility than in artificial
seawater (0.78 mgL"") without DOC, presumably due to lead complexation with
dissolved organic ligands. The composition of the aluminium and copper
precipitates changed as they aged over time, from amorphous AI(OH); and
Cuz2(OH)2CO:s to hydrotalcite (MgsAl.CO3(OH)16.4H20) and clinoatacamite
(Cuz,CI(OH)3), respectively. The precipitate ageing coincided with decreased
solubility, presumably due to a combination of lower limits of solubility of the
aged precipitates and adsorption of dissolved metals onto precipitates. The
composition of the lead precipitate did not vary over time and adsorption is likely
to explain the lower solubility in the presence of precipitates. These findings have
particular relevance for laboratory toxicity testing where there is a need to prepare
test solutions with metal concentrations that span several orders of magnitude. The
study highlights the need for experimental determination of solubility and
characterisation of the mineral phases that precipitate from solution.

The Polar Regions: Pollutants & Environmental Change -
Multiple Stressors, Ecosystem Response and Environmental
Policy

3.21.1

How does Climate Change Affect Contaminants in the Arctic? First Results
from a new AMAP Assessment

K. Vorkamp, Aarhus University / Environmental Science; D.C. Muir,
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Environment and Climate Change Canada / Aquatic Contaminants Research
Division; C. de Wit, Stockholm University / Department of Environmental
Science and Analytical Chemistry ACES; P.W. Bartlett, Fordham University at
Lincoln Center / Social Justice / Education; K. Borga, UiO / Department of
Biosciences; P. Carlsson, Norwegian Institute for Water Research; C. Halsall,
Lancaster University / Lancaster Environment Centre; H. Hung, Environment and
Climate Change Canada / Air Quality Processes Research Section; M. MacLeod,
Stockholm University / Department of Environmental Science and Analytical
Chemistry ACES; M.A. McKinney, McGill University / Department of Natural
Resource Sciences; S. Wilson, Arctic Monitoring and Assessment Programme
(AMAP)

The rapidly increasing temperature in the Arctic has effects on the physical
environment and on ecosystems of the Arctic. These changes can also have
implications for the levels and trends of persistent organic pollutants (POPs)
observed in the Arctic, via changes in emission sources, transport processes and
pathways, partitioning, degradation and exposure of wildlife and humans. The
Arctic Monitoring and Assessment Programme (AMAP) has initiated a new
assessment of effects of climate change on POPs and other contaminants in the
Arctic, addressing the following main aspects: 1) Emissions and long-range
transport of POPs (modelling approaches); 2) Influences on POP distribution and
fate in abiotic media; 3) Food web changes that may impact POP exposure and
accumulation; 4) Climate-related effects on temporal trends of POPs in biota. The
asessment will also address implications of these findings and compile relevant
data and knowledge gaps. Secondary sources can play an important role for the
emissions and global transport of POPs as temperatures increase and the
cryosphere is diminished. Primary emissions may also increase on the local scale,
along with human activities in the Arctic. Emission inventories are key
information in this assessment, but they are still largely missing, in particular for
chemicals of emerging Arctic concern. Atmospheric POP measurements show
recent increases of some volatile compounds, such as hexachlorocyclohexane
(HCH) isomers and some polychlorinated biphenyls (PCBs), which could be
related to volatilization from the sea. Correlations have been found between these
compounds in air and certain climate parameters. As a consequence of changes in
species distribution, food availability and accessibility, dietary composition has
changed for several species, with implications for their POP exposure. To account
for these changes, it will be relevant to monitor dietary biomarkers along with
contaminant concentrations. Correlation studies have indicated associations
between developments of POPs in biota and some climate parameters. While
changes in emissions still seem to be the main driver of the long-term POP levels
in Arctic biota, recent variations in POP levels might be better explained by
climate-related phenomena, including changes in food web structures. Different
driving forces are important factors in an effectiveness evaluation of international
contaminant regulations, such as the Stockholm Convention on POPs.

3.21.2

‘Warmer climate and increasing productivity affect mercury biomagnification
in subarctic lake food webs

N. Kozak, Inland Norway University of Applied Sciences / Department of
Forestry and Wildlife Management; S.A. Ahonen, University of Jyvaskyla /
Department of Biological and Environmental Science; O. Keva, University of
Jyvaskyla / Department of Biological and Environmental Sciences; K. Ostbye,
Inland Norway University of Applied Sciences / Department of Forestry and
Wildlife Management; S. Taipale, University of Jyvaskyla / Department of
Biological and Environmental Sciences; B. Hayden, University of New
Brunswick / Canadian Rivers Institute; K. Kahilainen, University of Helsinki /
Department of Environmental Sciences

Subarctic areas are one of the most pristine regions on Earth, where indigenous
people obtain a significant amount of diet from local fish and game. However,
pollutants and toxic heavy metals like mercury (Hg), which biomagnify in aquatic
food webs, are atmospherically transported across the planet and regularly
deposited in circumpolar regions. In subarctic Fennoscandia, lakes are getting
warmer and more productive by joint effects of rapid climate change and intensive
land-use practices (e.g. forestry actions such as clear-cutting and ditching), with
potentially increasing leaching of Hg into lake ecosystems. Thus, there is an
immediate need to evaluate such environmental changes affect the level and
magnification of toxic materials in food webs. In this study, we tested how the
joint effects of climate and land-use influence mercury levels at the base of the
lake food webs and identify patterns of biomagnification between total mercury
(log10THg) and organism trophic level determined from a stable isotope of
nitrogen (3'°N) ratio. We sampled primary producers (algae) to top consumers,
piscivorous fish, from a series of 19 subarctic lakes situated on a latitudinal (69.0
—66.5° N), climatic (£1.5°C, £15% precipitation) and catchment land-use
gradients (from pristine to intensive forestry areas) in Norway and Finland. Our
results reveal increasingly high THg levels in base of food webs towards warmer
and more productive lakes. This lead to elevated concentrations of Hg in higher
trophic level organisms. However, stronger THg biomagnification was observed
as steeper regression slopes in the northern cold and oligotrophic lakes compared
to warmer and eutrophic southern lakes. These results reveal the complexity of
mercury dynamics, in which warmer climate and more intense land-use elevate
mercury at the base of food webs. The highest mercury levels in locally consumed
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fish species, such as pike; Esox lucius and perch; Perca fluviatilis, were found in
warm and productive lakes suggesting the importance to limit mercury inputs at
the base of a food web. Further studies from lake food webs from other Arctic
regions are needed to test, whether biomagnification slopes are consistently
steeper towards the north.

3.21.3

Deposition of polychlorinated biphenyls to ice cores at opposite polar sites:
Holtedahlfonna, Svalbard and Site M, Antarctica.

M.H. Hermanson, Hermanson & Associates LLC / Environmental Chemistry; E.
Isaksson, Norwegian Polar Institute; R. Hann, Norwegian Technical and Natural
Sciences University; C. Teixeira, D.C. Muir, Environment and Climate Change
Canada / Aquatic Contaminants Research Division

Between 2001 and 2005 we collected ice cores from glaciers and ice sheets that
are nearly polar opposites, Holtedahlfonna, on Svalbard (Lat 79.13 N, Long 13.27
E), and Site M, near the coast in East Antarctica (Lat 75.00 S, Long 15.00 E).
Both sites are remote and at high elevations (Holtedahlfonna, 1150 m.a.s.1., Site
M, 3470 m.a.s.1.) and likely receive contaminant inputs only from long-range
atmospheric transport (LRAT) which may be different in these hemispheres. All
samples were analyzed for 87 PCB congeners in 80 peaks. The core from the
Holtedahlfonna site has a historic record from 1953 — 2005, and Site M, as one
sample, from 1958 — 2000. The qualitative results of PCB congeners from the two
sites show some similarities and differences. Most congeners at both sites are in
TriCB, TetraCB and PentaCB homologues and at Holtedahlfonna these three
comprise 82.5%, and at Site M, 89.2% of ) PCB. Site M PCBs are dominated by
PentaCB (47.6%), while Holtedahlfonna is dominated by TetraCB (44.9%). The
dominant congeners in TriCB through HexaCB are the same at both sites (PCB-
28+31, PCB-70, PCB-101, PCB-138). The total PCB flux at Site M was 51% of
Holtedahlfonna which would only partly be explained by the additional 10-year
record at Holtedahlfonna. We developed an LRAT frequency diagram showing
that sites in South America are sources to Site M more than 2% of the time
between 1958 and 2000, with coverage of all of New Zealand and parts of
southern Australia at a frequency of greater than 0.1%. A similar diagram for
Holtedahlfonna shows greater than 2% coverage of Northern Norway, Sweden,
Finland and the western Kola Peninsula, as well as all of Novaya Zemlya and
Franz Josef Land. The historical trend of PCBs at Holtedahlfonna shows the
lowest flux from 1962-1971 during peak PCB production and use times in North
America. The maximum flux occurred between 1980 — 1988 after PCBs were
being globally restricted from further use. The earliest sample, 1953-1962 had
only slightly lower > PCB flux than the surface sample from 1995 — 2005. There is
no apparent trend to PCB deposition over time at Holtedahlfonna which has been
observed elsewhere on Svalbard. These results suggest that PCB sources have
continued to emit PCBs in the polar airsheds in both northern and southern
hemispheres after the end of new uses in the 1980s.

3.214

Seasonal kinetics POPs in Antarctic pelagic marine waters and consequences
for uptake in benthic organisms

A. Krasnobaev, Wageningen University & Research Centre / Toxicology; G. ten
Dam, DSPsystems; S. van Leeuwen, RIKILT / RIKILT; S. Morley, L. Peck,
British Antarctic Survey, Natural Environment Research Council; N. van den
Brink, Wageningen University / Dept of Toxicology

Persistent Organic Pollutants (POPs) may travel long distance through the
atmospheric, which results in the transport of semi-volatile POPs to colder remote
areas like Antarctica. In this presentation a recent study on the occurrence and
seasonal dynamics of POPs in the coastal marine environment of Antarctica will
be presented and drivers of their local accumulation in benthic organisms
discussed. POPs (PCBs, OCPs and PBDEs) were analysed in seawater from Ryder
Bay near the British Rothera research station at different time points throughout
the season. Benthic organisms with different feeding traits (sea squirt
(Cnemidocarpa verrucose: filter feeder),limpet (Nacella concinna: grazer),sea
urchin(Sterechinus neumayeri: omnivore),sea cucumber (Heterocucummis stein:
detritivore) and sea star (Odontaster validus: predator/omnivore)) were also
collected. POP levels in the water were comparable to other studies, although they
varied over the season. They were highest during melting of the sea ice, after
which they dropped considerably likely due to increasing mixed layer depth of the
water. An algal bloom developed and after its peak POP concentrations declined
further, likely related to sedimentation with the organic particulate. Overall, POP
concentrations in the water differed over 3 orders of magnitude over the season
and results imply rapid depletion of POPs from the pelagic system and an
effective transport to the benthic system. In the benthic organisms POP-levels
differed between the species, PCBs and PBDEs were highest in the limpets and
sea urchins. Of the OCPs, HCB and pp-DDE were found in the highest
concentrations, followed by HCHs, heptachlor and oxychlordane. However, OCP
concentrations generally did not differ among species. Limpets contained POPs
with relatively higher logKow, likely due to their grazing behaviour and their
potentially limited exchange with the water due to their shell. Sea squirts and
cucumbers contained POPs with relatively high water solubility, which may
indicate a water-borne exposure. Overall, the results show that POPs in the
Antarctic marine system are effectively transported from the pelagic to the benthic
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system, which is related to seasonal sea ice dynamics and algal blooms. This is
likely to be specific for sea ice dominated systems, and may change due to climate
change. Once in the benthic system, uptake in organisms is related to species
specific traits and chemical properties.

Tire Wear and Microrubber Particles - From Problems to
Solutions

3.22.1

Towards a global quantification of TRWP Fate & Transport in the terrestrial
and freshwater environment

J. van Gils, M. Weeber, DELTARES; A. Markus, DELTARES / DSC; D.
Vethaak, DELTARES / Marine and Coastal systems

Tire and road wear particles (TRWP) consist of polymer-containing tire tread
material with pavement mineral and binder encrustations. TRWP has been
estimated to be approximately 50% tread, of which about half consists of a
polymeric fraction. In 2018, the first integral model-based catchment scale TRWP
mass balance was developed for the Seine and Scheldt basins (France/Belgium),
describing the environmental fate and transport from road surfaces up to the river-
estuary interface. For the Seine watershed, the TRWP mass generated at source
was estimated as 27,600 t/y. The mass balance indicated that 19% of this mass
was transported to freshwater and 2% was exported to the estuary, indicating
significant trapping in freshwater sediments. This presentation discusses the first
steps towards a continental or global scale TRWP mass balance model. The results
from a sensitivity and uncertainty assessment for the Seine basin were further
analysed to identify the most relevant knowledge gaps and model related
uncertainties, not just for the Seine basin, but in a global modelling perspective.
This resulted in focal points for model development. Recent literature was
surveyed for opportunities to address knowledge gaps and alleviate model
uncertainties. Also based on ongoing or anticipated, yet unpublished research
efforts, a plan was developed for a geographically extended and methodologically
refined TRWP mass balancing approach. A significant upgrade of the terrestrial
fate and transport component of the existing Seine model was designed, aiming to
provide better predictive capabilities for run-off induced transport, especially in
arid regions. This is combined with a much higher spatial resolution of the model
(1 km rather than 15 km), which allows for better predictive capabilities for
“connectivity” between roads and waterways and better description of waterways
morphology, and subsequent particle retention. The new model is being built
using globally available datasets only, to avoid spatial inhomogeneities in model
results. The presentation will include the overall model development plan and
show first results from the above upgrades. The research presented shows how
model refinement and extension is expected to lead to a global quantification of
TRWP Fate & Transport in the terrestrial and freshwater environment in the years
to come. This is an important basis for an enhanced global risk assessment of
TRWP and cost-effective mitigation.

3.22.2

Quantification and characterization of tire and road wear particles in size-
fractionated samples from road environments

P.E. Kloeckner, Helmholtz Centre for Environmental Research GmbH - UFZ /
Analytical Chemistry; B. Seiwert, T. Reemtsma, Helmholtz centre for
environmental research - UFZ / Analytical Chemistry; S. Wagner, Helmholtz
Centre for Environmental Research GmbH - UFZ / Analytical Chemistry

One of the main contributors to non-exhaust emissions are tire and road wear
particles (TRWP). TRWP are heteroaggregates consisting of rubber particles
abraded from tires and other particles that are deposited on the road surface.
TRWP can be quantified by the use of marker substances, such as for example Zn.
Derivatives of Benzothiazole, antiozonants and guanidine vulcanization
accelerators are commonly present in tires and have been identified in tire
particles as well as in environmental samples. In this study, samples from road
environment were analyzed for TRWP contents and concentrations of selected
organic analytes both in whole samples and in size fractions obtained by wet-
sieving. TRWP was determined by Zn content in density enriched fractions using
ICP-MS after microwave assisted acid digestion. Organic analytes were analysed
with UPLC-TOF-MS after extraction with isopropanol, evaporation to dryness
and reconstituion in 50% methanol. Road dust collected by road sweeping cars in
the city of Leipzig (Germany), sediments from a highway runoff treatment facility
in Berlin (Germany) and sediments from sedimentation ponds for runoff from
highway A38 close to Leipzig were analyzed. The concentrations of TRWP in
whole samples ranged from 3.7 to 480 mg/g. Samples from the treatment system
in Berlin had by far the highest concentrations. The concentrations in road
sweeping dust were similar between the different samples (6.7 — 9.4 mg/g). For
the system from highway A38, concentrations were lower in the sampling spots
close to the inlet of the pond than at the outflow of the ponds. Concentrations of
organic analytes ranged from low ng/g concentrations to several hundreds of ng/g.
Principal component analysis was conducted on the concentration of organic
analytes and showed a clustering of samples depending on their origin. Three
compounds with high influence on the first principal component were identified.
Strong and statistically significant correlations between these substances and
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TRWP concentrations were obtained. TRWP content and concentrations of
organic analytes were also determined in size-fractions of wet-sieved samples.
Size classes with highest TRWP concentrations varied between sample types.
Findings suggest that TRWP size distribution differs depending on road type and
may change with distance to the source. Acknowledgement - The authors thank
Berliner Wasserbetriebe, Stralenreinigung Leipzig and Autobahnmeisterei
Leipzig for provision of samples and the BMBF for funding the MiWa project
(reference number 02WRS1378H).

3.22.3

Analysis of tire wear particles in soil samples from roadside using TED-GC-
MS

A. Miiller, Bundesanstalt fiir Materialforschung und -priifung / Bundesanstalt fiir
Materialforschung und -priifung; M. Vogler, University of Tuebingen / Center of
Applied Geoscience; P. Grathwohl, Uni Tiibingen / Center for Applied
Geoscience; B. Kocher, Bundesanstalt fiir StraBenwesen; U. Braun, Bundesanstalt
fiir Materialforschung und -priifung

Tire wear particles (TW) are generated by the abrasions of tires on the road
surface through traffic. These particles can be transported by air and surface
runoff and might also infiltrate the soil and consequently affect terrestrial
ecosystems. The estimated tire wear (TW) emissions are immense, with 1.33 106 t
a-1 in Europe [1]. Despite this, only little is known about the environmental
contents or the fate of TW. One reason for this knowledge gap is the challenging
analysis of TW in environmental samples. Detection of TW with spectroscopic
methods is problematic due to high fluorescence interferences caused by
contained black carbon. One analytical approach is to use zinc (Zn), a typical
additive in tires, as a specific marker for the quantification of tire wear. However,
any Zn originating from the sample matrix must be separated beforehand and
requires elaborate sample preparation [2]. Car tires consist partly of synthetic
rubbers, such as styrene-butadiene-rubber (SBR). This SBR could be identified
and quantified via Thermal-Extraction-Desorption-Gas Chromatography-Mass
Spectrometry (TED-GC-MS) [3]. This newly developed and fast screening
method allows the simultaneous detection of microplastics and TW mass contents
and requires minimal to no sample preparation. Firstly the sample is thermally
extracted in a thermobalance under a nitrogen atmosphere. The resulting specific
decomposition products are sorbed on a solid phase adsorber, which is then
transferred to a GC-MS via an autosampler, where the products are desorbed,
separated and identified. Cyclohexenylbenzene is used as a specific marker for
SBR. Here we investigated top layer soil samples, collected at the roadside of
highly frequented German highways. Samples were analyzed without sample
preparation, and SBR was detected in all investigated samples in mass contents
ranging from 67.2 to 2230 mg kg-1. A correlation between SBR and Zn content in
the soil was confirmed, while the correlation between SBR and Corg was hardly
pronounced. We successfully demonstrated the application of TED-GC-MS as a
screening method for tire wear in soil samples. The present study will discuss
these analytical results in detail as well as sampling parameters like sampling
depth and distance to the roadside, and the effect of the particle size on the particle
transport by water runoff and air. References 1. Wagner, S.; Hiiffer,
T.; Klockner, P.; Wehrhahn, M.; Hofmann, T.; Reemtsma, T. 2018, Tire wear
particles in the aquatic environment - A review on generation, analysis,
occurrence, fate and effects. Water Res. 139, 83-100. 2. Klockner, P.;
Reemtsma, T.; Eisentraut, P.; Braun, U.; Ruhl, A. S.; Wagner, S. 2019, Tire and
road wear particles in road environment — Quantification and assessment of
particle dynamics by Zn determination after density separation. Chemosphere 222,
714-721. 3. Eisentraut, P.; Diimichen, E.; Ruhl, A. S.; Jekel, M.; Albrecht,
M.; Gehde, M.; Braun, U. 2018, Two Birds with One Stone—Fast and
Simultaneous Analysis of Microplastics: Microparticles Derived from
Thermoplastics and Tire Wear. Environ. Sci. Tech. Let 5 (10), 608-613.

3.224

The Effects of Tire Rubber Particles and Their Leachates on the Baltic Clam
(Limecola balthica)

P. Nakki, Finnish Environment Institute SYKE; A. Ahvo, R. Turja, E. Sainio,
Finnish Environment Institute SYKE / Marine Research Centre; A. Koistinen, S.
Hartikainen, University of Eastern Finland / SIB Labs; S. Peréniemi, University of
Eastern Finland / School of Pharmacy; K.K. Lehtonen, O. Setild, Finnish
Environment Institute SYKE / Marine Research Centre; M. Lehtiniemi, Finnish
Environment Institute, Marine Research Centre / Marine Research Centre

Tire wear particles (TWP), generated from tires undergoing friction on the road,
are proposed to be one of the largest sources of secondary microplastics. Tires
consist of a complex mixture of natural and synthetic rubber polymers, carbon
blacks, process oils, vulcanization chemicals, fillers and antidegradents. Some
components of tire rubber (e.g. heavy metals and polycyclic aromatic
hydrocarbons, PAHs) can leach out from TWP and cause harm to aquatic
organisms. Due to the high volume of emissions and the chemical risks accosiated
to TWP, there is a need to quantify the ecotoxicological effects of these
micropollutants. The aim of this study was to follow the leaching of PAHs and
heavy metals from tire rubber particles, and to investigate their accumulation to
and effects on one of the key invertebrate species inhabiting the soft bottoms of
the northern Baltic Sea, the Baltic clam (Limecola balthica). The study was
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performed using irregular tire rubber fragments (2—190 pm) cryo-grinded from
used and recycled car tires, that were added to the mesocosms in concentrations
representing their occurrence in the natural sediments (approx. 1.4 g/kg of dry
sediment). The experiment consisted of acute (4 days) and chronic (1 month)
exposures, and the clams were exposed either directly to the particles or indirectly
to their leachates. The leaching of contaminants from tire rubber was verified by
analysing water samples throughout the experiment, and their uptake by clams
was analysed from tissues at the end of the experiment. The impacts of exposure
were studied by combining physiological biomarkers to histopathological
examination of clam tissues (gills, foot, and digestive gland). The results show
leaching of heavy metals (especially zinc) and PAHs from tire rubber to seawater.
For example, the concentrations of indeno[1,2,3-cd]pyrene and
benzo[ghi]perylene measured from the water exceeded their environmental quality
standards, indicating a potential risk for the clams. The exposure to tire rubber did
not affect the survival of the clams, but accumulation of both heavy metals and
PAHs to clam tissues were observed. The preliminary results of the integrated
biomarker response also show an elevated stress in clams chronically exposed to
tire rubber. The results demonstrate the potential of environmentally relevant
concentration of tire rubber particles to affect the clams and emphasize the
importance of tire rubber as a yet understudied environmental contaminant.

3.225

Comparison of chemical characteristics and biological effects of microrubber
particle and leachate exposures from a pristine and road-worn tire to
Hyalella azteca

L.L. Halle, A. Palmqvist, Roskilde University / Science and Environment; K.
Kampmann, A. Jensen, T. Hansen, Danish Environmental Analysis; F. Khan,
Roskilde University / Science and Environment

Acute and long-term biological effects of tire wear particles from a pristine tire
(PT) were tested on Hyalella azteca, a freshwater amphipod, and compared to
previous data from a worn tire tire (WT) of same make and model. Chemical
characteristics (organics and metals) of both PT and WT particles and their
respective leachates, extracted at 25°C, were investigated. The acute (48 h)
mortality of H. azteca when exposed to the tire wear particles and leachate were
studied. PT particles were more toxic (LCso 0.19 + 0.03 mg/mL) than WT (LCso
0.91 + 0.06 mg/mL), whereas leachate from WT and PT were not different. The
leachate exposure data did not conform to a sigmoidal curve, and thus no LCso
value could be derived from these. Instead, comparing graphs it is evident that PT
leachate is less toxic than PT particles throughout the concentration range,
whereas WT leachate is more toxic in low concentrations until a plateau is reached
after which WT particles become the more toxic component. Chemical
characteristics of PT and WT particles and leachate were quantified by GC-MS
and ICP-MS. Four compounds leached out to the water phase regardless of tire
type: benzothiazole, indene, aluminium and zinc. Of these PT leachate had a
slightly larger contribution of especially zinc, at the highest measured
concentration in leachate at 5.53 pug g”', albeit this concentration is 29 times lower
than that of PT particles, and did not seem to change the toxicity effect of the two
types of leachate. In long-term tests PT particles had greater effects on growth and
reproduction (0.12 mg/mL for both) than WT (0.28 mg/mL for both). Particles
from PT contained 49 times more copper, 8 times more 1-octanethiol, 5 times
more lead and 3 times more iron, phenanthrene and anthracene than WT particles,
suggesting these might play a part in the increased toxicity observed with PT
particles in both acute and longer-term tests. Considering the presence of different
chemicals in particle and leachate fractions, the mechanism(s) behind toxicity
continues to be of interest. Most of the tested PAHs and metals were not present in
tire wear leachate at all, and were only present in equally low amounts in both WT
and PT particles, hence they cannot explain the differing toxicity of these.
Therefore, future efforts should be put into investigating other organic compounds
such as antioxidants and ozonates that are added in the fabrication of tires.

Trace Metal Biogeochemistry and Fate in Ecosystems

3.23.1

Effects of metal mixture and temperature stress on metal accumulation and
ionoregulation in Cyprinus carpio.

G. Castaldo, University of Antwerp / Biology; M. Pillet, La Rochelle Université /
LIttoral ENvironnement et Sociétés; B. Slootmackers, Systemic Physiological and
Ecotoxicological Research (SPHERE), University of Antwerp / Department of
Biology; L. Bervoets, University of Antwerp / Biology; R. Blust, Systemic
Physiological and Ecotoxicological Research (SPHERE), University of Antwerp /
Department of Biology SPHERE Research Group; G. De Boeck, Systemic
Physiological and Ecotoxicological Research (SPHERE), University of Antwerp /
Department of Biology (SPHERE Research Group)

Metal toxicity is often studied on an individual basis, but considering that we
cannot predict the toxicity of a metal mixture on the basis of single compounds
only, it is important to study mixture toxicity in order to understand the impact of
pollution in the aquatic environment. Several studies already pointed out the
adverse effects caused by waterborne metals as single and binary mixtures
together with other stressors such as temperature. However, it is more difficult to
find information on ternary mixtures using environmentally relevant
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concentrations at different temperatures. Therefore, with the present study we will
try to answer the following question: “Is the temperature a determining factor for
metal toxicity and bioaccumulation in a long term exposure scenario?”. In order to
answer this questions we ran two parallel experiments for 27 days at 20°C and at
10°C, using a nominal metals mixture of Cu: 0.08 uM; Cd: 0.03 uM and Zn: 3.16
puM. The parameters investigated were metal bioaccumulation, disturbances in
ionoregulation and induction of defensive mechanisms such as metallothionein
gene induction. Our results in general show a rapid increase in Cu and Cd, with
differences between the two temperatures that can only be observed from one
week of exposure onwards. No ion loss was observed due to metal exposure for
either temperature, however lower electrolyte levels were observed in fish
exposed to 10°C. Regarding the defensive mechanisms an induction of
metallothionein gene expression was recorded during the whole experiment.

3.23.2

Metal bioaccumulation in macroinvertebrates: linking body burdens to the
chemical and biological quality of water bodies

B. Slootmaekers, Systemic Physiological and Ecotoxicological Research
(SPHERE), University of Antwerp / Department of Biology; G. Castaldo,
University of Antwerp / Biology; R.M. Town, G. De Boeck, Systemic
Physiological and Ecotoxicological Research (SPHERE), University of Antwerp /
Department of Biology (SPHERE Research Group); S. Van Dongen, Evolutionary
Ecology Group (EVECO), University of Antwerp / Department of Biology; R.
Blust, Systemic Physiological and Ecotoxicological Research (SPHERE),
University of Antwerp / Department of Biology SPHERE Research Group; L.
Bervoets, University of Antwerp / Biology

Many surface waters nowadays remain under threat by ongoing human activities
or historic contamination. Even under the obligations of the EU Water Framework
Directive (WFD), numerous rivers and streams have poor chemical status, i.e.
pollutant concentrations exceed the current Environmental Quality Standards
(EQS). However, poor chemical status does not necessarily correspond to poor(er)
ecological status of the water body. The overall ecological status, as defined by
the WED, comprises biological, hydromorphological and physicochemical quality
elements. In the Flanders region of Belgium, the biological quality metrics include
the Multimetric Macroinvertebrate Index of Flanders (MMIF); where an MMIF
larger or equal to 0.7 is considered to be good. In terms of the chemical and
biological quality metrics, a location may fall into one of four categories: (1) good
biological quality + good chemical quality; (2) poor biological quality + poor
chemical quality; (3) good biological quality + poor chemical quality (4) poor
biological quality + good chemical quality. Our initial field study focused on the
third scenario for the case of metal ions, i.e. the EQS is exceeded, but the
biological quality (MMIF) is considered to be good. The dataset has then been
expanded to include all four scenarios, covering a total of 26 locations and more
than 25 taxa. Others have already focused on the relationship between
bioaccumulation in macroinvertebrates and the ambient total dissolved
concentrations, or described changing community metrics with environmental
concentrations. However, few have made a direct link between biological quality
and macroinvertebrate metal bioaccumulation. As is often the case, rivers and
streams are not only subjected to a single stressor; the ecological status derives
from the overall habitat quality, which is affected by many interdependent
physical and chemical factors, including e.g. hydrodynamic conditions in the
water body, suspended particulate matter, dissolved oxygen, light intensity,... By
characterizing the exposure patterns in terms of metal speciation in the water
(dissolved, total, free M"*, modeled) and the sediment (total, Simultaneously
Extracted Metals - SEM, Acid Volatile Sulfides - AVS), we are investigating (i)
whether biological quality can be partially explained by bioaccumulation, and (ii)
if the chemical speciation in the exposure medium is related to the
bioaccumulation in macroinvertebrates.

3.23.3

Evaluating the transport and fate of metal-bearing tailings dust into surface
water

A. Cleaver, Queens University / Geological Sciences and Geological Engineering;
H. Jamieson, Queen's University / Department of Geological Sciences and
Geological Engineering; C. Rickwood, P. Huntsman, Natural Resources Canada
In this study, an abandoned mine site in Canada with apparent aerial erosion of
the tailings area and with nearby water bodies was investigated to assess the
transport and fate of metal-bearing mine dust into surface water. A variety of dust
sampling methods were used including passive air samplers, a high volume air
sampler, rain catchers and sieved tailings samples (as a proxy for windblown
dust). To provide a better understanding of seasonal trends and correlation to
climate conditions, dust sampling was completed seasonally, occurring every three
to four months from December 2017 to April 2019. Bulk geochemistry and
mineralogy of the sieved tailings and filters was conducted to determine metal
concentrations and the primary and secondary metal-bearing phases. Identification
of these mineral phases is important because any potential metal leaching is
partially controlled by the solubility of the minerals. Results indicate that metal-
bearing phases present in the dust include a variety of sulfide, carbonate and
(oxy)hydroxide minerals. For example, at least five different zinc-bearing
minerals were found which would each uniquely interact with surface water. To
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investigate how the dust and identified mineral phases react in water, shaker flask
tests were conducted. Metal concentrations in the shaker flask leachate were found
to be elevated indicating that some metal-bearing minerals within the tailings dust
are partially water soluble and capable of leaching metals into the environment.
The shaker flask test leachate chemistry and water samples collected on-site were
assessed using a geochemical modelling software (PHREEQC) to better
understand dust-water interactions, by investigating potential mineral dissolution
and precipitation reactions. This information, combined with dust deposition rates
and distribution patterns will help evaluate the potential risk tailings mine dust
poses to aquatic environments.

3.234

Plant and microbiota-dependent effects on arsenic behaviour in the soil-plant
system

H. Guan, University of Bern / Soil Science Group; V. Caggia, University of Bern /
Institute of Plant Sciences; M.C. Crespi, X. Liu, A. Mestrot, University of Bern /
Soil Science Group; K.B. Schlaeppi, University of Bern / Institute of Plant
Sciences; M. Bigalke, University of Bern / Soil Science Group

Arsenic (As) is a trace metalloid known as “the king of poisons”. As is also a class
one carcinogen and its high toxicity correlates with a host of human diseases e.g.
skin cancer. The speciation of As largely regulates its mobility, bioavailability and
toxicity in the environment. As speciation is not only driven by inorganic
parameters (pH, DOC), but also controlled by the interactions with plants and
microbiota. Soil microbiota can enzymatically transform As from inorganic to
less-toxic organic forms. We performed an experiment to investigate the effects of
plant and soil microbiota on As behaviour in the soil-plant system as well as the
physiological and biochemical responses of maize plants to As exposure. In the
experiment, we set up nine experimental groups: three soil treatments (normal soil
(NS), sterilized soil (SS) and first-sterilized soil reconditioned with microbiome
(SM)) intersecting with three As concentration groups (0, 100 and 200 ppm). In
each treatment group, 10 pots with maize plants and three pots without maize
were cultivated. For the As treatments we spiked soils with different levels of As.
After soil incubation for two months allowing for the equilibration of As with
soils, we grew 99 maize plants and regularly determined As speciation in soil
water with HPLC-ICPMS. The sum of organic As species showed positive
correlations with DOC in soil water but negative relations with the pH values,
which indicates that pH and DOC are two controlling factors regarding As
methylation in the soil environment. Moreover, the maize phenotyping data
revealed the harzadous physiological effects of As on plant health. With the
increasing of As concentrations and the disturbtion of soil microbiome by initial
sterilization, plants experienced smaller plant height, lower chlorophyll content
and greater damage scale on leaves. Overall, microbiome do play a key role in As
speciation and its effects on plant health, not only shown as the As concentration
pattern, but also seen in the corresponding variation of As negative effects on
plant growth (SS > SM > NS). Until SETAC Conference we will analyse the
malondialdehyde concentrations to reveal the biochemical responses to As in
plants. We will furthermore analyse various plant tissues (leave, stem, root and
kernel) by means of ICP-MS and HPLC-ICPMS to determine the concentrations
and speciation of As in the soil-plant system, which gains us a better
understanding of As bioavailability to plants.

Water Quality under Pressure - Understanding Fate and
Effects of Organic Pollutants in Rivers by Integrating Field,
Laboratory and Modeling Approach

3.24.1

Measured and predicted natural estrogens from agriculture in tributaries of
Lake Baldegg in Switzerland

D. Rechsteiner, Agroscope / Environmental Analytics; E. Vermeirssen, Ecotox
Centre CH / Aquatic Ecotoxicology; E. Simon, Centre Ecotox / Aquatic
Ecotoxicology; M.K. Schneider, Agroscope / Forage Production and Grassland
Systems; J. Hollender, Eawag / Department of Environmental Chemistry; T.D.
Bucheli, Agroscope / Environmental Analytics

Estrogens in surface waters might have negative effects on reproduction and
development of aquatic organisms [1]. Agriculture may be a significant source for
natural estrogens in surface waters [2]. Therefore, we aimed to investigate
systematically the prevalence of agriculturally derived estrogens in Swiss surface
waters to understand better the exposition of aquatic organisms to estrogens. Our
surface water monitoring campaign took place in the catchment of Lake Baldegg,
which sustains the highest husbandry animal densities in Switzerland. At the
beginning of the vegetation period 2019, we collected daily time-proportional
composite water samples for 30 days of five Lake Baldegg tributaries. None of the
sampling sites contained effluents of wastewater treatment plants. Thereby, we
ensured that we measured only agriculturally derived estrogens. We conducted a
liquid-liquid extraction, quantified estrone (E1), 17a-estradiol (E2a), 17f-estradiol
(E2B) and estriol (E3) chemically with LC-MS/MS. Furthermore, daily discharge
was measured for every sampling site to calculate the loads of natural estrogens in
Lake Baldegg tributaries. In a second step, we predicted estrogen loads emitted to
tributaries during our study period. First, we conducted a slurry monitoring to
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determine average natural estrogen concentration in Swiss cattle and pig slurry.
We calculated annual estrogen loads produced per catchment based on livestock
numbers per catchment, estrogen concentrations in slurry and volume of slurry
produced per species annually [3]. Slurry-derived estrogens were recovered in
drainage water of a drainaged test field and likewise the emission rate to surface
waters was calculated. The emission rate was multiplied by loads of slurry
produced in a catchment to predict estrogen loads emitted to surface waters. These
were substantially lower than measured estrogen loads in Lake Baldegg
tributaries. We explain this underestimation by uncertainties in the volume of
slurry applied by the farmers as well as in the emission rate. 1.

Vethaak, A.D., et al., Chemosphere, 2005. 59(4): p. 511-524.
2. Johnson, A., R. Williams, and P. Matthiessen, Science of the
Total Environment, 2006. 362(1): p. 166-178. 3. Walther, U., J.
Rieser, and R. Fliesch, FAL Agroscope Reckenholz. Ziirich, 2001.

3.24.2

Enrichment and attenuation of organic contaminants in an urban creek
during a rainfall event

B. Awonaike, University of Toronto, Scarborough / Physical and Environmental
Science; Y. Lei, University of Toronto / Physical and Environmental Sciences; A.
Parajulee, University of Toronto / Department of Physical and Environmental
Sciences; C.P. Mitchell, F. Wania, University of Toronto, Scarborough /
Department of Physical and Environmental Sciences

Urbanization is a global phenomenon characterized by changes in land use. With
increased urban landcover comes the creation of more impervious surfaces, which
in turn results in increased runoff after a precipitation event. Watershed
urbanization provides a mechanism for the transport of contaminants to surface
waters. Mimico Creek watershed is a highly urbanized watershed in Toronto,
Canada, which drains into Lake Ontario. In this work, we monitored the
concentrations of four groups of organic contaminants - Polycyclic Aromatic
Hydrocarbons (PAHs), Substituted Polycyclic Aromatic Hydrocarbons (SPAHs),
Organo—phosphate Flame Retardants (OPFRs) and Benzotriazole Ultraviolet
Stabilizers (BT-UVs) in Mimico Creek. These concentrations were monitored
before, during and after a major rainfall event in the summer of 2018. The aim of
this was to explore the significance of stormwater as a source of contaminants to
the stream and to observe the change in concentration of these contaminants in the
stream during precipitation. Results indicate that the different contaminants
behave differently as stormflow increases and decreases over time. Some
contaminants show a sudden spike in concentrations, which coincides with the
beginning of stormflow, while others show a dilution pattern. Our results suggest
that in addition to land use, the nature of a contaminant and its phase partitioning
properties influence its behavior in an urbanized watershed during precipitation.
We also derived the sediment-water partitioning coefficient (Kd) for some
chemicals from the measurements and observed that it changes during the course
of the event, likely due to input of sediments with higher sorptive properties.

3.24.3

Assessing the mixture effects in in vitro bioassays of chemicals occurring in
small agricultural streams during rain events

B. Escher, Helmholtz Centre for Environmental Research GmbH - UFZ / Cell
Toxicology; G. Braun, UFZ - Helmholtz Centre for Environmental Research; W.
Brack, Helmholtz Centre for Environmental Research UFZ / Effect-Directed
Analysis; E. Carmona Martinez, Helmholtz Center for Environmental Research -
UFZ GmbH / Effect-Directed Analysis; R. Gunold, UFZ - Helmholtz Centre for
Environmental Research; M. Koenig, Helmholtz centre for environmental
research - UFZ / Cell Toxicology; M. Krauss, Helmholtz centre for environmental
research - UFZ / Effect-Directed Analysis; S. Knillmann, Helmholtz-Centre for
Environmental Research (UFZ) / System-Ecotoxicology; L. Liebmann, UFZ -
Helmholtz Centre for Environmental Research / System-Ecotoxicology; M. Liess,
Helmholtz centre for environmental research - UFZ / System-Ecotoxicology; R.
Schaefer, University Koblenz Landau / Institute for Environmental Sciences; R.
Schlichting, Helmholtz Centre for Environmental Research UFZ / Cell
Toxicology; T. Schulze, Helmholtz Center for Environmental Research - UFZ /
Effect-Directed Analysis; P. Vormeier, UFZ - Helmholtz Centre for
Environmental Research / System-Ecotoxicology; O. Weisner, Helmholtz-
Zentrum fiir Umfeltforschung - UFZ / System - Ecotoxicology; P.A. Neale,
Griffith University / Australian Rivers Institute

Small streams can be impacted by micropollutants from both point and diffuse
sources, including wastewater effluent and agricultural run-off. The current study
aimed to assess the chemical burden in small agricultural streams after rainfall
events using a combination of in vitro bioassays and chemical analysis. The water
samples were extracted with solid-phase extraction and run in bioassays indicative
of activation of the aryl hydrocarbon receptor (AhR), binding to the peroxisome
proliferator-activated receptor (PPARY), activation of the estrogen receptor (ER)
and oxidative stress response. A wide dynamic range in effect and chemical
concentration was observed. Iceberg modelling using the bioanalytical equivalent
concentration (BEQ) approach was applied to understand which chemicals were
contributing to the observed effect. The effect of chemicals detected at high
concentrations or likely to contribute to the observed effect were fingerprinted in
the assays. Iceberg modelling demonstrated that the detected chemicals only
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explained a small fraction of the effect (e.g. often < 1%), indicating that a large
number of unknown chemicals present in the extracts were having an effect. The
contribution of detected chemicals to the known fraction of effect (i.e., the tip of
the iceberg) was calculated and mixtures of the top 17 chemicals explaining the
known fraction of the effect were prepared for one hundred mixtures in the
concentrations ratios they occurred in the tested water samples. The experimental
mixture effects were compared with the “tip of the iceberg” mixture effects, which
were experimentally determined based on the concentration ratios of the
chemicals present in the water samples. These experimental mixtures generally
agreed well with the predictions by the mixture model of concentration addition.
Opverall there was a high diversity of chemicals in the samples during rain events,
though a few chemicals such as 2-benzothiazole sulfonic acid, diclofenac and
diuron were important contributors to the mixture effects in different assays. This
study shows that small streams can have a considerable micropollutant burden,
emphasizing the need for re-evaluating regulatory monitoring measures that are
based on a few selected chemicals.

3.244

Assessing benthic bioaccumulation of polychlorinated dioxins/furans
(PCDD/Fs) and polychlorinated biphenyls (PCBs) in the lower Passaic River
(NJ, USA) based on in situ passive sampling

R. Lohmann, M. Khairy, University of Rhode Island / Graduate School of
Oceanography

Passive sampling has emerged as a promising tool to assess the presence of
hydrophobic organic contaminants (HOC) in water, sediment and biota, such as
polychlorinated dibenzo-p-dioxins/furans (PCDD/Fs) or polychlorinated
biphenyls (PCBs). Previous work evaluated the ability of passive samplers to
predict bioavailability of sedimentary HOCs mostly in the laboratory, often for
marine organisms. The current study assessed the use of low density polyethylene
(LDPE) to derive freely dissolved concentrations of PCDD/Fs and PCBs in
porewater in situ versus ex situ, and in river water. The LDPE-based multisampler
system was deployed at four locations along the lower Passaic River (NJ) in
sediment and water column, where sediment and benthic species samples were
also collected. Good agreement was generally observed for PCDD/F and PCB
concentrations comparing in situ and the ex situ approaches (within 0.30 — 39%).
Significant linear relationships were observed between log LDPE based — log
lipid-based concentrations of PCDD/Fs and PCBs. Porewater passive samplers
yielded better correlations than those obtained by using sediment OC,0C + BC or
riverwater to predict lipid-based concentrations. This implies that the accumulated
amounts of HOCs in LDPE sheets deployed in sediments are better predictors of
lipid-based concentrations of HOCs and that the proposed porewater in situ LDPE
based sampler could be effectively used to predict the bioaccumulation of HOCs
in biota, or at least be used as a screening tool to estimate the potential for
bioaccumulation.

3.245

Aquatic system pollution: A long way to reach water sustainability in
developing countries Case study of Kinshasa (RD Congo)

A. Laffite, University of Geneva / Institut Forel; D. Al Salah, UNIGE /
Department F.A. Forel of environmental and aquatic sciences; J. Otamonga,
Université Pédagogique Nationale; J. Poté, University of Geneva / Department
F.A. Forel of environmental and aquatic sciences

Anthropogenic activities are responsible of the introduction of an increasing
number of contaminant in adjacent aquatic systems by the inflow of effluents from
various origins such as municipal and industrial treated wastewater or
urban/agricultural runoff. This contamination represent a major threat to human
health and aquatic organisms as contaminants can return to the food chain. The
situation is particularly alarming in developing countries, as freshwater is a major
public resource. A large proportion of the population suffering of social and
economic difficulties broadly use highly contaminated surface water, shallow
wells and borehole for irrigation, domestic and drinking purposes. We propose to
assess the impact of anthropogenic activities on the distribution of pollutant in
aquatic systems of Kinshasa. 15 wells and 4 rivers (3 sampling point per river)
were sampled for water and sediment in Kinshasa vicinity, Republic Democratic
of the Congo. Samples were subjected to micro pollutant analysis (toxic metals,
polychlorinated biphenyls (PCBs), organochlorine pesticides (OCPs), poly
brominated diphenyl ethers (PBDEs) and polycyclic aromatic hydrocarbons
(PAHs)), bacterial contamination detection (E. coli, Enterococcus and
Pseudomonas spp.) and antibiotic resistance gene detection and quantitation
(ESBLs and carbapenems). The study reveals a high contamination of the studied
aquatic systems by micropollutants including toxic metals (particularly Cr, Cu,
Zn, and Hg), PCBs (£7PCB: 11.05 — 169.29 pg kg™'), PAHs (213PAHs: 128.71 -
2256 pg kg'), OCPs (26DDTs: 1.23-270.4 pg kg™') and PBDE (Z6PBDEs: 1.48 —
27.9 pg kg™); the contamination of wells (managed and unmanaged) and rivers by
faecal indicator bacteria (FIB) and the dissemination of extending f3-lactamases
resistance and multidrug resistant bacteria in rivers. The results demonstrates the
strong dissemination of various pollutants including toxic metals, PAHs, PCBs,
PBDEs, OCPs, faecal indicator bacteria and antibiotic resistance genes by
probable multiple diffuse pollution sources including the absence of solid waste
regulation, open defecation and inadequate sewage collection near the site studied.
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In most developing countries, rivers serves as a basic network for human and
animal consumption as well as irrigation for fresh urban produces. The high level
of pollutant indicate the human and environmental potential risk and the need to
develop an efficient surveillance and protection of surface water.

3.24.6

Monitoring and modelling antibiotic resistance in a Southeast Asian river
catchment

A. Ott, G. O'Donnell, Newcastle University / School of Engineering; N. Tran,
National University of Singapore / NUS Environmental Research Institute; M.
Haniffah, universiti teknologi malaysia; J. Su, Chinese Academy of Sciences /
Institute of Urban Environment; K. Gin, National University of Singapore / Civil
& Environmental Engineering; M. Goodson, Newcastle University Malaysia; Y.
Zhu, Chinese Academy of Sciences / Institute of Urban Environment; D.W.
Graham, Newcastle University / School of Engineering

The global increase of antimicrobial resistance (AMR) is among the greatest
threats to human, animal and environmental health. The prevalence of AMR in
rivers, including antibiotics, resistant bacteria (ARB) and genes (ARG), is greatest
in low-and-middle-income countries (LMICs), where antibiotics are used less
prudently and waste management is inconsistent. However, predicting AMR
exposure is difficult because monitoring programmes rarely include antibiotic,
ARB or ARG indicators. As such, an urgent need exists to characterise AMR in
rivers in LMICs, both to define current conditions, but also to develop models for
predicting conditions with limited data. This research combines new monitoring
data with a hydrologic-AMR tracking model to predict AMR exposures in
catchments in LMICs. This model can help local stakeholders to identify optimal
interventions to reduce the health risk of AMR 1in rivers, including engineering
and social options. Water samples were collected at eight locations during two
seasonal campaigns across a rural-to-urban Malaysian river catchment. Analyses
included standard water quality parameters, stream flow, antibiotic concentrations,
culturable resistant bacteria, resistomes and microbiomes. A model using HSPF
BASINS was developed to simulate AMR transport in the catchment. Monitoring
showed culturable ESBL and carbapenem resistant coliform counts increase by
two and one log10 respectively, as one moves from rural to urban parts of the
catchment, although side tributaries caused spiked increases at intermediate
locations. ARG and antibiotic concentration data suggest a similar trend with
AMR pollution accumulating along the river. In the catchment, 13/22 monitored
antibiotics were detected, with amoxicillin and ciprofloxacin exceeding predicted
no effect concentrations for resistance selection. This was most notable during the
dry season, where significantly higher antibiotic concentrations were observed
compared to the wet season. Statistical comparisons of the collected data with
national sampling data show river dissolved oxygen level is a good surrogate for
predicting AMR exposure. As such, dissolved oxygen was used to model AMR
transport in HSPF, which is being tested against new AMR data.

Assessment and Management of Wastewater Effluents

4.01.1

Assessing Risk to Sewage Treatment Plants from Upstream Chemical Spills:
A Combined Screening/Modelling Management Approach

J.D. Hader, Stockholm University, ACES / Department of Environmental Science
and Analytical Chemistry; M. Frenzel, Képpalaforbundet; M. MacLeod,
Stockholm University / Department of Environmental Science and Analytical
Chemistry ACES

The microorganisms utilised in the biological purification step of municipal
sewage treatment plants (STPs) are exposed to a wide range of chemicals emitted
into wastewater from industrial facilities upstream. There are several known cases
where industrial down-the-drain spills of large amounts of chemicals have led to
toxic shock of the microorganisms at the recipient STP. Toxic shock events can
result in a prolonged (on the order of weeks to months) decrease in efficiency or
complete inhibition of the pollutant removal typically affected by the
microorganisms. This work outlines a methodology for identifying upstream
facilities that use chemicals which if spilled—based on their amounts and
toxicities—pose a risk to the purification capabilities of a recipient STP. We use
the Képpala STP near Stockholm, Sweden as a case study. Data on the maximum
amounts of industrial products held in stock were collected for 59 facilities
upstream of the Képpala STP. To estimate chemical toxicity, predicted no-effect
concentrations for STPs (STP PNECs) were web scraped from European
Chemicals Agency ‘Brief Profiles’. Valid use data and STP PNEC values were
obtained for 1503 industrial products comprising 5121 constituent chemicals
(1275 and 554 unique products and chemicals, respectively). Chemical
concentrations were estimated for the activated sludge regions of the STP in a
high-end spill scenario assuming all chemical in stock was spilled and arrived at
the STP undiluted. Risk quotients were derived using the STP PNECs. In this
scenario, 25 industrial products contain one or more chemical which, if spilled
into the STP, pose a risk value >=1 for the smallest region of the STP, while 2
products show risk values >=1000. This high-end spill scenario provides a priority
list of upstream customers and industrial products that can be used to mitigate the
risk to the Kédppala STP from spills of these substances. The steady-state, non-
equilibrium STP chemical fate model SimpleTreat 4.0 is being modified for use in
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simulating the transient chemical influx scenarios under investigation here, and
thus provide refined risk estimates for the high-end spill scenario. This risk
assessment framework will be provided as an open access tool intended to help
STP staff identify high-risk facilities and facilitate managing the potential for
spills of chemicals of concern.

4.01.3

The use of bioassays to evaluate the efficiency of a reactor treating
wastewater containing pharmaceutical compounds and LAS surfactant

A. Bernegossi, University of Sao Paulo - USP; F.R. Pinheiro, C.F. Granatto, M.A.
Varesche, University of Sao Paulo; J.J. Corbi, University of Sao Paulo - USP /
Departament of hidraulic and sanitary engineering

The presence of wastewater and emerging compounds have commonly been
detected in Brazilian streams and they cause human and environmental concerns.
Bioassessment is a useful tool to evaluate the efficiency of treatment, being among
the requirements demanded by environmental agencies. This study analyses the
impact of the hydraulic retention time (HRT of 36 hours - FI phase and 20 hours —
FII phase) in the toxicity of the treated effluent (wastewater containing ibuprofen,
triclosan, propranolol, diclofenac and LAS surfactant), that runs in Sdo Carlos,
Brazil. We applied bioassays to determine the toxicological effects on the survival
of aquatic organisms. For this purpose, we exposed the organisms A4/lonais
inaequalis and Daphnia magna into acute test using non-treated wastewater,
treated effluent and some dilutions of them. The organisms are maintained in the
Ecology of Aquatic Environments Laboratory (LEAA) at University of Sdo Paulo
and the effluents were obtained from the Wastewater Treatment Plant, being the
raw effluent (municipal sewage after preliminary treatment) and the treated
effluent coming from a pilot-scale fluidized reactor. Organisms were exposed to
both effluents in three replicates per treatment and the exposure was performed at
temperature of 25°C and 12:12 darkcycle to Allonais inaequalis (tropical
organism) and 19°C and 16:8 darkcylcle to Dapnhia magna (temperate zone
organism). The removal efficiency of the fluidized reactor was 90% (FI) and 88%
(F1I) to dissolved organic carbon and a minimum of 28% (FII) and a maximum of
85% (FII) to the drugs and surfactant. Regarding aquatic toxicity, we observed
acute effective concentration on the survival of 50% of the organisms (EC50)
decreasing from 70.77% dilution (FI) to 27.60% dilution (FII) for Allonais
inaequalis. Daphnia magna was more sensitive to effluents, presenting EC50 of
23.56% on FII. However, despite the decreasing toxicity of the untreated effluent,
these samples continue presenting a toxic capacity to contaminate water resources
if discharged directly into the rivers, demanding improvements in reactor
operating conditions or addition of a subsequent treatment to ensure aquatic life
quality. Our results suggested that ecotoxicological tests are effective parameters
to evaluate the impact of an effluent on aquatic biota and improve the treatment
applied.

Assessment of Chemical Mixtures and Multiple Stressors:
From Additivity and Synergy to Policy Options

4.02.1

Field species sensitivity distributions of complex mixtures can be derived,
elucidate taxon-specific impact thresholds and provide latitude to improve
polices

L. Posthuma, RIVM; J. Slootweg, RIVM / DMG; J. Postma, Ecofide; M. Zijp,
RIVM / DMG

Bioassessment is the art to diagnose environmental pressures from biological
observations and is done to support protective or restorative management
decisions. It has recently become feasible to also use bioassessments to diagnose
effects of chemical mixtures based on monitoring data. We collected such data
from Dutch waterboards and European data repositories, followed the
bioassessment ideas, and derived field species sensitivity distributions (field-
SSDs) for mixture exposures. That is, we derived taxon-specific thresholds of
chemical pollution impacts for a suite of taxa, indicating the mixture exposure
level above which taxon-abundance changes occurred. Because “all animals are
unequal”, the taxon-specific thresholds were unequal — which delivered us the
field-SSD of mixture exposure. We discuss the findings in relation to chemical
safety assessments (e.g., as under REACH), life cycle impact assessment (e.g., as
in the EU-product environmental footprint) and especially environmental quality
protection, assessment and management (e.g., as under the EU-Water Framework
Directive). As yet, the evidence shows that the net degree of protection and
restoration aimed at has not delivered us the ideal of the EU-policy goal non-toxic
environment.

4.02.2

Ten years of mixing cocktails: a systematic review and quantitative re-
appraisal of mixture interactions

O. Martin, Brunel University London / Institute for the Environment, health and
societies; M. Scholze, Brunel University London / Institute of Environment Health
and Societies; S. Ermler, Brunel University / Institute of Environment, Health and
Societies; J. McPhie, Brunel University; S. Bopp, European Commission - Joint
Research Centre / F3-Chemical Safety and Alternative Methods Unit-EURL
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ECVAM; A. Kienzler, European Commission - Joint Research Centre / DG Joint
Research Centre IHCP EURL ECVAM; N. Parissis, European Commission Joint
Research Centre; A. Kortenkamp, Brunel University London / Institute of
Environment, Health, and Societies

We present the outcome of a systematic review and quantitative reappraisal of 10
years’ of experimental mixture studies. Unlike previous reviews, we did not limit
our effort to certain groups of chemicals or specific toxicity outcomes. We
covered ecotoxicological as well as human / mammalian mixture studies
published since 2007. We created an inventory of 1,220 mixture experiments from
which data were extracted and subjected to subgroup analyses. We developed an
approach that allowed us to examine the internal validity of mixture studies by
using a risk-of-bias tool tailored to mixture toxicology. For a subset of 388 entries
that claimed interactions or provided indications for an interaction, it was possible
to conduct a quantitative reappraisal of authors’ evaluations of mixture effects.
Strikingly, our reappraisal revealed that relatively few claims of synergistic,
antagonistic or interactive effects stand up to scrutiny in terms of what we defined
as regulatory relevance. In most cases, deviations from expected additive mixture
effect doses (concentrations) were not larger than two-fold in either direction. A
small proportion of experiments reported synergisms that we appraised as of
regulatory relevance. Our efforts of pinpointing factors that might predispose to
synergistic interactions did not reveal anything substantial. There were no clear
trends when we analysed interactions in terms of the chemical composition of the
mixtures. However, previous indications that synergisms are particularly frequent
e.g. among pesticide combinations were confirmed. Our results confirm the utility
of default application of the dose (concentration) addition concept for predictive
assessments of simultaneous exposures to multiple chemicals.

4.02.4

Invertebrates at risk in agriculturally influenced Swiss streams

M. Langer, Oekotoxzentrum Eawag-EPFL / Aquatic Ecotoxicology; M. Junghans,
Swiss Centre for Applied Ecotoxicology EAWAG - EPF; S. Santiago, Soluval
Santiago; C. Baumgartner, AquaPlus; H. Singer, Eawag / Environmental
Chemistry; E. Vermeirssen, Ecotox Centre CH / Aquatic Ecotoxicology; L.
Werner, Swiss Centre for Applied Ecotoxicology, Eawag/EPFL

Small streams are important ecosystems for macroinvertebrates and make up to
75% of the Swiss river network. Of those streams 14% of the flow length have
>10% of agricultural land in their catchment area. It is necessary to assess the
effects and risks of agricultural micropollutants pose to the macroinvertebrate
community of these ecosystems. We conducted a comprehensive water quality
assessment in 5 small streams over a period of 8 months involving highly resolved
continuous chemical monitoring, measurement of acute and chronic effects of
water samples on Ceriodaphnia dubia, calculations of the predicted mixture
toxicity for daphnids using toxic units (TU), mixture risk assessment for the
invertebrate community based on Environmental Quality Standards (EQS) and
TU, as well as the evaluation of the macroinvertebrate community composition
using the SPEAR-Index. Native stream water samples caused C. dubia mortality
in 22% and reduced reproduction in 28% of samples tested. Acute and chronic
sum of TU of the stressor mixtures (pesticides, metals and sulfate) for daphnids
explained effects or no occuring effects observed in bioassays in 69% of cases.
Observations in 31% of samples were not explained by TU, likely due to
chemicals not measured or below detection limits. The TU approach further
revealed that elevated sulfate concentrations were responsible for most of the
observed toxicity measured at one experimental site. Metals were driving mixture
toxicity to daphnids at the other 4 sites. Both mixture risk assessment approaches
indicate a high acute and chronic risk for invertebrates. The determined SPEAR
indices indicate also that Invertebrate communities were affected by pesticides at
all sites investigated. The applied three different lines of evidence indicated an
elevated risk to invertebrate communities in agriculturally influenced small
streams. Bioassays proved to be a valuable tool that can integrate the combined
effects of present chemical stressors and gives evidence about chemically not
analyzed substances. Without consideration of metal concentrations, the toxicity
observed in daphnid bioassays could not have been explained to the same extent.
On the other hand, the influence of the naturally occurring sulfate at two sites has
confounded the assessment of the pesticides. A mixture risk assessment in
combination with bioassays is the way to obtain a realistic estimation of the
duration and intensity of stressors for organisms in streams.

4.02.5

Impacts of pollution, global warming & an invasive predator on the
survivorship and reproduction of a model gastropod, Lymnaea stagnalis

E. Moore, M. Alexander, K. Sloman, University of the West of Scotland / Institute
of Biomedical and Environmental Health Research; F. Orton, UWS / Institute of
Biomedical and Environmental Health Research

Human activity is driving biodiversity loss at an alarming rate. Exposure of
ecosystems to environmental stressors (factors that disrupt the dynamics of an
ecosystem, population or organism) is becoming more prevalent as a result of
human activity. It is highly likely that an ecosystem is exposed to different
stressors. Therefor it is important to understand how different stressors impact
different life-history traits of an organism. Here we assess effects of
environmental stressors (global warming, pollutant mixture and invasive predator)
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using the great pond snail, Lymnaea stagnalis, which has been demonstrated as an
effective model species for environmental and toxicity tests. Survival, growth and
reproductive outputs were observed throughout the experimental period (122 days
from hatching), across five treatment levels at environmentally relevant exposures
for each individual stressor. Results from these single stressor studies have shown
significant effects on the all observed endpoints. Firstly, hatching began earlier
with increasing temperature however fewer eggs hatched at the highest
temperatures (26°C and 28°C) compared to the control (20°C). Snails reared at
intermediate to high temperatures (24°C, 26°C and 28°C) were consistently larger
throughout the experimental period compared to the control. There was no
difference in the number of egg masses produced between the control and
temperatures up to 26°C, however fewer egg masses were produced at the highest
temperature (28°C) despite egg production being correlated to body size. The
pollutant mixture did not affect the time to hatch, however fewer eggs hatched at
the highest concentration (50pg/1). Additionally, snails in the 50 pg/l treatment
were smaller, produced fewer egg masses and had a higher mortality rate. Data
collection for the invasive predator stressor is still ongoing and due to be
completed by 15" December. Findings from this study will provide crucial
information on how different stressors impact various life-history traits in aquatic
organisms throughout the full life-cycle when applied at environmentally relevant
levels.

Bioaccumulation and Biotransformation: Advances,
Challenges, and State of the Science for Chemicals
Regulation

4.03.1

A Novel Multi-Species Physiologically-Based Toxicokinetic Modelling
Approach in Support of Chemicals Risk Assessment

A. Mangold-Déring, Wageningen University & Research / Environmental
Sciences; C. Grimard, D. Green, University of Saskatchewan / Toxicology Centre;
N.S. Hogan, University of Saskatchewan / Department of Animal and Poultry
Science and Toxicology Centre; L.P. Weber, University of Saskatchewan /
Veterinary Biomedical Sciences; H. Hollert, Goethe University Frankfurt /
Department of Evolutionary Ecology and Environmental Toxicology; M. Hecker,
University of Saskatchewan / School of the Environment & Sustainability and
Toxicology Centre; M. Brinkmann, University of Saskatchewan / School of
Environment and Sustainability & Toxicology Centre

One of the greatest manmade threats to this planet is chemical pollution. Chemical
risk assessment helps to understand the impacts of chemicals on the environment
and supports the implementation of appropriate management strategies to
minimize these impacts. A cornerstone of chemical risk assessment are
standardized toxicity data which are generated in laboratory experiments with
model species. However, model species are not necessarily representative of
native species of concern in an ecosystem. A wealth of data from non-model
species is available in the scientific literature but cannot be utilized in risk
assessment because the data were not derived in compliance with test guidelines.
Therefore, approaches are needed that enable inclusion of these data, such as
models, that enable transposing these datasets into a format that is useful in risk
assessment. One class of models that facilitate extrapolation between exposure
conditions, chemicals and among species are physiologically based toxicokinetic
(PBTK) models. Contemporary PBTK models for the prediction of
bioaccumulation potential of chemicals in fish are based on single-species
approaches. These approaches fail to include naturally occurring physiological
variability between different species and among individuals of the same species.
To overcome this limitation a novel multi-species approach is introduced in this
study. By including inter- and intra-species variability of model input parameters
through (i) the available physiological data of nonmodel species, and (ii) the
incorporation of these data and their statistical distributions rather than as single
values, this study developed a new and powerful multi-species PBTK modelling
approach. In an extensive literature search, 2,777 single values were revealed,
representing 71.9 % of families of freshwater fishes occurring in Canada. Model
validation showed that bioaccumulation potential of 82 % of the modeled neutral
organic chemicals were predicted within a 10-fold change respective to the
corresponding measured data from the literature. This is in reasonable agreement
with previously published single-species models while at the same time
significantly improving the level of species diversity. As such, this model will
potentially enable more environmentally relevant predictions using already
existing data and could ultimately lead toward more sustainable use of existing
data for risk assessment of chemicals.

4.03.2

Is additional complexity in models for BCF prediction worth the efforts?

S. Krause, K. Goss, Helmholtz centre for environmental research - UFZ /
Analytical Environmental Chemistry

One approach to assess a chemical’s bioaccumulation potential that requires less
animal use is the prediction of bioconcentration factors (BCFs) using in vitro
biotransformation data. For this purpose, differently complex BCF prediction
models can be used: simpler models that need less input information and are easy-
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to-use or more complex models that represent the in vivo reality more accurately.
However, these more complex models often require additional input data, have a
more complicated structure and might thus be more difficult to apply. We evaluate
whether this additional complexity is worth the efforts by comparing the results of
a complex modeling approach with those of a much simpler modeling approach.
We either used the simplest model possible, i.e. a pure one-compartment model
that does not account for any limiting factors, or a multi-compartment model that
represents the biotransforming organs (liver, GIT and gills) as separate
compartments. By this, the multi-compartment model does not only represent
blood flow limitation, but also considers the direct blood flow from GIT to liver
and is able to represent the potential first-pass effect in the gills. For the
calculations, we chose physiologically relevant parameter values for rainbow trout
and hypothetical test chemicals with log Kow ranging from 4 to 8. Comparison of
the results of both models shows surprisingly similar results for most cases. For
regulatory purposes, however, the use of the simple one-compartment might be
critical because it is not a worst-case estimate due to the neglect of blood flow
limitation.

4.03.3

QSAR prediction of in vitro biotransformation in human and rodents

L. Bertato, I. Casartelli, University of Insubria / QSAR Research Unit/Department
of Theoretical and Applied Sciences; M. Mazzucotelli, N. Chirico, University of
Insubria / Department of Theoretical and Applied Sciences; A. Sangion,
University of Toronto Scarborough and ARC Arnot Research and Consulting Inc.
/ Department of Physical and Environmental Sciences; K.L. Foster, ARC Arnot
Research and Consulting Inc. / Adjunct Professor, Trent University, Applications
of Modelling & Quantitative Methods (AMOD); J.A. Arnot, ARC Arnot Research
& Consulting / Adjunct Professor, Department of Physical & Environmental
Science/Department of Pharmacology and Toxicology; J.M. Armitage, AES
Armitage Environmental Sciences, Inc / Physical and Environmental Sciences;
M.R. Embry, Health and Environmental Sciences Institute (HESI); E. Papa,
University of Insubria / Department of Theoretical and Applied Sciences

In the last 20 years, our research group has developed many validated Quantitative
Structure Activity Relationships (QSARs) to estimate different physical-chemical
properties and biological activities of organic chemicals and contaminants of
emerging concern. Our most recent models focus on the prediction of the
biotransformation potential of heterogeneous organic chemicals in multiple
organisms. These models are particularly relevant in the context of chemical
hazard and risk assessment, and in particular for the identification of potentially
bioaccumulative chemicals. Recent studies have demonstrated the necessity to
integrate biotransformation related information for the refinement of the
bioaccumulation assessment. Reliable toxicokinetics data are also required to
apply in vitro bioactivity (hazard) data in risk-based contexts. To this end, it has
been suggested that data from in vitro assays may provide biotransformation rate
data that can be scaled using in vitro-inviivo extrapolation (IVIVE) models to
refine bioaccumulation estimates. Therefore we have developed new Multiple
Linear Regression QSAR models for the prediction of intrinsic in vitro clearance
measured in human and rodents liver medium. The chemicals were grouped
according the most likely reaction pattern to developed specific models for each
possible reaction. These models are now available in the QSARINS-Chem
software, and easily applicable to generate predictions for new and existing
chemicals, in the respective structural applicability domain. The software is freely
downloadable from the internet (http://dunant.dista.uninsubria.it/qsar/). This work
demonstrates how QSARs can be easily applied to profile the potential in vitro
biotransformation of chemicals with the support of the QSARINS-Chem software,
which allows for further analysis of the reliability of pedictions in the domain of
the original models. These QSARs and the QSARINS-Chem software may be
helpful to improve bioaccumulation assessment. In addition they can also be used
to estimate in vitro biotransformation rates that further extrapolated to in vivo
activities by in vitro-in vivo etrapolation (IVIVE) models.

4.03.4

Food web on ice: A pragmatic approach to investigate the trophic
magnification of chemicals of concern

V. Kosfeld, Fraunhofer IME - Institute for Molecular Biology and Applied
Ecology; H. Ruedel, Fraunhofer IME - Institute for Molecular Biology and
Applied Ecology / Environmental Specimen Bank and Elemental Analysis; C.
Schlechtriem, Fraunhofer IME / Department Bioaccumulation and Animal
Metabolism; C. Rauert, German Environment Agency UBA / International
Chemicals Management; J. Koschorreck, Umweltbundesamt

The trophic magnification factor (TMF) may be considered the ‘gold standard’ of
bioaccumulation assessment for a chemical since it integrates bioaccumulation
processes over an entire food web and under realistic environmental conditions.
Thus, TMFs could be useful for the regulatory risk assessment of substances of
concern. Currently, it is also discussed to use TMFs in the context of the European
Water Framework Directive (WFD) to apply them for the derivation of
Environmental Quality Standards (EQSs) for priority substances, or to normalize
biota concentrations of chemicals from different species to one common trophic
level for EQS compliance testing. Although TMFs for numerous chemicals have
been derived in the past twenty years, a standardized approach for TMF studies is
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still lacking. To allow the evaluation of the advantages, benefits and pitfalls of the
TMF concept, field samples were retrieved from Lake Templin near Potsdam,
Germany, in 2018. All samples were frozen after sampling, cryomilled and kept
stored under cryogenic conditions, similar to the protocols applied for the German
Environmental Specimen Bank (ESB), to generate samples forming a food web on
ice. This set comprising plankton, mussel and fish samples gives the opportunity
to analyze the trophic magnification of multiple chemicals, but also to investigate
general aspects of biomagnification within the same material without performing
additional samplings. For the food web samples bulk stable isotope signatures (for
trophic level calculations), lipid content of samples (for normalizing of biota
levels of lipophilic compounds) and other parameters were determined. Analyses
of benchmark chemicals (e.g. Hg/MeHg, PCBs) serve as proof of concept for the
biomagnification in the sampled food web. It is currently under investigation
whether the TMFs derived from the sampled food web are reliable and
comparable to data from similar ecosystems.

4.03.5

A tiered testing strategy for rapid estimation of bioaccumulation via
modelling and in vitro data

K. Schirmer, Eawag / Environmental Toxicology; J.A. Arnot, ARC Arnot
Research & Consulting / Adjunct Professor, Department of Physical &
Environmental Science/Department of Pharmacology and Toxicology; N. Bramaz,
Eawag, Aquatic Research / UTOX; N. Bury, University of Suffolk / School of
Engineering, Arts, Science and Technology; M.R. Embry, Health and
Environmental Sciences Institute (HESI); J.A. Fitzgerald, Eawag - Swiss federal
Institute of Aquatic Science and Technology / Environmental Toxicology; C.
Hogstrand, Kings College London / Department of Nutritional Sciences; C. Kropf,
University of Bern / Centre for Fish an Wildlife Health; H. Segner, University of
Bern / Centre for Fish and Wildlife Health; R. Schoenenberger, Eawag, Aquatic
Research / UTOX; J. Stadnicka-Michalak, EPFL Swiss Federal Institute of
Technology / Environmental Toxicology

The overall objective of this research is to reduce uncertainty related to the
estimation of toxicokinetics and bioaccumulation of organic chemicals in fish in
ecological risk assessment. The propensity of chemicals to accumulate in biota is
of high concern because it may result in significant internal exposure in
organisms, potentially leading to toxicity, and be a source of chemical exposure to
organisms higher in the food chain. The traditional in vivo test with fish to derive
accumulation data, expressed as bioconcentration factor (BCF), is not only
ethically questionable but also excessively resource intensive relative to the
number of chemicals in need of testing for BCF. Thus, alternative strategies are
being sought, with the most developed strategy being to use computational models
in which fish liver S9 or hepatocyte-derived biotransformation rates are
incorporated to predict an in vivo BCF. In a CEFIC-LRI project (Eco34), we
asked whether biotransformation rates from extrahepatic tissues derived by
additional in vitro models, along with a critical evaluation of model complexity,
would further reduce in the uncertainty of BCF predictions. We first derived at a
list of nine candidate chemicals for in vitro testing based on model discrepancies,
availability of reliable in vivo BCF and BMF data and in vitro biotransformation
rates. The resulting chemicals were divided into three Kow categories: group I:
log Kow < 4 (aqueous exposure dominates — gill and liver models); group 1I: log
Kow 4 - 5.5 (mixed exposure routes — gill, liver and intestine models); and group
III: log Kow>5.5 (predominantly dietary exposure dominates — liver and intestinal
models). For in vitro testing, biotransformation rates, determined as parent
compound loss over time, were determined in the following rainbow trout
(Oncorhynchus mykiss) — derived models: (a) primary gill cell cultures grown on
permeable support; (b) S9 fractions from liver and intestine; (c) three permanent
cell lines respresenting gill (RTgill-W1), liver (RTL-W1) and intestine
(RTgutGC). All in vitro systems proved capable of biotransformation though not
all test chemicals were biotransformed. The primary gill cell system and the
RTgill-W1 cell line were comparable with regard to the resulting clearance rates,
with gills being overall less efficient in clearance compared to liver and intestinal
cells. Biotransformation of acenaphthylene was below the limit of detection in the
gill cell models but was cleared from the liver cell line. Deltamethrin and 2,4,6-
tribromophenol were biotransformed in the intestinal S9 but not in liver S9 or any
of the cell based models. Our data demonstrate an overall agreement for tissue-
specific biotransformation rates derived from different in vitro models but also
provides indication for tissue-specific clearance. Extrahepatic clearance was
important. Incorporation of these experimental data into different computational
models is ongoing and will be used to evaluate needed model complexity and
improvement of BCF predictions.

4.03.6

Lipid Normalizing the Biomagnification Factor

F. Gobas, Simon Fraser University / Resource & Environmental Management; Y.
Lee, Simon Fraser Univeristy / Resource and Environmental Management

The biomagnification factor (BMF) of a chemical in fish is a bioaccumulation
metric that currently is receiving much attention in regulatory circles (Hashizume
et al. 2018). One of the challenges in using the BMF for bioaccumulation
assessment is the apparent variability in BMF measurements. Hashizume et al.
(2018) illustrated substantial variation in the biomagnification factors of
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Hexachlorobenzene (HCB) in common carp and that lipid normalization of the
concentration of the chemical in the diet to a diet with a 5% lipid content
(BMFvLs%) reduced this variability. This approach, which is different from that
included in the OECD 305 guidelines for bioaccumulation testing has received
much interest. In this study, we investigate this alternative method of lipid
normalization on (i) bioaccumulation theory; (ii) bioaccumulation testing in the
laboratory using dietary bioaccumulation test results from OECD-305 style tests
for 238 test chemicals; and (iii) bioaccumulation in the field using
biomagnification and trophic magnification factors determined in field studies. In
19 dietary bioaccumulation tests for HCB (excluding Hashizume et al. (2018)), the
BMF ranged between 0.61 kg lipid/kg lipid to 2.8 kg lipid/kg lipid with 11 BMFL
values exceeding 1. In contrast, the BMFL 5% ranged between 0.16 to 0.72 kg
lipid/kg lipid and between 0.15 and 0.27 kg lipid/kg lipid in the study by
Hashizume et al (2018) using non-growth corrected BMFL 5o, values. Also, in the
dietary tests investigated, the BMFL identifies 35 chemicals with biomagnification
potential, while the BMFL s only identifies 12 chemicals to have a
biomagnification potential. Chemicals for which the BMFL was greater than 1 and
the BMFL sy was less than 1 include PCBs 118, 187, 195, 209, mirex and HCB.
We conclude that biomagnification models and data clearly illustrate that
biomagnification factors are a function of the lipid content of the diet. Differences
in the biomagnification factor of chemicals due to differences in the lipid content
of the diet are therefore not experimental artefacts or error but reflect the fact that
biomagnification factors are greater if the chemical is present in food with a
higher lipid content. Normalizing the biomagnification factor to a dietary lipid
content of 5% tends to underestimate the biomagnification potential of lipophilic
substances in aquatic food-webs by a considerable margin. The use of the lipid
normalized biomagnification factor (BMFL) appears to provide more realistic
estimates of biomagnification in the field than the BMFL sv.

Bioremediation and Phytoremediation of Contaminated
Ecosystems

4.04.1

Green roofs in Milan metropolitan area: runoff water quality and quantity
L. Marziali, IRSA-CNR (Brugherio) / Brugherio; L. Valsecchi, D. Copetti, R.
Minoia, A. Schiavon, F. Salerno, IRSA-CNR Water Research Institute; G. Tartari,
IRSA-CNR Water Research Institute / UOS Brugherio; C. Roscioli, IRSA-CNR
Water Research Institute / Brugherio; L. Guzzella, Water Research Institute -
Ttalian National Research Council IRSA-CNR; B. Barozzi, A. Bellazzi, CNR-ITC
Construction Technologies Institute, Milan; A. Sala, BrianzAcque s.r.1

Green roofs provide many ecosystem services in urban areas, such as thermal
insulation of buildings, reduction of stormwater runoff, mitigation of heat island
effect and noise pollution, aesthetic improvement. A less investigated aspect is the
contribution to the reduction of urban runoff pollution by absorbing pollutants
deriving from stormwater. An experimental research in two areas, North and
South Milan (Brugherio and San Giuliano Milanese), was carried out to test the
potential of this technology in a heavily impervious metropolitan area. A total of
24 different green roof arrangements (each with a 0.38 m? surface area and 2
replicates, for a total of 25.5 m?) were equipped by combining the following
characteristics: substrate type (3 types, i.e. 2 different soil types with about 5%
organic matter, and type 2 enriched with organic matter up to 10%), substrate
depth (8 cm vs. 12 cm vs. 15 cm), vegetation type (Sedum spp. vs. grassfield vs.
no vegetation), slope (2% vs. 10%), fertilization (no fertilization vs. fertilization).
The performance in retaining stormwater, analyzed between May 2018 and
September 2019, resulted in 73% runoff reduction. Macro- and micro-element,
nutrient and PAHs concentrations and loads in green roof runoff were compared
with those of stormwater in three precipitation events. In November 2019 and
April 2019 events, experimental green roofs retained 88% of N-NHy deriving
from stormwater, as well as 10%-35% of Zn, Ni, Pb, Se, Co e Cd. Vegetation and
substrate type resulted as key factors determining the capability to retain part of
precipitation and pollutants. In the winter event (February 2019), retention
capability was strongly reduced, probably due to inactive vegetation and frozen
substrate, except for PAHs (60% retention) probably due to the absorption on the
organic fraction of the substrate. However, green roof runoff was characterized by
a strong enrichment in suspended solids (30+40 mg/L), DOC (13.3-55.3 mg/L),
nutrients such as TP and TN, cations as K e Mg, macro- ¢ micro-element such as
Al, Fe, Mn, Ba, Sr e Cr, leached from substrates, fertilizers or drainage systems. If
correctly designed and managed, these systems may be an effective adapting
strategy to climate change, achieving a strong capability to reduce stormwater
annual runoff in impervious areas. However, materials and arrangements need to
be correctly chosen to reduce significantly pollutant loads.

4.04.2

Phytostabilization of heavy metal contaminated soils in urban and rural
communities in Wisconsin, USA

K. McAdow, University of Wisconsin, Madison / Soil Science; D. Soldat, G.
Siemering, University of Wisconsin, Madison / Department of Soil Science
Reducing human exposure to lead (Pb) through ingestion and/or inhalation of soil-
Pb is important in urban and rural communities. Given widespread soil Pb
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contamination from paint, gasoline, and mining operations, typical remediation
practices, like excavation and soil capping, are not cost-effective and remediation
needs outstrip community resources. Alternative methods of reducing Pb-exposure
are needed. Phytostabilization, the immobilization of soil contaminants by
rhizosphere processes, is suitable for reducing bioavailable lead and lowering
overall Pb exposure risk. As differences in contaminant source and land use
drastically impact exposure scenarios, site-specific investigations are needed to
ascertain phytostabilization viability. Southwestern Wisconsin is home to a
historic lead and zinc mining district (1820-1950) where local populations
concentrated around mining operations and are still threatened by mine tailings
that persist in local soils today. Milwaukee, U.S.A., like most urban areas, has
widespread soil-Pb from Pb-based paint and leaded gasoline. This research
explores 1) the establishment of native prairies in mine-scarred agricultural land to
restore ecosystem services and 2) the effectiveness of a Pb-pyromorphite forming
turfgrass in urban soil to reduce Pb human bioavailability. Prairie forbs and
grasses native to Wisconsin were direct-seeded in mine impacted soil for a
greenhouse study, as well as direct-seeded and transplanted into a mine-scarred
field site amended to investigate improved plant growth. Lime (2.94 kg/m?2),
manure (3% wt/wt), and biofertilizer (Trichoderma sp.) were applied in a split
block design with native plant species grown in each soil amendment type.
Milwaukee Pb-contaminated soil and Pb-spiked Plano soil (600 mg kg-1) were
direct-seeded with 3 turfgrasses, one known to induce Pb-pyromorphite formation
(Agrostis sp.). For 7 weeks, weekly treatments of Ca(NO3)2 and (NH4)SO4 (4.88
g N/m2) were added to induce alkalization and acidification, respectively, as these
processes are hypothesized to induce Pb-pyromorphite formation. Plant shoot and
root metal concentrations from both studies will be determined. Mehlich 3,
Relative Bioaccessible Lead Protocol, DTPA, and X-ray florescence will
determine soil metal bioaccessibility to plants and humans. Results will reveal
methods suitable for phytostabilization in mine soil and urban contaminated areas.

4.04.3

Managing water evaporation and trace element accumulation using tree
species at a red gypsum landfill

A. Malabad, Laboratoire Chrono-environnement; F. Tatin-Froux, Université de
Bourgogne Franche-Comté, CNRS, Laboratoire Chrono-Environnement (LCE),
Montbéliard, France; G. Gallinet, Terranodrone, Montbéliard, France; M. Chalot,
Université de Bourgogne Franche Comté; J. Parelle, Université de Bourgogne
Franche-Comté, CNRS, Laboratoire Chrono-Environnement (LCE), Montbéliard,
France

Nowadays, the mining companies are increasingly confronted with problems
related to manage contaminated sites and soils. The red gypsum landfill of Thann
presents environmental and ecological context representative of the typology by-
products storage of Ti extraction activity (high content of some Trace Element
(TE): Fe, Mn ... and low biodiversity). Moreover, this red gypsum is stored on a
waterproof structure that requires appropriate management of the incoming and
outgoing water masses. The aims of this study was to evaluate the impact of
revegetation on the TE and the water status for red gypsum landfill. Our
hypothesis is that the selection of tree species for TE accumulation capacity would
not be antagonist of the selection of species with high transpiration rate. The
opportunity of the 5 year-old demonstration plantation (18 tree species) was used
to screen transpiration and TE accumulation in leaves (n=9 by species). For
estimating the leaf area, we used remote-sensing airborne drone. A pot experiment
with the anthroposol recovered from the study site, was initiated in the growth
chamber at the laboratory for confirming the transpiration rate of the whole plant
(by weighing lost method), and to measure Mn. In the field, there was a significant
difference in maximum stomatal conductance between tree species, O.
carpinifolia, M. pomifera, and R. copallina had the highest stomatal conductance.
Regarding the Mn concentration in the leaves, O. carpinifolia and B. pendula had
significantly higher levels than other tree species. The relationship between
stomatal conductance and Mn content showed that tree especies that had a high
Mn content, had high stomatal conductance (O. carpinifolia, B. pendula, S.
aquatica grandis, S. alba) excepted R. copallina. The tree species with the lowest
stomatal conductance have also low concentration of Mn. The results of the pot
experiment reinforced the field results. O. carpinifolia transpiration rate was
significantly higher than for other tree species tested. Although while B. pendula
had intermediate transpiration, it accumulated the highest leave Mn content (1000
mg/kg DW). O. carpinifolia, S. aquatica grandis, M. pomifera, and U. pumula are
the species that have the highest canopy volume. They showed higher growth
performance than other tree species. The selection of tree species with hight
transpiration capacity, would be therefore combining a high leaf surface area and a
high maximum stomatal conductance.

4.04.4

Leverage Effect Of The Relationship «Belowground-Aboveground» For The
Rehabilitation Of Contaminated Marginal Lands

O. Hullot, INRAE; I. Lamy, A. Huang, L. Ciadamidaro, INRA

It is well known the existence of ~1,350,000 hectares of land in Europe deemed
less favourable for conventional agriculture. Nowadays, these soils are identified
as “marginal lands” which include contaminated and degraded soils, such as trace
element (TE) contaminated sites. To overcome the problem of poor fertility of
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these soils biofertilization seems a promising way. It consists in improving the soil
properties by inoculation of biological species (earthworms (EW), fungus, etc.) in
soils in order to promote the recycling of nutrients. It is however necessary to
quantify both the positive and negative externalities induced by this practice on
the development of non-food biomass crops. The aim of this study was to
highlight the soil-plant-EW interactions in the case of a poorly in situ
contaminated soil, with the dual objective of 1) determining and prioritizing the
biotic and abiotic parameters that influence these interactions, and 2) assessing the
importance of the belowground-aboveground relationships on the sustainability of
certain ecological functions provided by soils. A pot experiment in controlled
conditions was carried out with a Cd, Zn, and Cu contaminated sandy soil during
2 months. Pot experiments included treatments with or without EW (4dporrectodea
caliginosa) and with or without plant (Lolium perenne). For each condition, 6
replicates were established and when needed, 30 seeds and/or 10 EW per pot
containing around 2kg of soil were inoculated. Environmental TE content was
quantified by measuring TE concentrations in soil solution and environmental
bioavailability by measuring TE concentrations in depurated whole EW bodies
and plant aerial biomass. Finally, toxicological bioavailability was investigated by
measuring EW survival rate, body weight changes, plant biomass and leaf
chlorophyll concentration at the end of the experiment. In general, although EW
presence increased the availability of all the studied TE, Cd and Zn plant uptake
was reduced and plant biomass increased when compared to the condition without
EW. Moreover, the TE bioaccumulation in EW did not produce a direct toxicity,
according to the EW survival rate and body weight results. Finally, our pot
experiment confirmed that even in contaminated soils, the presence of 4.
caliginosa promotes plant adaptation, reduces TE uptake and improves biomass
production. However, further studies are required to establish potential toxicity
due to the accumulation of TE in EW and plants at long-term.

4.04.5

Assessment of compost and biochar in improving plant-assisted
bioremediation of a multi-contaminated area

V. Ancona, Italian National Research Council / Water Research Institute; P.
Grenni, National Research Council of Italy (CNR) / Water Research Institute; G.
Aimola, G.L. Garbini, D. Losacco, D. Napolitano, N. Leone, L. Rolando, A.
Visca, Italian National Research Council / Water Research Institute; V. Uricchio,
Water Research Institute Italian National Research Council; A. Barra Caracciolo,
National Research Council / Water Research Institute

Nature-based solutions for recovering contaminated areas, such as plant-assisted
bioremediation strategies, are cost-effective, long-lasting and aesthetic. The
effectiveness of a plant-assisted bioremediation strategy for remediating soils from
pollution is affected by physical/chemical soil characteristics, plant species,
bioavailability and biodegradability of contaminants. Many works proved that the
application of soil fertilizers (e.g. compost and biochar) is an effective agronomic
practice to promote rehabilitation of soils contaminated by heavy metals (HMs) or
xenobiotics, such as polychlorinated biphenyl (PCBs). The main goal of this
research was to assess the capability of two different fertilizers (a municipal solid
waste compost and a biochar obtained from the pyrolysis of plant biomass) in
enhancing remediation processes of a multi-contaminated site in Southern Italy, in
which a plant-assisted bioremediation strategy has been applying since four years.
On 2015, about 750 Monviso poplar cuttings were planted to remediate a heavy
metals (HM) and polychlorinated biphenyls (PCB) contaminated area, located
close to Taranto city. In March 2019, a compost or biochar treatment was
performed on six different contaminated plots, selected in the poplar-treated area.
The results of the chemical and microbiological analyses carried out on soil
samples collected in fertilizer treated and in un-treated plots (controls), before and
6 months after the fertilizer treatment are here reported. In particular, PCB and
HM determinations and microbiological analyses (microbial abundance, viability
and qPCR assays) were performed.

4.04.6

Application of in situ biorremediation strategies in soils amended with
sewage sludges

E. Urionabarrenetxea, ESTACION MARINA DE PLENTZIA. UPV/EHU /
Zoologia y Biologia celular animal; N. Garcia-Velasco, University of the Basque
Country / Zoology and Animal Cell Biology, Research Centre for Experimental
Marine Biology and Biotechnology PIEUPVEHU; U. Iruskieta, C. Zumarraga,
Plentzia Marine Station of Basque Country University (EHU/UPV) /
Departamento de Zoologia y Biologia Celular Animal; M. Anza, C. Garbisu,
NEIKER; U. Artetxe, R.G. Lacalle, J.M. Becerril, University of the Basque
country UPVEHU; M. Soto, Plentzia Marine Station of Basque Country
University (EHU/UPV) / CBET Research Group Dept Zoology and Animal Cell
Biology Faculty of Science and Technology and Research Centre for
Experimental Marine Biology and Biotechnology PIE

Actual soil loss and the scarcity of natural or agricultural lands require new
strategies for reuse. In this sense, the recovery of polluted soils (for other uses)
offers a chance for social and economic regeneration. With this purpose, several
decontamination technologies/treatments have been developed. Most of them,
employ physical and/or chemical technologies with high cost and big impact for
the ecosystems. By contrast, biological technologies are more cost effective, but
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also more time-consuming. Among biological techniques microbial
bioremediation, vermiremediation and phytoremediation are widely known
technologies. However, although their individual remediation yields are known,
little is known about the impact/influence of each technology upon the rest. In
fact, remediation performances could be enhanced when different biological
strategies are combined. In the present work combinations between microbial
remediation, vermiremediation and phytoremediation were applied in a landfill
(Landfill 17; employed as sewage sludge disposal point for, at least, two decades)
located in Gernika-Lumo (Basque Country) in search of the treatment (single) or
combination of treatments with best remediation yields. Thus, 7 experimental
groups (with 3 replicates each) were obtained by introducing earthworms (E),
bacteria (B), plants (P), bacteria +earthworms (B+E), bacteria+plants (B+P),
plants+earthworms (P+E) and plants+bacteria+earthworms (P+B+E) in the
experimental plot (in the Landfill 17). As well as a control group without
treatment. To assess the efficiency of each treatment, a study of soil status was
carried out before and after remediation, integrating both chemical and
ecotoxicological approaches. The results showed dieldrin as the pollutant with the
highest removal rates with degradations between 50% and 78% in all experimental
groups. For heavy metals and BaP, removal rates of around 20-25% were
achieved (Cd 15%-35%; Cr 7%-39%; Pb 15%-33%; Ni 24%-37%; BaP 19.5%-
28%). Highest reduction in contaminant concentrations were obtained in P+E,
B+E and P+B+E treatments. Ecotoxicological tests (especially in those carried out
with worms and plants) pointed to P+B+E treatment as the one that provides best
soil health among those treatments with better elimination yields . Best results
were obtained with the combination of phytoremediation (P), bioaugmentation (B)
and vermiremediation (E). Acknowledgements: Basque Gov (IT810-13; ITO18-
16), CTM2017-87766-R, AGL 2015-64481-C2-1-R and AGL2016-76592-R from
MINECO, PhytoSUDOE-SOE1/PS5/E0189.

4.04.7

Poster spotlight: Hexachlorocyclohexane bioaccumulation in Alnus glutinosa
- height, age, season and isomer specificity

P. Hrabak, Technical University of Liberec / ONV

Complex Mixtures in User Products and the Environment:
Chemical and Toxicity Profiling, and Modelling to Identify
Risk Drivers and Estimate Footprints

4.05.1

Chemical fingerprints of WWTP effluents - performing a large-scale target
analysis for LVSPE samples of 52 European WWTPs

S. Finckh, Helmholtz Center for Environmental Research - UFZ GmbH / Effect-
Directed Analysis; L. Beckers, Helmholtz-Zentrum fiir Umweltforschung GmbH -
UFZ / Effect-Directed Analysis; E. Carmona Martinez, Helmholtz Center for
Environmental Research - UFZ GmbH / Effect-Directed Analysis; M. Krauss,
Helmholtz centre for environmental research - UFZ / Effect-Directed Analysis; T.
Schulze, Helmholtz Center for Environmental Research - UFZ / Effect-Directed
Analysis; W. Brack, Helmholtz Centre for Environmental Research UFZ / Effect-
Directed Analysis

Most waterbodies in Europe are exposed to a large variety of chemicals, released
by industry, traffic, during agricultural processes or simply in daily routine. These
include categories such as pesticides, pharmaceuticals, personal care products, etc.
The combination of different chemicals and the overlay of multiple tributaries lead
to complex mixtures of substances, impeding statements on particular toxicities
and biological effects in general. Simplifying and understanding the composition
of waterbodies, like rivers and lakes, are therefore of special interest in the field of
ecological and human health risk assessment. One approach is to subdivide these
mixtures depending on their origin in order to obtain source related so-called
“chemical fingerprints”. This study is focusing on wastewater treatment plants
(WWTPs) representing important point sources for the anthropogenic impact on
surface waters. A large-scale target screening was performed by investigating
effluents of 52 European WWTPs from in total 15 different countries. Large
volume solid phase extraction samples (LVSPE) were taken and analysed by
liquid chromatography-high resolution mass spectrometry (LC-HRMS). An
extensive target list of approx. 600 substances in combination with retrospective
analysis of additional compounds resulted in a total of approx. 1200 target
substances. The final results were evaluated using multivariate statistics. Several
hundred individual chemicals have been identified and quantified in European
WWTPs in concentrations up to the several hundred pg/L range. By clustering
chemicals and sites, chemical fingerprints specific for different groups of WWTPs
have been identified and evaluated in the context of the European region, size
class and treatment technology of the WWTPs. To this end, it was possible to
show the influence of additional treatment stages like ozonation. Component-
based risk assessment using the toxic unit (TU) approach and multiple substance
potentially affected fractions of species (msPAF) identified major risk drivers in
the effluents and helped to group WWTPs according to environmental risks taking
into account the dilution factor in the receiving waters. Finally, the present study
reveals a detailed overview on the impact of WWTP effluents to contamination
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patterns in surface waters, allowing to define the most severe drivers of toxicity.

4.05.2

High levels of brominated dioxin-like activity discovered in plastic toys using
a combination of in vitro Aryl hydrocarbon receptor-based reporter gene
assays and GC-MS analysis

C. Budin, Biodetection Systems BV; J. Petrlik, Arnika - Toxics and Waste
Programme; P.A. Behnisch, H. Besselink, B. van der Burg, A. Brouwer,
Biodetection Systems BV

While health outcomes related to the exposure to dioxins may vary (altered
behavioral and cognitive functions, altered reproductive functions, cancer, etc.),
the ligand-binding interaction of dioxins with the aryl hydrocarbon receptor
(AHR) is a known and consistent molecular initiating event of dioxin-like toxicity.
This relatively straight forward mode of action led to the development of sensitive
and quantitative in vitro cell-based reporter gene methods like DR CALUX. The
DR CALUX is a well established and validated method for sensitive
quantification and reproducible hazard assessment of dioxins, dioxin-like
compounds, and other AhR activators. It is known that the DR CALUX does not
only respond to chlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) but
also responds to their brominated counterparts (PBDD/Fs). There is now evidence
that significant levels of PBDD/Fs can be found in a variety of matrixes such as
plastics. Reported levels of PBDD/Fs indicate that they could potentially
contribute to the daily human background exposure to dioxins. Although both
PCDD/Fs and PBDD/Fs show similar molecular and health effects, the latter
chemical group is significantly less regulated and PBDD/Fs are not listed under
the Stockholm POP convention. Using the well-known rat-cell based AhR
reporter assay, DR CALUX, and a human variant thereof in HepG2 cells (DRnuman
CALUX), we first determined relative potencies of various PBDDs and PBDFs
congeners. All chemicals tested were active in both DR CALUX and DRhuman
CALUX assays. Then we evaluated dioxin-like activity in plastic toys which were
also analyzed by GC-MS for PBDD/Fs content. In plastic toys, we found very
high DR CALUX and DRuuma CALUX bioanalytical toxicity equivalents (up to
6,880 pgBEQ/g), likely due to the presence of PBDD/Fs. Such levels suggest that
the toys were potentially manufactured with plastic containing high-levels of
PBDD/Fs, which could represent a potential major source of exposure of children
to dioxins at a sensitive age.

4.05.3

Advancements in effect-based surface water quality assessment

M.L. de Baat, University of Amsterdam / IBED-FAME; R. van der Oost,
Waternet / Onderzoek en Advies; P. de Voogt, University of Amsterdam / IBED;
P. Verdonschot, Alterra, Wageningen-UR / Department of Freshwater and Marine
Ecology; M. Kraak, University of Amsterdam / IBED-FAME

Traditionally, chemical water quality is determined by monitoring surface waters
for the presence of priority substances. However, concentrations of priority
substances in surface waters are decreasing, and industries have switched to a
plethora of alternative compounds which enter the aquatic environment and
seriously impact water quality. Consequently, a large portion of toxic effects
observed in surface waters cannot be attributed to compounds measured by water
authorities, and toxic risks to aquatic ecosystems are thus caused by mixtures of a
myriad of (un)known, unregulated and unmonitored compounds. Understanding
of these risks requires a paradigm shift, that allows for new monitoring methods
that do not depend solely on chemical analysis of priority substances, but
contrastingly consider biological effects first. Therefore, there is a need for effect-
based monitoring strategies that employ bioanalytical tools to identify
environmental risk. To answer this need, the Smart Monitoring project aimed to
further develop and integrate time-integrative sampling, bioanalytical tools, and
in-depth chemical analyses for application in surface water quality assessment.
This platform presentation will summarize the findings and insights generated
during four years of research, starting with an initial monitoring campaign that
explored the potential of effect-based tools in water quality assessment.
Subsequently, advancements in passive sampling, bioanalytical tools and chemical
analysis transcending priority substances lists were integrated to innovate effect-
based surface water quality assessment methods, incorporating sediment quality as
well. The project overview ends with a second nationwide measuring campaign
where the innovated toolbox was used to explore the link between
ecotoxicological effects of water and sediment and the ecological structure and
functioning of surface waters. It is concluded that effect-based water quality
assessment allows prioritization of sites based on ecotoxicological risks, can
identify the presence of hazardous compounds regardless of being listed as
priority substances, and meanwhile can prevent costly chemical analysis at sites
with low ecotoxicological risks.

Dealing with and Communicating Uncertainties in
Environmental Risk Assessment While Ensuring Trust
Among Stakeholders: Mission Impossible?

4.06.1
Identifying and Characterising Uncertainties to Improve In Silico Models for
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Toxicity Prediction

M. Cronin, S.J. Belfield, Liverpool John Moores University / School of Pharmacy
and Biomolecular Sciences; A.N. Richarz, European Commission Joint Research
Centre / Directorate for Health, Consumers and Reference Materials; T.W.
Schultz, University of Tennessee / College of Veterinary Medicine

In silico approaches to predict the environmental and human health effects of
chemicals include quantitative structure-activity relationships (QSARs), grouping
and read-across. QSARs have been used for several decades to predict the
toxicity, fate and properties of chemicals and, along with grouping and read-
across, have found great utility for regulatory applications such as REACH in the
EU. The key to the practical application of predictions is their acceptability for
regulatory purposes, this has historically been guided by the OECD Principles for
the Validation of QSARs as well as copious guidance on grouping from OECD
and ECHA. Evaluation of in silico methods and acceptance of predictions for
toxicity and fate could be improved, and in some circumstances made more
formulaic, in particular including better consideration of uncertainties, variabilities
and areas of bias. To this end uncertainties, variability and areas of bias have been
defined for QSARs and read-across. The aim of this study was to utilise
uncertainty schemes for QSARs for environmental toxicity to demonstrate their
applicability (both of the schemes and QSARs), review their use and attempt
initial quantification. The schemes to assess the uncertainty, variability and areas
of bias of QSARs were applied to some recently published QSARs. Each QSAR
was evaluated according to questions defined by the scheme, with responses
undergoing semi-quantification on a integer scale of 1-3 (low to high uncertainty).
In addition, areas of poor definition, ambiguity or repetition in the characterisation
of uncertainties were noted and recorded to assist in the further improvement of
the scheme. The evaluation of the QSAR models found that they were generally
well described and presented although for some models provenance of the data
was uncertain e.g. the original source data were not cited or checked. Areas where
QSARs could be improved included the mechanistic evaluation and justification
of the models which was either absent or, in the opinion of the reviewer, incorrect.
In addition, the compound / data set collection was often not well defined. The
criteria were found to be easy to apply and gave confidence to predictions from
the QSAR models. The purpose of these criteria is not to necessarily to imply that
a particular model is “validated” or fit for purpose, although this could be part of
their use, but to identify areas where more information may strengthen confidence
in the model.

4.06.2

Modelling can help understand and apprehend uncertainties

B. Goussen, IBACON GmbH / Ecological Modelling

The world in which we live and try to protect is filled with uncertainties. These
uncertainties influence our everyday life and our decisions. When these decisions
concern critical domains like human, animal, or more broadly, environmental
health, proper quantification of these uncertainties become crucial. Uncertainty
and variability arise in several forms. They can concern the organisms or
environment themselves with inter- and intra-species as well as the environmental
variability. They can also concern the mechanisms used to measure and analyse
the organisms or environment of interest with noise, errors, design and
assumptions made in the measurements or the modelling. Understanding and
assessing these uncertainties is therefore of upmost importance in Environmental
Risk Assessment, as this allows calculating an acceptable level of risk.
Mechanistic modelling and its associated tools can be used to better understand
and apprehend these uncertainties. The utilisation of specific inference techniques
as well as tools like the sensitivity and uncertainty analysis renders possible
gaining insight on the natural and intrinsic variabilities, on the model properties,
or even on unknown mechanisms. I present case studies where uncertainty and
sensitivity analyses were used to improve the understanding of biological
mechanisms, improve modelling, and ultimately, the risk assessment.

4.06.3

Bayesian Evidence Synthesis in scientific assessments of risk

U. Sahlin, Lund University / Centre for Environmental and Climate Research

A successful communication of uncertainty in scientific assessments of risk is
important to ensure that decision makers do not to put too much, or too low,
confidence in the conclusions made. A complete communication of uncertainty
follows when assessors have characterised uncertainty, in terms of both
uncertainty in the range, distribution or likelihood of decision relevant variables
(outcome uncertainty), and the strength of the knowledge behind the assessment.
A quantitative characterisation of uncertainty in parameters and variables is
advantageous as it allows for a separation between epistemic and aleatory
uncertainty, and a transparent evaluation of the impact of multiple sources to
uncertainty on the outcome uncertainty. Assessments of the strength of knowledge
in an assessment are currently mostly limited to expert-based quality appraisal and
qualitative measures like “confidence” scores and sensitivity analyses. Scientific
experts or assessors face the challenge to find and motivate how they choose to
deal with uncertainty. This is not always a trivial task, especially since a scientific
assessment of risk often becomes a daunting challenge to integrate multiple
sources of, sometimes limited, evidence and judgements from experts. Bayesian
Evidence Synthesis (BES) is a highly flexible method of inference suitable for
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scientific assessments of risk. BES has its roots in evidence-based health care, as a
marriage of meta-analysis and decision analysis. A BES is a fully Bayesian model
which enable integration of expert judgement (as priors) and data from empirical
observations, and where epistemic uncertainty measured by subjective probability.
A risk assessment can be framed as a BES, by replacing the decision analysis with
an assessment model and the multiple sources of evidence are the data informing
parameters of the assessment model. The benefit of using BES compared to
“quantifying uncertainty in one parameter at a time” is that there is an unbroken
link from data to the quantification of uncertainty and that it allows for multiple
sources of data informing the same parameters. A BES opens up for more efficient
integration of several sources of evidence and learning as new data or expert
judgements becomes available. I demonstrate a BES for a hazard assessment of a
chemical substance relying on species sensitivity distribution and multiple sources
of toxicity estimates with errors and biases.

4.06.4

Identifying uncertainty trade-offs of ecological risk assessment objectives to
guide model complexity

S. Raimondo, U.S. Environmental Protection Agency / Gulf Ecosystem
Measurement and Modeling Division; M. Etterson, N. Pollesch, U.S.
Environmental Protection Agency / ORD NHEERL Mid Continent Ecology
Division; K.V. Garber, U.S. Environmental Protection Agency / Office of
Pesticide Programs Environmental Fate and Effects Division; A. Kanarek, U.S.
Environmental Protection Agency / Retired; W. Lehmann, U.S. Environmental
Protection Agency / Water Protection Division; J. Awkerman, U.S. Environmental
Protection Agency / Gulf Ecosystem Measurement and Modeling Division

Risk managers are charged with interpretation of Ecological Risk Assessments
(ERA) and need to ensure decisions reflect a strong scientific basis of the models
used and understand uncertainties of both the models and assessments. Model
uncertainty is directly connected to model complexity, which is a critical element
of good modelling practice; however, there is little guidance on selecting the level
of model complexity appropriate for specific ERA objectives. We present a
framework that provides guidance for developing and applying models of varying
complexity in regulatory decision-making using population models. The
framework is centered on the trade-offs of generality, realism, precision, and
complexity for both ERAs and models with consideration of resource investment.
The framework considers what uncertainties are acceptable for an assessment
based on its objectives and uses those uncertainties to guide model development.
In doing so, our framework links the trade-offs of an ERA objective with those of
model building. Also central to our framework is the concept that complexity is
not independent of these trade-offs, increasing as models move both from general
to realistic, and from lower to higher precision. Complexity can increase such that
knowledge-based, or qualitative, uncertainties are reduced by adding mechanisms
or model functions that represent real-world scenarios. Complexity may also
increase such that the level of precision, or confidence in model output, is
increased through the addition or improvement of mathematical functions that
reduce quantitative uncertainty. Application of the framework first identifies
ERAs by their level of generality, realism, precision, and associated complexity
which is then used to guide commensurate trade-offs in model development. For
both ERAs and models, realism increases with species, spatial, and temporal
specificity and inclusion of real-world complexity, whereas generality is based on
surrogate species, contains less defined spatial and temporal scales, and has broad
applicability across locations. To demonstrate these concepts, we use case studies
that represent ERAs and associated models that represent various trade-offs within
the framework. While the framework presents an approach that will guide the
development of population models of varying levels of complexity based on the
objective of the ERA, the principles that define the framework can be applied to
other types of models used in ERA.

Effect Modelling for Regulatory Environmental Risk
Assessment: Current Applications and Future Directions

4.07.1

On the model choice for the prediction of chronic lethality

A. Gergs, Bayer Ag / Research & Development, Crop Science Effect Modelling;
J. Hager, Bayer Ag; C. Garside, Bayer AG, Crop Science Division /
Environmental Safety Assessment; E. Bruns, Bayer AG, Division Bayer
CropScience / Ecotoxicology; T. Preuss, Bayer Ag / Environmental Safety

The effect assessment of pesticides is based on acute (short-term) and chronic
(longer-term) toxicity tests with various species. In aquatic assessments, acute
testing focusses on lethality, while for chronic toxicity, sublethal endpoints such
as feeding, growth and reproduction are of additional importance. Usually, chronic
effect concentrations are lower compared to those derived from acute toxicity
tests. Toxicokinetic-toxicodynamic models allow for the extrapolation of chronic
toxicity based on acute test results as the explicitly account for mechanisms
behind and processes leading to an effect. In this study, we analyzed acute and
chronic effects for the case of imidachloprid, thiacloprid and flupyradifurone in
the non-biting midge Chironomus riparius. The three insecticides share a similar
mode of action but have different ecotoxicological profiles. We disentangled the
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mechanisms behind those profiles by a combination of Dynamic Energy Budget
(DEB) modeling and applications of the General Unified Threshold Model of
Survival (GUTS) to account for both sublethal and lethal effects. Using this
example, we will illustrate how lethality and sublethal effects may work in concert
on evoking chronic toxicity and that choosing the relevant model type is key to
successful extrapolations.

4.07.2

Modelling sublethal effects of chemicals: DEB model options and challenges
N. Sherborne, Syngenta / Environmental Safety; N. Galic, Syngenta Crop
Protection Inc. / Environmental Safety; R. Ashauer, Syngenta Crop Protection AG
/ Environment

Dynamic energy budget (DEB) theory is the leading candidate to model the
growth and development of animals, which is then perturbed by toxic exposure.
However, many different variants have been developed and used as the basis for
toxicokinetic-toxicodynamic (TKTD) modelling, each with their own data
requirements and limitations. We present a unified naming convention for the
predominant model variants within DEB theory and specify the assumptions each
variant relies upon. The result is a set of recommendations for the best model
variant to use based on knowledge of the species, stressor and the problem which
the model must solve. The considerations discussed and their implications
naturally imply a hierarchy of model complexity which allow the use of DEB-
TKTD to be maximised while minimising model complexity and amount of data
required.

4.07.3

Revisiting simplified DEBtox models for regulatory risk assessment of
pesticides

T. Jager, DEBtox Research / De Bilt; B. Goussen, IBACON GmbH; R. Ashauer,
Syngenta Crop Protection AG / Environment

Mechanistic effect models are gaining increasing interest in environmental risk
assessment (ERA). At the individual level, such models are termed toxicokinetic-
toxicodynamic (TKTD) models, aiming to replace descriptive hypothesis testing
and dose-response fitting as data-analysis tools. Since TKTD models explicitly
deal with the factor of ‘time’, they can be used to analyse and predict toxic effects
due to time-varying exposure, something that is essential for ERA of pesticides. In
2018, EFSA published a scientific opinion on TKTD modelling for regulatory risk
assessment of pesticides, including DEBtox for sub-lethal effects. The term
‘DEBtox’ was first used in 1996 for a software package that included a specific
set of simplified dynamic energy budget (DEB) models to analyse standard
aquatic toxicity data. However, after more than 20 years, the classical set of
simplified DEBtox equations needs an update. There are three specific reasons for
this update: 1) the classical DEBtox is not consistent with the broadly-accepted
GUTS framework for survival (which argues for a central position of ‘damage’),
2) the success of reserve-less DEB models for invertebrates (DEBKiss), and 3) the
specific needs for risk assessment of pesticides (time-varying exposure
conditions). In this contribution, an update to the classical DEBtox equations is
presented. The model is based on DEBKkiss, and formulated in terms of easy-to-
interpret compound parameters such as maximum body size and maximum
reproduction rate. This update also makes DEBtox consistent with the GUTS
framework, and allows for dealing with toxicant-induced (or environmentally-
induced) starvation. Furthermore, a case study will be provided to illustrate how
DEBtox can be used in practice to analyse toxicity data.

4.07.4

Testing DEBtox model predictions of effects of time variable exposure to a
fungicide on reproduction and survival of Daphnia magna

A. Focks, J.M. Van Smeden, 1. Roessink, Wageningen Environmental Research /
Environmental Risk Assessment

In 2018, the Panel on Plant Protection Products and their Residues (PPR) of the
European Food Safety Authority (EFSA) published a scientific opinion on the
state of the art of Toxicokinetic/Toxicodynamic (TKTD) models in prospective
environmental risk assessment (ERA) for pesticides and aquatic organisms. In this
scientific opinion, an overview of existing TKTD models is given for lethal and
sublethal effects for animals and primary producers, and an evaluation of the state
of science of these models is done. DEBtox models (Dynamic Energy Budget
toxicity models) account for sublethal effects of pesticides on growth and
reproduction. The EFSA scientific opinion identified some suggestions for
improvement of DEBtox models which would make them better suited for use in
regulatory risk assessment. The importance of having more examples for
applications of DEBtox models for the analysis of the effects of time-variable
concentrations of chemicals on growth or reproduction of aquatic organisms was
underlined. This study provides such an example, here studying effects of the
fungicide azoxystrobin on the water flea Daphnia magna following the
recommendations for model calibration and validation given in the EFSA
scientific opinion. Effects of azoxystrobin on growth, reproduction and survival of
D.magna were analysed for semi-static and pulsed exposure conditions. Under
semi-static exposure of up to 250 ug.L, D.magna showed no impacts on survival
and growth over a period of 21 days, but an inhibition of reproductive output. A
DEBtox model was calibrated to these data using the BYOM package in Matlab,
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and the calibrated model was used to define 2 time variable exposure profiles,
differing in the no-exposure-interval between two pulse exposures of
azoxystrobin. The exposure profiles were tested in validation experiments at low,
medium and high concentration levels, and results compared with the effect
predictions. The model predictions for the effects under pulsed exposure were
matching the observations for reproduction, but in the pulsed exposure effects on
survival were observed where the model did not predict any. This mismatch can
be traced back to uncertainty about the elimination rate constant in the DEBtox
model. The results indicate that for DEBtox models knowledge about the TK
parameters is key, and uncertainties in the TK can considerably influence the
quality of model predictions.

4.07.5

Assessing effects of salmon lice treatment (H202) on shrimp populations:
combined exposure, effect and population modelling

J. Moe, Norwegian Institute for Water Research (NIVA) / Section for
Ecotoxicology and Risk Assessment; T. Jager, DEBtox Research / De Bilt; D.
Hjermann, Norwegian Institute for Water Research (NIVA); E. Ravagnan,
NORCE Norwegian Research Centre AS / IRIS; O. Nost, G.H. Refseth,
Akvaplan-niva; R.K. Bechmann, NORCE Norwegian Research Centre / IRIS
Hydrogen peroxide (H202) is used as anti-parasitic biocide in salmon farms
worldwide. Since the treatment water is discharged to the sea, there are concerns
about effects of H202 on the coastal ecosystems. Our study focuses on the effects
of this biocide on populations of the Northern shrimp (Pandalus borealis), which
is an economically and ecologically important species in Norwegian fjords.
Shrimp may be exposed to multiple stressors including repeated exposure to
salmon lice biocides from surrounding aquaculture farms, commercial harvest,
and climate change. Laboratory experiments have demonstrated that even short
pulses (3 x 2 h) of exposure to H202 in concentrations well below the prescribed
treatment concentrations result in mortality of shrimp. The aim of this study is to
make this information more applicable for risk assessment and management of
Northern shrimp populations. We apply a chain of three models. (1) An
oceanographic model for the distribution of H202 in shrimp fields following
salmon lice treatment in different locations and seasons. (2) A mechanistic effect
model for individual survival probability (General Unified Threshold model of
Survival). The GUTS model is calibrated to the experimental data, and used to
predict survival probabilities under different scenarios of H202 exposure profiles
in the field. (3) An age-structured population model to project the effects of H202
exposure on shrimp population decline, under different scenarios of H202
treatment in different locations and seasons. The purpose of this model chain is to
predict effects of H202 exposure in combination with other stressors on
population-level endpoints such as long-term abundance, and to assess the risk of
shrimp population decline below threshold abundances. With this combination of
lab experiments and complementary modelling methods, we demonstrate how the
risk from H202 exposure to shrimp populations can be affected by factors such as
local oceanographic conditions, the season of the H202 treatment, and the
degradation time of H202.

4.07.6

Unexpected recovery and non-effects predicted with a mixture toxicity
implementation in a population model

K. Vlaeminck, Arche consulting / GhEnToxLab; K. Viaene, ARCHE; P. Van
Sprang, Arche consulting; K. De Schamphelaere, Ghent University (UGent) /
Environmental Toxicology

Current regulations in risk assessment are very substance-based and only regard
effects observed in lab-standardized tests on individual organisms. However, in
the environment organisms are exposed to mixtures of chemicals that vary in
concentration and composition. In addition, effects on individuals will have an
effect on populations and higher levels of organisation in the ecosystem.
Mechanistic, individual-based models have been proposed to tackle this issue as
they can integrate effects observed at the individual level to make an extrapolation
of effects at the population level. In addition, mechanistic models can be used to
describe the effects of mixtures. Mixture toxicity implementations of the General
Unified Threshold theory for Survival (GUTS) and the Dynamic Energy Budget
theory (DEBtox) are applied here: damage addition and independent action.
Integrating these models in an individual-based implementation, a model is
obtained that describes effects of mixtures on Daphnia magna populations. Two
population experiment were conducted exposing Daphnia magna mixtures of
different compounds (Cu, Zn, alfa-HCH, dicofol and pyrene). These compounds
have been selected for their suspected toxicological mode of action. The
populations were exposed for 2 months to these compounds, their binary mixtures,
and a ternary mixture. The population density over time was recorded bi-weekly
in all of the treatments. We calibrated an individual-based model for D. magna
based on the individual-level effects of the different substances. We validated the
implementation at the population level with the data from the population
experiment. We evaluated the different mixture toxicity implementations (i.e.
damage addition vs independent action). For Cu, the model was able to predict
(unexpectedly) recovery of effects over time. The independent action approach
was able to predict the effects for the Cu and Zn mixtures. Overall, we highlight
the applicability of mechanistic population models for predicting mixture toxicity
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effects at the population, based on effects observed on the individual level with
individual substances.

4.07.7

Calibrating and Validating the BEEHAVE model to field data

J.C. Rumkee, Syngenta; N. Galic, Syngenta Crop Protection Inc. / Environmental
Safety

The honeybee (Apis mellifera) is a key species worldwide for pollination, both in
terms of an ecosystem service and economically for professional beekeepers. In
recent years there have been reports of significant over-winter colony losses,
which has been a cause for concern for many.There are multiple potential causes
of honeybee colony loss, most notably the parasitic mite Varroa destructor and its
accompanying viral diseases. However, it is also important to consider the impact
of pesticides on the honeybee colony, especially for the risk assessment of these
chemicals. The BEEHAVE model is a large-scale integrated model of the
honeybee colony. It includes a cohort-based colony model simulating the in-hive
processes and regulations controlling the growth of the colony; a landscape
module allowing a landscape to be defined, comprising of many individually
parameterised food patches to represent the real landscape in question; a foraging
module providing realistic use of the landscape patches by the foraging bees and;
a Varroa and virus module, implementing the impacts of the Varroa mite and its
related diseases.In this work, we explore a calibration method for the BEEHAVE
model, and attempt to validate the model against a large, field-level dataset. The
dataset consists of 2 French apiaries, one in Alsace and one in Picardie, each
containing 6 colonies. The colonies were assessed over 4 years and the weather
and beekeeping practices applied were recorded and have been applied in the
model.Firstly, we performed a sensitivity analysis of key parameters in the model,
both one-at-a-time as well as including interactions.To calibrate the model, we
used a Latin hypercube method to provide 2000 parameter combinations spanning
our parameter space. We then ran the model using each of the parameter
combinations with 10 replicates. This method then gives options for the “best-fit”
parameter values, which was then used to provide a calibrated model for use in the
validation.When calibrating the model, we found that there are often many
parameter combinations giving similarly good fits, however it was possible to
attain a good fit to the empirical bee population data from the field studies. Initial
attempts at validation to independent field data set showed good matching of the
different patterns of colony development in the 4 different years.

4.07.8

On the use of population models in ecological risk assessment

E. McVey, J. Wassenberg, Ctgb / Ecotoxicology; D.P. Kulkarni, Ctgb NL; A.
Barsi, Ctgb / Dept of Theoretical Biology; A. Focks, Wageningen Environmental
Research / Environmental Risk Assessment

In contrast to the individual protection foreseen for humans in toxicological risk
assessments, under the auspices of the regulatory risk assessments for
ecotoxicology, protection of populations is assumed to be of greater relevance
than protection of individuals. This adds an extra layer of complexity to the risk
assessment, as determination of what effects, and what level of those effects,
would result in a population level effect remains a large unknown. As a
conservative measure, it is generally assumed that any effects which would result
in massive acute toxicity or effects on reproduction would result in population
level effects. Furthermore, conservative assumptions are made for the exposure of
the entire population (it is assumed that the entire population will be exposed at
the same, high, level). However, while it is assumed that this is a conservative
path, it is unlikely to be realistic for most uses being assessed. It is also not known
to what degree these levels of uncertainty cover the uncertainties inherent to the
risk assessment framework. Population modelling is one way to try to determine a
more realistic exposure for a population and determine a more likely population
level effect, over a longer period of time than is possible in traditional effect
testing. This presentation will summarize our experiences in evaluating population
models for mammals and conclude with our vision of the pros and cons of this
model as a stand-alone and in the context of the regulatory risk assessment for
birds and mammals from pesticides in the EU.

4.07.9

Aquatic risk assessment at catchment scale - case study on insecticide
exposure concentrations and effects on macroinvertebrates

W. Beltman, Wageningen Environmental Research / Environmental Risk
Assessment; h. baveco, Wageningen University and Research; L. Wipfler,
Wageningen Environmental Research / Environmental Risk Assessment Team; M.
Braakhekke, Wageningen Environmental Research / Team Environmental Risk
Assessment; S. Multsch, knoell Germany GmbH / Environmental Fate /
Modelling / GIS; F. Krebs, DR. KNOELL CONSULT GmbH; P. Kraft, L. Breuer,
Justus Liebig University Giessen / Institute for Landscape Ecology and Resources
Management; S. Bub, Tier3 Solutions GmbH; T. Schad, Bayer AG Crop Science
Division / Environmental Modelling

Key words: exposure, effects, risk assessment, landscape Landscape modelling is
meaningfull for future environmental risk assessment of aquatic ecosystems for
plant protection products (PPP). By assessing the risk at landscape levels more
realism can be included. The combined application of chemical fate and
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ecological effect models at individual and population levels allows the spatially
and temporally explicit quantification of risks. A case study will be presented
about an application of the developed tool to simulate PPP concentrations and
effects on macroinvertebrates in surface water within an entire landscape. A
landscape model is developed which integrates various environmental modules.
The hydrological model is being developed based on the hydrological
programming library ‘Catchment Modelling Framework (CMF)*'2. In the
landscape model the water flows and depths are used by modules for spray drift
module (xDrift, Bub and Schad, in press), e-fate (Cascade TOXSWA?), a GUTS
effect module (TKTD) and an individual-based population model based on
Dynamic Energy Budget (DEB) theory. The fate of the PPP can be simulated for
all reaches in the catchment. The GUTS model predicts survival probabilities and
margins of safety for a selected species. The population model predicts population
level consequences for this target species. In this case study a strongly sorbing
substance entered the water via spray drift resulting in PECs and LP50 analysed
for the macroinvertebrate Asselus by Strahler category. This general effects can be
calculated on the catchment scale. The result of this case study faciltates the
development of a framework for landscape risk assessment. [1] Multsch S, F
Krebs ,S Reichenberger, P Kraft, L Breuer, L Wipfler, W Beltman, T Schad, 2019.
A novel hydrological model to support landscape-scale aquatic risk assessment.
SPCXVI:Symposium on Pesticide Chemistry. [2] Kraft, P, KS Vache, L Breuer,
HG Frede,. 2010. A Hydrological Programming Language Extension for
Integrated Catchment Models. Environmental Modelling and Software, submitted,
manuscripté ENVSOFT-S-10-00017-1. [3] Focks F, M ter Horst, E van den Berg,
H Baveco, PJ van den Brink, 2014. Integrating chemical fate and population-level
effect models for pesticides at landscape scale: New options for risk assessment.
Ecological Modelling 280: 102-11.

Engineered Nanomaterials: Complex from Chemistry to Multi-
stressor Situations

4.08.1

Biological activity of fullerenol' nanoparticles. Bioluminescence monitoring
N. Kudryasheva, Federal Research Center Krasnoyarsk Science Center of the
Siberian Branch of the Russian Academy o; E.S. Kovel, FRC KSC SB RAS; A.S.
Sachkova, Tomsk Polytechnic University / School of Nuclear Science &
Engineering; G.N. Churilov, Institute of Physics FRC KSC SB RAS; G. Churilov,
Institute of Physics SB RAS, Federal Research Center Krasnoyarsk Science
Center SB RAS

Fullerenols (Fs) are specific allotropic form of carbon, nanosized
polyhydroxylated water-soluble derivatives of fullerenes, bioactive compounds,
and perspective pharmaceutical agents. We used bioluminescence assays, cellular
and enzymatic, to evaluate biological activity of Fs. A suppression of maximal
bioluminescence intensity is a quantitative characteristic of General Toxicity (GT)
in the environment. A particular feature of the enzymatic assay is a specificity to
oxidizers, it provides monitoring of Oxidative Toxicity (OxT) of environment. We
studied propertied of a series of Fs with different structure of carbon carcas and
number of oxygen substituents. Toxicity of Fs solutions was evaluated with
effective concentrations EC-50 using cellular and enzymatic assays. Both assays
were used to evaluate GT under conditions of an oxidative stress; this stress was
modeled in solutions of organic or inorganic oxidizers (1,4-benzoquinone or
potassium ferricianide). Additionally, enzymatic assay was applied to evaluate
OxT. Antioxidant efficiency of Fs was characterized by antioxidant coefficients
DGT or DOxT. Values of DGT >1 or DOXT >1 revealed antioxidant effects of the
Fs. All Fs demonstrated toxic effects at higher concentrations: from >0.01 to
>0.001 g/L; their antioxidant effect was found at low and ultralow concentrations:
ca 10-17-10-4 and 10-17-10-5 g/L for cell-based and enzyme-based assays,
respectively. No monotonic dependencies of DGT and DOXT on concentration of
Fs were found in a wide concentration range. Toxic and antioxidant effects were
shown to depend on a number of oxygen substituents in the F’s structure.
Biological activity of Fs were compared to this of the other bioactive compounds,
humic substances (HS), natural products of oxidative decomposition of organic
matter in soils. In contrast to HS, the F’s effects did not depend on time of
exposure. The Fs demonstrated differences in toxicity and antioxidant activity.
Antioxidant coefficients of Fs reached to 2.0, while these of HS did not exceed
1.5. Toxicity and high antioxidant activity of Fs were explained by ability of
reversible electron acceptation, free radical neutralization, and compact Fs
structure. The biological activity of Fs should be taken into consideration due to
risks of Fs intensive production by biotechnological industry in future. The work
was supported by the PRAN-32, grants of RFBR N18-29-19003mk, RFBR-
Krasnoyarsk Regional Foundation N 18-44-240004, 18-44-242002.

4.08.2

Impact of sewage sludge-borne Ag and TiO2 nanoparticles on Eisenia fetida
coelomocytes

A. Georgantzopoulou, Norwegian Institute for Water Research NIVA; C. Coutris,
Bioforsk / Dpt. for Soil Quality and Climate; K. Ndungu, NIVA; C. Vogelsang,
NIVA Norwegian Institute for Water Research; P.A. Carvalho, SINTEF Materials
and Chemistry; A. Almeida, NIVA Norwegian Institute for Water Research; A.L.
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Macken, Norwegian Institute for Water Research, NIVA

The majority of nanomaterials (NMs) used in commercial applications are likely
to enter the wastewater stream and reach wastewater treatment plants (WWTP).
Studies have shown high association of NMs with sewage sludge therefore soils
can be a sink for NM pollution making terrestrial organisms vulnerable. NMs
undergo transformations in different environmental matrices leading to altered
behaviour, bioavailability and subsequent toxicity that can differ from the
pristinepristine material. The NM transformation and the potential hazard they
pose in these compartments are poorly understood. The aim of the study was to
elucidate (i) the behaviour of Ag and TiO2 NMs in sewage sludge and sludge
amended-soil and (ii) the subsequent effects of transformed NMs on the
coelomocytes of the earthworm E. fetida.Spherical polyvinylpyrrolidone (PVP)-
coated Ag nanoparticles (Ag NPs, 25 nm) and uncoated TiO2 NPs (anatase, 5 nm
primary size, NM-101,JRC) were used in this study. Two types of sludge were
used for the exposures, one from a municipal WWTP (Oslo, Norway), and another
from a lab-scale WWTP simulating biological wastewater treatment processes
continuously dosed during 5 weeks with well-characterised Ag and TiO2 NPs.
Earthworms (adults E. fetida) were exposed to LUFA 2.2 soil amended with
sewage sludge at two application rates: 20 t ha™ (maximum recommended
application rate in Europe), and 3 times this application rate, i.e. 60 t ha™ (worst-
case scenario). After 12 and 39 days, coelomocytes were isolated from exposed
earthworms, and effects on cell population, metabolic activity, lysosomal integrity
and reactive oxygen species (ROS) formation were assessed. Characterization of
NMs in the sludge amended-soil and soil elutriates, in whole earthworms and
coelomocytes isolated from exposed earthworms, was carried out at the beginning
(day 0), during (day 12) and the end (day 39) of the exposure period, using
inductively coupled plasma-mass spectrometry (ICP-MS) and single-particle (sp)-
ICP-MS. Dose and exposure time-dependent effects were observed, with an
alteration in the cell composition of coelomocytes, increase in ROS formation and
decrease in lysosomal membrane integrity being more pronounced at the highest
exposure concentration. The importance of taking NM transformation into account
and the sensitivity of the E. fetida coelomocytes as a model to study the effects of
transformed NMs in vitro are discussed.

4.08.3

Host-microbiota interactions modulate the sensitivity of zebrafish larvae to
silver nanoparticle toxicity

B. Brinkmann, Institute of Environmental Sciences, Leiden University /
Environmental Biology; B.E. Koch, H.P. Spaink, Leiden University / Institute of
Biology (IBL); W. Peijnenburg, RIVM / Center for Safety of Substances and
Products; M.G. Vijver, CML Leiden University / Environmental Biology
Colonizing microbiota play a key role in human and environmental health,
contributing to nutrient uptake, energy metabolism and immune responses of
animals and plants. Metal-based nanoparticles that exhibit antimicrobial activity
pose an emerging threat to these beneficial microbiota-host interactions,
potentially altering the abundance, composition and activity of colonizing
microbiota. In view of this concern, we investigated the impacts of microbiota-
host interactions on the sensitivity of zebrafish larvae to antimicrobial
nanoparticles. We combined established gnotobiotic techniques and standardized
acute toxicity tests (OECD No. 236) to compare the sensitivity of germ-free and
microbially-colonized zebrafish larvae to silver and zinc oxide nanoparticles (nAg
and nZnO). We performed additional toxicity tests with silver ions (Ag+) and zinc
oxide ions (Zn2+) in order to derive the particle-specific toxicity of nAg and
nZnO by way of response addition modeling. In this way, we found that germ-free
larvae are more sensitive to nAg than microbially-colonized larvae, whilst the
sensitivity of germ-free and colonized larvae did not differ for Ag +, Zn2+ and
nZn0. To the best of our knowledge, we for the first time show that colonizing
microbiota offer protection against the particle-specific toxicity of nAg. This
warns that the effects of nAg may be more severe to humans and the environment
if these have been pre-exposed to antimicrobial agents. In this presentation, we
highlight the importance of taking microbiota-host interactions into account in
nanoparticle effect studies, and provide a method to screen for potential
interference of microbiota-host interactions with nanoparticle toxicity.

4.08.4

Environmental Risk Assessment of nanomaterials applied in the food and
feed sector

J.A. Meesters, National Institute for Public Health and the Environment (RIVM) /
VSP; J.T. Quik, RIVM / DMG; E.A. Bleeker, RIVM / VSP; W. Peijnenburg,
RIVM / Center for Safety of Substances and Products; J.A. de Knecht, National
Institute for Public Health and the Environment (RIVM) / Centre for Safety of
Substances and Products; M. Montforts, RIVM / Centre for Safety of Substances
and Products; J. Tarazona, European Food Safety Authority / Pesticides Unit; J.
SLODEK WAHLSTROM, EFSA - European Food Safety Authority / Scientific
Committee and Emerging Risks Unit; R. Schoonjans, European Food Safety
Authority / Scientific Committee and Emerging Risks Unit

Risk Assessment of nanomaterials is subject of numerous studies and research
projects. The compilation of this body of knowledge for use in the regulatory
domain is an ongoing process which often leads to guidance on how to deal with
nanomaterials in commonly known risk assessment approaches. For the food and
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feed chain EFSA published guidance on human and health aspects (Part 1) of the
risk assessment of nanomaterials. Here we present the first overview of existing
environmental risk assessment (ERA) approaches specific to the feed and food
chain in relation to their applicability to nanomaterials. Next to presenting existing
approaches to take into account specific behaviour of nanomaterials in the
environment, remaining knowledge gaps are identified. This work will form the
basis for EFSA to compile guidance on the environmental health aspect of risk
assessment of nanomaterials (Part 2). The food and feed cycle contains several
application types that potentially already include the use of nanomaterials, i.e.
food contact materials, novel foods, food additives, feed additives and plant
protection products (PPPs). Due to the nature of their application (e.g. spraying
and manure application to land) feed additives and PPPs are most likely to enter
the environment directly and require an environmental assessment by EFSA. The
current review therefore analyses all the relevant ERA related endpoints currently
applied to PPPs and feed additives, and combines this with an extensive literature
search on currently available ERA approaches relevant for feed additives and
PPPs. The result provides an overview of the ERA endpoints requiring an adapted
approach due to nanospecific behaviour and the potential approaches to address
this.

4.08.5

Poster spotlight: Bioactivities of polyligand Fe304 nanoparticles mediated by
surface chemical states

L. Bondarenko, Moscow Aviation Institute

Environmental Risk Assessment of Pharmaceuticals:
Connecting across Disciplines and Continents

4.09.1

Invasive ascidians as a tool for assessing the extent and effects of
pharmaceutical contamination in marine environments

G. Navon, Tel Aviv University / Zoology; A. Kaplan, D. Avisar, Tel-Aviv
University / Porter School of the Environment and Earth Sciences; N. Shenkar,
Tel-Aviv University / Zoology

Despite the global increase in the use of pharmaceutically active compounds
(PhACs) in human and animal medicine, efficient treatment of PhACs in
wastewater plants is still insufficient. This result in a chronic release of these
substances into the marine environment, where their presence presents a threat to
marine organisms. Measures of PhAC concentrations in marine waters and
sediments are not sufficient to predict exposure concentration by marine
organisms, as they provide only a snapshot in time. Additionally, it does not
illustrate the harmful effects and the fate of these compounds within living
organisms. We investigated the use of three solitary ascidian (Chordata,
Ascidiacea) species, Herdmania momus, Microcosmus exasperatus, and Styela
plicata, highly efficient filter-feeding sessile invertebrates, which are considered
as cosmopolitan invasive species, as bio-indicators of three common PhACs in
Israeli coastal waters. In addition, we exposed H. momus individuals to two
environmentally relevant concentrations of Carbamazepine (CBZ) under
controlled laboratory conditions, and examined their protein expression using a
proteomic approach. Results show that both the Mediterranean and Red Sea coasts
of Israel are contaminated with PhACs which were detected in twelve sampling
sites. Four sampling sites - Haifa marina, Sdot Yam, Ashdod marina and
Ashgelon marina, were contaminated with all studied PhACs. Diclofenac (DCF)
was the most frequently detected compound, present in 75% of the sampling sites.
The highest concentrations measured were 51.9 ng/g dry weight (dw) (of ascidian
tissue) of DCF at Ashdod marina, 47.8 ng/g dw of BZF at ‘Akko, and 14.3 ng/g
dw of CBZ at Sdot Yam. Finally, in response to exposure of H. momus individuals
to CBZ, differential expression was detected in 34 proteins, 3 of them are related
to stress responses. By exploiting the cosmopolitan distribution of invasive
ascidian species, PhAC contamination can be examined using a comparable
method with the same bio-indicator species in various locations around the world.
The alarming amounts of PhACs detected in ascidians along the coasts of Israel
emphasize the need for future research regarding PhAC contamination, in order to
provide essential data on the extant of this matter in coastal environments and
revealing the possible effects of these contaminants on marine organisms.

4.09.2

The AMR Industry Alliance: Where We Are, Where We Are Going and
Lessons Learned Along the Way

J.G. Tell, Merck & Co., Inc. / Global Safety and the Environment; D.J. Caldwell,
Johnson & Johnson / Environment Health Safety Sustainability; A. Haner, F.
Hoffmann-La Roche Ltd / Group SHE (LSR); J. Hellstern, Novartis; R. Journel,
SANOFT; J. Ryan, GlaxoSmithKline / EHS&S; J. Snape, AstraZeneca UK Ltd. /
Global Sustainability; T. Swenson, Pfizer, Inc.; J. Vestel, Merck & Co., Inc. /
Global Safety and the Environment

The AMR Industry Alliance brings together over 100 biotech, diagnostic, generic
and research-based pharmaceutical companies around the shared goal of curbing
antimicrobial resistance in the world. Alliance companies are committed to

74

contribute to and measure their efforts in fighting AMR across four key areas:
research, appropriate use, access and manufacturing and the environment. Work
on these efforts were initiated in 2016 to tackle specific commitments made to the
United Nation’s General Assembly. The AMR Alliance generic and research-
based pharmaceutical companies agreed on a framework that promotes
responsible antibiotic manufacturing as well as developing the first list of science-
based discharge targets to guide environmental risk assessments for the
manufacture of antibiotics. Specific commitments were made with progress
tracked and published on a biennial basis. Highlights of the work accomplished to
date, plans for the future, and key lessons learned along the way will be shared.

4.09.3

Occurrences and biological effects of emerging and legacy contaminants
around a marine sewage outfall

C. Espeland, S. Beoe, M. Obradovic, M. Irfan, University of Stavanger /
Department of Chemistry, Bioscience and Environmental Engineering; E. Lyng,
NORCE Norwegian Research Centre; C. Rautenbach, South African Weather
Services; D. Schlenk, University of California, Riverside / Department of
Environmental Sciences; L.F. Petrik, University of the Western Cape South Africa
/ Chemistry Environmental and Nano Science Group; M.O. Sydnes, D.M.
Pampanin, University of Stavanger / Department of Chemistry, Bioscience and
Environmental Engineering

Marine sewage outfalls are major contributors of complex mixtures of
pharmaceuticals and personal care products (PPCPs), other emerging
contaminants (ECs) of concern and legacy contaminants, such as polychlorinated
biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs), that represent
important ecological challenges in aquatic environments. Most traditional
wastewater treatment plants (WWTPs) are not designed to remove PPCPs and
other ECs, which are increasingly used in urban areas. Previous research in our
group has shown that complex mixtures of PPCPs and ECs originating from urban
runoffs and marine sewage outfalls are present in water bodies, and has also
accumulated in sediments and biota. Herein, a monitoring study was performed
around the marine sewage outfall from the IVAR SNJ Biological WWTP (300
000 personal equivalents), located 1.6km North West of the Stavanger peninsula
in Norway. In order to evaluate the environmental impact of the sewage outfall, a
monitoring study was designed for sampling and analysis of water, sediments and
biota. The fate of the sewage plume was estimated by using the numerical model
DREAM (Dose-related Risk and Effect Assessment Model) using data from ocean
current forecasts and discharge rates for the planned sampling period. Samples for
chemical and biological analyses were collected from six stations around the
Stavanger peninsula at different distances from the sewage outfall. Environmental
concentrations of PPCPs, ECs and legacy compounds were measured in water and
ultrasonicated extracts of sediment and biota by solid phase extraction followed by
liquid chromatography-tandem mass spectrometry (SPE-LC-MS/MS). Biological
parameters related to neurotoxicity, genotoxicity, histopathology and general
environmental stress were measured. The biota analyzed for chemical and
biological parameters consisted of the Norway lobster (Nephrops norvegicus), the
Norway king crab (Lithodes maja) and the common periwinkle (Littorina
littorea). No alterations were observed in the general physiological health of
organisms, indicating that the sewage plume does not seem to affect the general
environmental stress conditions of the coastal area. The results from the biological
tests will be discussed in depth and related to concentrations of PPCPs in
environmental martices and to the sewage plume model.

4.09.4

The Influence of Manure pH on the Degradation of Selected Antibiotic
Compounds

J.H. Nightingale, University of Leeds and Fera Science Ltd / CCSS; L. Carter,
University of Leeds / School of Geography; C. Sinclair, P. Rooney, FERA
Science Limited / CCSS; P. Kay, University of Leeds / School of Geography

It is well known that veterinary antibiotics are present within animal manures and
as a result are often are released into the environment. Antibiotics degrade via
abiotic/biotic processes within manure storage systems, and it is critical to
consider the rate of dissipation within these systems to accurately predict
concentrations applied to land. Currently there is large variation between the
determined values for the half-lives of the same compound within animal manure,
probably due to differences in manure properties such as pH. To assess the effect
of manure pH, an anaerobic dissipation experiment was conducted at varying
environmentally relevant pH’s (5.5, 7.0 and 8.5) on a broad range of antibiotic
compounds: ceftiofur, florfenicol, oxytetracycline, sulfamethoxazole and tylosin.
Pig slurry pH had a dramatic effect on degradation rates, the extent of which was
on a compound specific basis. Results revealed that alkaline manure conditions
favoured the dissipation of florfenicol, ceftiofur and tylosin over that of neutral
and acidic conditions. Acidic conditions retarded the dissipation of these
compounds considerably, resulting in higher DT50 values than that of alkaline
conditions 2hrs< 8.7d, 0.59hrs< 2.13hrs, and 3.52hrs< 9.75d respectively.
Conversely sulfamethoxazole appeared to dissipate faster under acidic conditions
over that of neutral or alkaline, although the effect was not as profound the finding
is still of interest (DTS50 20.6hrs< 5.12 days). Manure pH had relatively little
effect on the dissipation rate of oxytetracycline, revealing this is not an important
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parameter for this compound. Overall, the results suggest that manure pH is an
important factor that needs to be taken into account in assessing the environmental
risk of veterinary antibiotics, in order to avoid underestimation of the persistence
of these compounds. Further research will investigate whether antibiotic
dissipation is biotic/abiotic and whether pH-dependent differences in dissipation
rates arise via different dissipation routes or from rate differences for the same
route.

Environmental Risk Assessment of Polymers

4.10.1

Environmental concern of cationic polymers: a literature review

A. Brun, Aarhus University / Department of Environmental Science; J.M.
Rawlings, Procter and Gamble Company / Global Product Stewardship; J. Brill,
M. Lam, Procter & Gamble Company / Global Product Stewardship; M. Hansen,
Aarhus University / Department of Environmental Science; S.E. Belanger, Procter
& Gamble Company / Global Product Stewardship; H. Sanderson, Aarhus
University / Environmental Science; K.A. Connors, Procter & Gamble Company /
Global Product Stewardship

There is increasing regulatory attention on polymers. Currently, no registration is
required in many countries — e.g. within REACH in Europe. This lack of
registrations is getting increasing attention and is potentially about to be
reassessed. In order to implement registration of polymers in REACH, the unique
testing and methodological challenges of polymers must be understood.
Additional environmental effects testing may necessary. In order to prioritize
polymers of interest and guide future testing, a detailed analysis of what is known
is needed. Cationic polymers are widely used in industry but relatively little
environmental toxicity data on polymers is available within the public domain.
Hence, this review assesses the quality of the data generated in the past and the
challenges we are facing in the future, the degree to which scientists report
important phys/chem properties and experimental designs when testing these
materials. To address this we conducted a systematic review of the environmental
impact of cationic polymers, with an in depth focus on were the data exists,
identifying data gaps and of what quality the published data is. The review
followed Cochrane’s method for a systematic review and papers identified as
relevant during the initial screening were scored according to Klimisch. The result
of this review gives an overview of the quality of the literature published on
cationic polymers as well as bring light upon what the most tested and hence well-
known compounds are. The review point toward a data gap in peer-reviewed
literature on cationic polymers. Several different cationic polymers with various
chemical and physical properties as well as very different application areas were
identified of varying reporting quality. Information on analytical methods, effect-
and fate data based on the prioritized literature from the specific search was
obtained. A comparison of the different fields of interest showed a difficulty of
combining knowledge, since very few compounds would be represented in all
three categories. E.g. a lot of the fate data is derived from mine effluent studies,
whereas some of he most in depth-effect data is published on a polymer applied in
consumer products. Data is found in different areas, and the pieces of information
from the published papers are not enough to conduct a full environmental hazard
profile. This information should be applied in further data-generation and
evaluation of cationic polymers.

4.10.2

Cationic polymers - aquatic toxicity and modelling challenges

H. Sanderson, Aarhus University / Environmental Science; S.E. Belanger, Procter
& Gamble Company / Global Product Stewardship; A. Brun, Aarhus University /
Department of Environmental Science; K.A. Connors, M. Lam, Procter & Gamble
Company / Global Product Stewardship

Polymers are currently exempt in REACH and generally not reviewed for
environmental risk in most regulatory programs. They are exempt based on the
assumption that their significant molecular weight and low water solubility
renders them less toxicologically available. Cationic polymers are highlighted as
polymers of potential environmental concern due to their aquatic toxicity and
potential to exert physical impacts as a function of their charge density. The big
question now is - how to assess aquatic toxicity and model this for cationic
polymers in the context of REACH? This presentation will provide an overview of
cationic polymers, potential toxic mechanism of action and evaluate the different
toxicological descriptors with using polyquarterniums as the example. We will
demonstrate what is known about the materials based on the literature such as the
USEPA 1996 assessment of polymers by Boethling and Nabholz. We will
demonstrate a state-of-the-art review of available data and (Q)SAR models to
assess cationic polymers as an illustration of wider polymer regulatory and
scientific challenges. We will present current QSAR developments for cationic
polymers and assess the descriptor transferability of QSPR models to toxicity
(Sanderson et al. 2019 (Springer Protocols Ecotoxicological QSARs)). We will
analyze the (Q)SAR development needs and directions of cationic polymers by
applying the OECD principles for developing (Q)SARs. Fragment based
modelling approaches will be presented in light of sparse toxicity data. Key
descriptors will be prioritized for fish, daphnia and algae. The scientific challenges
and future needs for these materials in terms of better understanding the toxic
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mechanism, toxicological descriptors, and (Q)SARs are discussed in support of
evolving regulatory needs.

4.10.3

‘What Historical Assessment of Polymers in General and Fluoropolymers
Specifically Has Taught Us

B. Henry, J.P. Carlin, J.A. Hammerschmidt, W.L. Gore & Associates, Inc.
Starting in the ‘70s, many thousands of polymers and their physical, chemical and
biological properties have been examined by various regulatory authorities around
the globe to determine which properties were predictive of adverse human health
or environmental effects. In the OECD and in many countries these were codified
into what is now known as Polymer of Low Concern (PLC) criteria. Polymers
meeting these PLC criteria have different chemical notification requirements than
other substances in these coutries. In some countries, polymers were exempted
altogether from chemical notification requirements. The advent of national laws
requiring chemical notification before commercialization of substances within a
jurisdiction necessitated collection, review and interpretation of new substances
including polymers. For example, the US EPA scientists were required by statute
to determine, within 90 days of receipt of the notification, whether or not the new
substance “may present an unreasonable risk of injury to health or the
environment”. This chemical-by-chemical assessment of thousands of data
packages lead to the development of tools to assist in the identification of
physical-chemical properties, potential hazard, and potential exposure to assist in
and expedite the chemical review and assessment process. The predictive power
and reliability of these approaches were tested and refined leading to validation of
tools and the development of general principles or criteria for the identification of
chemicals, including polymers, with low hazard potential. About 10 years later, in
1993, the OECD Expert Group on Polymers agreed on a consensus document
identifying Polymer of Low Concern criteria and the definition of a polymer,
which remains in use today. These criteria are: chemical composition, molecular
weight, molecular weight distribution, oligomer content, electrical charge, reactive
functional groups, low molecular weight leachables (including residual monomers
and additives), solubility in water and lipids and biotic/abiotic/thermal stability.
By 2009, the OECD Expert Group on Polymers agreed that PLC are those deemed
to have insignificant environmental and human health impacts. Using the
polymeric PFAS class of fluoropolymers, these OECD PLC criteria are detailed
and their relevance to human and ecological hazard explained. Through the
example of fluoropolymers, these same polymer properties predictive of human
and environmental hazard may be applied to the determination of what would
make a polymer worthy of REACH registration.

Fate, Effects and Risk Assessment Procedures for Chemicals
in Tropical and Neotropical Regions

4.11.1

Environmental risk assessment of pesticides in tropical terrestrial
ecosystems: Test procedures, current status and future perspectives

M. Daam, CENSE, New University of Lisbon; S. Chelinho, CFE Centre for
Functional Ecology / Department of Life Sciences of University of Coimbra; J.C.
Niemeyer, UFSC; O.J. Owojori, Obafemi Awolowo University / Zoology; P.C.
De Silva, University of Ruhuna / Department of Zoology; J. Sousa, University of
Coimbra / Department of Life Sciences; C. van Gestel, Vrije Universiteit
Amsterdam / Ecological Science; J. Rémbke, ECT Oekotoxikologie GmbH
Despite the increasing use of pesticides in tropical countries, research and
legislative efforts have focused on their temperate counterparts. In this study a
review of the literature on environmental risk assessment of pesticides for tropical
terrestrial agroecosystems was made. This was aimed at evaluating potential
differences in pesticide risks between temperate and tropical regions as well as to
highlight research needs for the latter. Peculiarities of pesticide risks in tropical
terrestrial agroecosystems are discussed in the following subsections: 1)
agricultural practices; 2) research efforts; 3) fate and exposure; 4) toxicity testing
methods; and 5) sensitivity. The intensive and often inadequate pesticide
application practices in tropical areas are likely to result in a relatively greater
pesticide exposure. Since pesticide fate may be different under tropical conditions,
tropical scenarios for models estimating predicted environmental pesticide
concentrations should be developed. Sensitivity comparisons do not indicate a
consistent similar, greater or lower relative sensitivity of tropical soil organisms as
compared to temperate organisms. However, several methods and procedures for
application in the tropics need to be developed, which include: 1) identifying and
collecting natural soils to be used as reference test substrates in tests; 2)
identifying and discerning the range of sensitivity of native test species to soil
contaminants; 3) developing test guidelines applicable to tropical/subtropical
conditions; and 4) developing methods and procedures for higher tier testing for
full development and implementation of environmental risk assessment schemes.

4.11.2

Endocrine disrupting compounds in Brazilian reservoirs are affecting
gonadal steroids of two fish species, Astyanax fasciatus and Hoplias
malabaricus

SETAC Europe 30th Annual Meeting Abstract Book



M. Escalante-Rojas, Instituto de Biociencias Universidade de Sao Paulo /
Fisiologia; C. Tolussi, Anhembi Morumbi University / Health of science school,
A.D. Gomes, Instituto de Biociencias Universidade de Sao Paulo / Departamento
de Fisiologia; M. Muiioz, Instituto de Biociencias Universidade de Sao Paulo;
G.B. Souza, Embrapa Amazonia Ocidental; R.G. Moreira Whitton, Instituo de
Biociencias Universidade de Sdo Paulo / Department of Physiology

The aquatic environments have been affected by contaminants due to the intense
anthropogenic activities. Many of these substances can be considered as endocrine
disrupting compounds (EDCs) that have the potential to alter the reproduction of
fish in different levels of biological organization. The aim of this study was to
evaluate the impact of the water contaminants present in polluted reservoirs acting
as possible EDCs on the reproductive physiology of Astyanax fasciatus and
Hoplias malabaricus, neotropical teleost species with different reproductive
strategies, using biomarkers at different levels of biological organization. Adult
males were collected during summer and winter in three different sites of the same
basin: Ponte Nova reservoir (PN), considered as a reference site, and points
located in two different reservoirs subjected to a great anthropogenic impact,
Bororé and Taquacetuba branches from Billings reservoir (BIL) and Embu-Guagu
and Barragem branches, and Guarapiranga reservoir (GUA). Plasma steroid level
of testosterone (T), 11-ketotestosterone (11-KT) and estradiol (E2), as well as,
hepatic vitellogenin (vzg4) and pituitary follicle stimulating hormone B subunit
(fshp) gene expression were used as biomarkers. The results showed that the
biomarkers analyzed did not differ between the two seasons of the year for both
species living in the reference reservoir (PN). However, H. malabaricus males
from BIL and GUA reservoirs presented higher plasma levels of the androgens T
and 11-KT and higher fshp gene expression in comparison to males from PN
reservoir, mainly during summer. In addition, higher values of gene expression of
vtg-A were observed in H. malabaricus males living in BIL and GUA reservoirs
compared to PN. Similar results were found in 4. fasciatus males also in relation
to plasma levels of T and 11-KT and fsAf gene expression. E2 plasma levels were
also higher in both species sampled in BIL, but mainly during the winter. These
data allow us to suggest that there are contaminants acting as EDCs in both
reservoirs, affecting the gonadal steroid profile and increasing gene expression of
fshp in both species studied, while the so called exposition biomarker, vzg4 was
altered only in H. malabaricus males.

4.11.3

The effects of aluminum associated with acid pH and increased water
temperature on the sperm quality of the neotropical freshwater teleost
Astyanax altiparanae

J. Pinheiro, Universidade de Sao Paulo / Department of Physiology; C.B. de
Assis, Universidade de Sao Paulo / Department of Physiology, Instituto de
Biociéncias; R.G. Moreira Whitton, Instituo de Biociencias Universidade de Sao
Paulo / Department of Physiology

The introduction of metals, such as aluminum (Al), into the aquatic environment
affects various physiological processes of animals, for example, reproduction.
Facing the climate change, there are no data available to evaluate the seminal
quality of teleosts exposed (in vivo) to metals in association with environmental
factors, such as temperature, during the reproductive period. Thus, this study aims
to evaluate the effects of subacute exposure of Astyanax altiparanae males to Al
at environmental concentration, as well as the individual and/or synergistic actions
of water temperature and acid pH on the seminal quality of this species. Sexually
mature male A. altiparanae (n=360) were subdivided into nine groups: six groups
without the addition of Al in acid or neutral pH in three different temperatures
(20, 25 and 30°C, respectively) and the other three groups containing Al in the
water (0.5 mg.L") at acid pH, in the same temperatures described. Before seminal
collection, the animals were stimulate to spermiation with pituitary extract of
common carp (5 mg.kg™"). The fish were sampled after 24 and 96h of exposure for
the evaluation of the following sperm parameters: sperm osmolality,
concentration, motility, and ultrastructure. Data were analyzed by two way
ANOVA and Holm-Sidak (P< 0.05). Al in the water at the higher temperature
(30°C) reduced (p < 0.05) osmolality (at 24h and 96h) and sperm concentration (at
24h). When analyzing sperm kinetics (10s post-activation), it was observed that
the presence of Al caused a reduction of ~10% in sperm motility at 30°C in both
exposure periods. At the sperm activation time (30s), Al triggered a reduction in
the motility by more than 30% at all temperatures when animals were exposed for
24h. When this exposure time was longer (96h), both acid pH and the addition of
Al in water reduced sperm motility, being more pronounced when acidity was
combined with metal. Besides, the presence of Al in the water generated
ultrastructural changes in the sperm head, midpiece, and flagella, regardless of
water temperature. Also, it was found that the metal at 30°C caused a reduction
(p< 0.05) of the sperm head area and at 20°C reduced (p< 0.05) the area of the
midpiece. Under the experimental conditions described here, acidity influenced
spermatic parameters of A. altiparane, but the presence of Al in the water at
ambient concentrations accentuates these effects, reducing seminal quality.

4.11.4

Parhyale hawaiensis as a key species for ecotoxicity evaluation in marine
tropical environments

G. Umbuzeiro, School of Technology- UNICAMP / LAEG Laboratory of
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Ecotoxicology and Genotoxicity; M. Artal, University of Sao Paulo - USP /
Toxicology and Toxicology analysis; A. dos Santos, University of Sao Paulo -
USP / School of Pharmaceutical Sciences; M. Vannuci-Silva, University of
Campinas / Institute of Biology; F. Vacchi, University of Campinas; M. Tenorio
Botelho, V. Gomes, University of Sdo Paulo / Department of Biological
Oceanography; H. Marques-Souza, University of Campinas / Institute of Biology;
T. Henry, Heriot-Watt University / Nano Safety Research Group

Parhyale hawaiensis is an epibenthic amphipod with circumtropical distribution
and well recognized as a model organism in developmental, evolutionary and
regenerative studies. In addition to the concise biological information available, P.
hawaiensis is easy to handle and maintain in laboratory conditions and well
distributed in the Brazilian coast. Despite the necessity of model organisms from
marine ecosystem and the attributes of P. hawaiensis, this organism has been
poorly explored in ecotoxicology. Recently we joined efforts to develop P.
hawaiensis as a key species for ecotoxicity evaluation in marine environments.
The objectives were to develop standardized culture conditions, ecotoxicity tests,
a method for internal dose analysis, develop and optimize genotoxicity techniques
and to explore sex-specific molecular responses after chemical exposure in P.
hawaiensis. Successive generations have been successfully cultivated in the
laboratory since organisms were collected from the field. The developed
miniaturized acute toxicity test provided reliable responses with results in the
same range of sensitivity reported for other amphipods. We also developed a
miniaturized protocol to test sediment that was successfully applied and confirmed
toxicity from samples under the influence of a sewage outfall (Santos, Brazil).
Chemical analysis in the hemolymph were used to measure internal concentrations
and were key in the understanding the differences on AgCl and AgNP exposures.
Animals exposed via food to AgNP had a higher concentration of Ag in the
hemolymph in comparison with AgCl. The comet assay did not detect DNA
damage at any AgNP food concentration and exposure time evaluated. However,
micronucleus frequency increased in organisms fed with AgNP in all exposure
time evaluated, especially at the highest concentrations. To broaden our
ecotoxicity information with P. hawaiensis we investigated sex-specific responses
of animals exposed to AgCl and AgNP using RT-qPCR and RNA-Seq. Males
presented twice the number of differentially expressed genes in comparison to
females. In both sexes an increase of genes that were differentially expressed was
observed for AgNP treatment. Our work demonstrated that P. hawaiensis is a
suitable and reliable organism to be used in ecotoxicological studies. We
expanded the information and tools to make P. hawaiensis a model organism in
ecotoxicology and to be used in future studies.

Multidisciplinary Efforts to Advance Knowledge on
Environmental Risk Assessment of Chemicals for
Amphibians and Reptiles

4.12.1

In vitro assays as predictors for gold nanorods effects in embryos of Xenopus
laevis

B. Rabelo Costa, Department of Biology & CESAM - University of Aveiro /
Biology; M. Oliveira, University of Aveiro & CESAM / Department of Biology &
CESAM - Centre for Environmental and Marine Studies; M. Almeida, University
of Aveiro / department of Biology & CESAM; A.M. Soares, Universidade de
Aveiro / Dep. Biology & CESAM,; 1. Lopes, University of Aveiro / Department of
Biology & CESAM - Centre for Environmental and Marine Studies

Several works have been published focused on the toxicity exerted by
nanomaterials (NMs) to biota. Namely, limited ecotoxicological knowledge on the
effects of NMs to amphibians exist, though it is recognized as the class of
vertebrates with the highest proportion of threatened species. Furthermore, there is
significant interest among the toxicology and regulatory communities in moving
towards a decrease of animals use for the assessment of ecotoxicity. In this
context, the present study aimed to determine if in vitro assays may be good
surrogates of the embryo toxicity teratogenesis assay Xenopus (FETAX) to assess
the ecotoxicity of gold nanorods (AuNR) to aquatic-phases of amphibians. For
this, the toxicity of AuNR (axial and long size: 10 and 45nm, respectively) was
evaluated in vivo by performing the FETAX assay and in vitro by using kidney
epithelial cells (A6) and fibroblast cells (XTC-2) from X. laevis, performing the
MTT, Resazurin (RES), Neutral Red Uptake (NRU) and DCF-DA assays. The
LCsoen for X. laevis embryos was 73 pg.L! AuNR. Exposure to AuNR
significantly reduced the hatching rates, with an ECsoen of 62 pg.L™". A
significant decrease in body length (LOEC: 59 pg.L™"), total body length and tail
length (LOEC: 39 pg.L™! for both) of the larvae exposed to AuNR was also
observed. The AuNR caused a decrease of cell viability, for cell line A6 with
estimated ICso of 40 pg.L"! for MTT, 354 pg.L"! for RES and 380 pg.L' for NRU
(lysosome dysfunction). The AuNR decreased cell viability of XTC-2 cells with
estimated ICso of 286 pug.L™! for MTT, 330 ug.L"! for RES and 369 pg.L' for NRU
(lysosome dysfunction). The AuNR increased the production of ROS in both cell
lines, in relation to control, in concentrations > 0.007 pg.L"' AuNR. The MTT
assay revealed cell line A6 to be more sensitive to AuNR than XTC-2. The
obtained results suggest that cell lines may be a good surrogate for the FETAX
assay as they may be as sensitive as the latter assay and constitute a simple and
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inexpensive methodology for early stages of risk assessment. Nevertheless, it is
important to test multiple cell types originating from different organs to ensure
evaluation of different effect pathways, as different chemicals may affect diverse
metabolic pathways in the cells. Therefore, further knowledge must be generated
for other chemicals concerning comparative studies, in vivo vs in vitro, with the
aim to find sensitive assays and cell models along with the corresponding
assessment factors to be applied.

4.12.2

Modelling the potential pesticide exposure to amphibians

P. Thorbek, BASF SE / Agricultural Solutions; N. Green, A. Schmolke,
Waterborne Environmental, Inc. / -; D. Nickisch, A. Singer, Rifcon GmbH; S.
Gebler, L.B. Azevedo, BASF SE / Agricultural Solutions; L. Weltje, BASF SE /
Ecotoxicology

Amphibians are a taxonomic group that differ physiologically and ecologically
from other vertebrates for which risk assessment schemes for pesticides already
exist. While fish and tadpoles show similar sensitivity to chemicals, there is
uncertainty about potential pesticides exposure and sensitivity of the terrestrial
amphibian life stages. In their Scientific Opinion on amphibian and reptile risk
assessment, EFSA (2018) proposes the use of population and movement
modelling and presents a model of the great crested newt (Zriturus cristatus).
However, the great crested newt may not be the most relevant focal species for
agricultural landscapes in Europe and there are many gaps in the knowledge about
its ecology. Therefore, we selected the common toad (Bufo bufo) and common
frog (Rana temporaria) as model species because they are known to be the most
abundant amphibians in agricultural landscapes across Europe and their ecologies
are well studied. Here we present a modular model framework that combines a
dynamic landscape with modules for movement, exposure and toxicokinetic
toxicodynamic (TKTD). A priority in the development of the landscape and
exposure modules was to enable parameterisation with data generated in different
risk assessment relevant sections (e.g. FOCUS groundwater and surface water)
and using well-tested modules, such as the GUTS model. The model framework is
presented with scenarios covering different landscape structures and application
times. Amphibians have specific movement patterns, depending on whether they
are migrating to the breeding ponds in spring or dispersing to forage summer
and/or migrate back into over-wintering grounds. This difference in behaviour in
combination with the vegetation cover at the time of an application significantly
influences exposure and thus the risk to amphibians. Furthermore, different
exposure routes contribute differently to the overall body burden and resulting
endpoints depending on ecology of species, body weight, bioavailability and
residue level in micro-habitats utilized by amphibians. The modular model
framework offers the flexibility for expansions with other modules such as
population dynamics for population relevance assessments and single modules can
be adapted e.g. another TKTD module can be used to focus on chronic risk or the
movement module can be re-parameterised for other species.

4.12.3

A landscape-scale population model for pesticide impact assessment for
terrestrial phases of Great Crested Newts

C.J. Topping, Aarhus University / Department of Bioscience; M. Ortiz
Santaliestra, Spanish Institute for Game and Wildlife Research (IREC) UCLM-
CSIC-JCCM

Individual-based models have gained acceptance as a tool in environmental risk
assessment (ERA) of pesticides for scaling-up individual to population-level
effects. Amphibians are not routinely included in the ERA of pesticides despite
growing evidence pointing that these product would play a major role on their
population declines. EFSA has recently drawn attention towards the need to
provide a protective ERA for amphibians, including how to translate individual
data generated in laboratory into population outcomes. We present an individual-
based model, created with ALMaSS (Animal, Landscape and Man Simulatoin
System), for the Great Crested Newt (Triturus cristatus), an amphibian species
widely distributed across Europe and frequent in agricultural landscapes.
ALMaSS provides a tool for simulating individual performance and crop
management practices, including pesticide applications, over the representation of
a real landscape. We used ten Danish landscapes with different structures and
uses, and fit the model using T. cristatus information collected from the scientic
literature. After fitting, we run three different scenarios to go through the process
of incorporating individual-level effects of pestcides into population simulations.
The first scenario was the establishment of a baseline for stable population size in
each landscape after a 30-year simulation. The second scenario incorporated the
effects of pesticide overspray, according to the management of each crop type,
assuming a 5, 25, 50, 75 or 100% mortality of the oversprayed newts. For the
landscape where pesticides caused greatest impact, we run additional simulations
to check how population would be affected assuming that all fields would be
subject to the most intensive management (i.e. that of spring barley), which
resulted in a much faster and sharper reduction in population size. The third
scenario analyzed how population would recover after one or 20 consequetive
years of pesticide applications. Besides serving to the translation of individual
mortality to population-level effects, further applications of this model shall
include the incorporation of sublethal effects, or the evaluation of landscape
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features associated with increased resilience that could serve to develop risk
mitigation measures.

Real Risks in Real Soils: Linking Exposure and Effects in a
Multifaceted World

4.13.1

UNCERTAIN decisions in soil risk assessment - standing on solid ground or
on feet of clay?

B. Scholz-Starke, darwin statistics / darwin statistics; L.C. Carniel, University of
Coimbra / Life Sciences; P. Craig, Durham university / Mathematical Sciences; S.
Jansch, ECT Oekotoxikologie GmbH; P. Kotschik, German Federal Environment
Agency (UBA) / Plant Protection Products; T. Natal-da-Luz, CloverStrategy /
CloverStrategy; S. Pieper, German Federal Environment Agency (UBA) / Plant
Protection Products; J. Sousa, University of Coimbra / CFE - Centre for
Functional Ecology, Department of Life Sciences; S. Walter-Rohde, German
Federal Environment Agency (UBA); J. Rémbke, ECT Oekotoxikologie GmbH
Almost every decision in environmental risk assessments of chemicals (ERA) has
to be taken under considerable uncertainty, be it due to incomplete knowledge,
unspecific definitions, low data availability, the need for extrapolation beyond
measured processes or due to the intrinsic, unavoidable variability of natural
systems. There is increasing interest in quantifying the uncertainties that come
with ERAs. The UNCERTAIN project approaches the problem for the soil ERA
from different angles, referring to the recommendations of European Food Safety
Authority (EFSA). A framework that systematically lists and classifies all sources
of uncertainty is developed, based on a common language and concept. We
deconstruct the soil ERA in its components (extrapolation of effects to untested
situations, decisions on model parameters) and search systematically for sources
of uncertainty. The comprehensive overview guides the weighting of the
uncertainty sources and helps to decide which are most important and which are
possibly quantifiable. Systematic literature research yielded 191 records in the
core domain “uncertainties soil ERA”. The interest is constantly growing from the
1990ies. Databases holding regulatory and scientific studies (EPA ECOTOX,
UBA ICS, UBA ETOX) are queried, screened for soil ecotoxicity data, and
harmonized for mutual use. In total, about 15.000 datasets are available. Once
identified, the individual contribution of each of the components may be
quantified as far as possible. For this to be addressed, data from international
ecotoxicological databases are combined with tailor-made experiments, which
investigate the influence of soil properties modulating bioavailability and thus
ecotoxicological values observed, using several (non-standard) test species. Data
is used to populate a hierarchical random effects (Bayesian network) statistical
model. The Bayesian computational approach will link all components of
uncertainty, e.g. dose-response differences between laboratory and (semi-) field
studies and interspecies variability. Our findings can be directly used to inform
regulators on how to calibrate the tiered-risk assessment and how to derive
protective uncertainty factors, with special regard to the development of new
guidance for ERA of in-soil organisms. The extrapolation from results of
laboratory studies to the field situation is considered of pre-dominant importance
for the overall uncertainty within soil ERA.

4.13.2

Is the concentration addition model sufficient to predict toxicity of tank
mixtures to non-target soil organisms?

F. Benedet de Santo, Universidade de Coimbra / CFE - Centre for Functional
Ecology, Department of Life Sciences University of Coimbra; T. Natal-da-Luz,
University of Coimbra / CFE - Centre for Functional Ecology, Department of Life
Sciences University of Coimbra; J. Niemeyer, UFSC / Programa de Pos
Graduagdo em Ecossistemas Agricolas e Naturais; J. Sousa, University of
Coimbra / CFE - Centre for Functional Ecology, Department of Life Sciences
Tank mixtures (TMs) are defined as two or more pesticides mixed in the tank of
the sprayer equipment prior to application. Despite being considered as way to
reduce costs, this practice brings uncertainties on how pesticides interact and what
is the effect resulting from these interactions. Whereas pesticides applied alone
usually have an ECso higher than the recommended dose, toxicity of TMs have
several products acting simultaneously resulting in potentiated or mitigated
effects, giving strenght to the need of considering the toxicity of TMs as a whole
in risk assessment of PPPs. The joint toxicity of mixtures is usually estimated by
the concentration addition (CA) model that assumes a similar mode of action and
an addictive effect of the different components. Therefore, relevant TMs should be
tested in laboratory ecotoxicological tests to understand at which point the
interaction between products may interfere in the prediction of effects to non-
target organisms through the CA model. With this purpose, reproduction tests
with different TMs (adopted in soybean crops) were performed using soil
invertebrate standard species as test organisms. Reproduction tests with the
collembolan Folsomia candida and the predatory mite Hypoaspis aculeifer were
carried out with a natural soil collected in an agricultural field. Ranges of
increasing concentrations of relevant TMs were used in ecotoxicological tests
based on toxic units estimated with effect data of F. candida obtained from the
literature. The CA model was used to evaluate the effects of each TM. Toxicity of
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TMs depended on the test organism, being F. candida generally the most sensitive
organism except in TMs having acaricides in their composition. Effect data were
highly dependent on the mixture components. There were TMs that indicated
sinergistic interactions between products and others that revealed additive to
antagonistic interactions. The intensity of the toxic effects in relation to the
recommended doses was also highly dependent on the components of the mixture.
While in some TMs the significant effects were found only above the
recommended dose of the individual products, other TMs showed significant
effects below the recommended dose. The use of CA model to estimate toxic
effects of TMs can underestimate their risk to non-target organisms, reinforcing
that risk assessment of mixtures of PPPs should take into account effect data of
the mixture as a whole to protect non-target organisms.

4.13.3

FORESEE - Results of a three-day workshop on TKTD earthworm modeling
in the context of environmental risk assessment

V. Roeben, Research Institute gaiac / gaiac- Research Institute for Ecosystem
Analysis und Assessment; R. Ashauer, Syngenta Crop Protection AG /
Environment; G. Ernst, Bayer Ag / Ecotoxicology; V. Forbes, University of
Minnesota / Ecology, Evolution & Behavior; M. Meli, ADAMA Agricultural
Solutions; R.B. Schifer, University of Koblenz and Landau / Institute for
Environmental Sciences; P. Thorbek, BASF SE / Agricultural Solutions; A.
Gergs, Bayer Ag / Research & Development, Crop Science Effect Modelling
Earthworms are important ecosystem engineers, and the assessment of the risk of
plant protection products (PPPs) towards them is part of the European
environmental risk assessment (RA). In the current RA scheme, exposure and
effects are represented in a simplistic way and are not well integrated, resulting in
uncertainty when applying the results to ecosystems. Here, modeling offers a
powerful tool to potentially integrate the effects observed in lower tier laboratory
studies together with the environmental conditions at which exposure is expected
in the field. The presentation will be based on the results of the FORESEE
Workshop ((In)Field Organism Risk modEling by coupling Soil Exposure and
Effect) held January 28-30, 2020 in Diisseldorf, Germany. The FORESEE
Workshop was focussed on TKTD (toxicokinetic-toxicodynamic) modeling
combined with population modeling in the context of environmental risk
assessment. The goal was to join scientists from different stakeholder groups
(academia, regulatory authorities, industry, and contract research organizations
(CROs)) to discuss the current state of soil invertebrate modeling, explore how
earthworm modeling could be applied to risk assessments, and in particular how
the different model outputs can be used in the tiered RA approach. In support of
these goals, the workshop aimed at developing a common modeling framework
for earthworms and addressing the requirements and concerns of the before-
mentioned stakeholder groups in an early development phase. The workshop was
based on the proposal of a modular modeling approach with four submodules to
cover the most relevant processes for earthworm modeling: Environment,
Behaviour (Feeding, Movement), TKTD (GUTS and DEB), and Population.
Before the models are linked, each module should be tested and validated
independently to ensure that the full model produces reliable results. Within the
workshop, four workgroups examined different parts of the modules and focussed
on various topics relevant to earthworm TKTD modeling: 1 Risk Assessment, 2
Earthworm Ecology, 3 Uptake Routes, and 4 Extrapolation and Validation. Here,
we present the perspectives of each workgroup and highlight how the
collaborative effort across all involved participants from multidisciplinary
backgrounds helped to establish common ground. Further, we will give
suggestions for how earthworm TKTD modeling might address some of the
uncertainties in current risk assessments for plant protection products.

4.13.4

Developing a monitoring-concept to assess the ecological impact of pesticide
use in German agriculture

A. Toschki, gaiac Research Institute; B. Daniels, RWTH Aachen University /
Institute for Environmental Research; T. Frische, German Federal Environment
Agency (UBA) / Section Plant Protection Products; J. Oellers, Q. Rumohr, gaiac
Research Institute; A. Schaeffer, RWTH Aachen University / Institute for
Environmental Research (Biology V); A. Sybertz, RWTH Aachen University /
Institute for Environmental Research; C. Wengerodt, German Federal
Environment Agency (UBA)g; M. RoB3-Nickoll, RWTH Aachen University /
Institute for Environmental Research

The alarming decline in biodiversity, particularly in the agricultural landscape,
raises doubts if the current prospective risk assessment and registration practice of
pesticides applied for plant protection purposes (i.e. plant protection products,
PPPs) ensures the legally intended protection of biodiversity. The main reason
cited for this is the overall intensification of agriculture, which consists of a
complex of various influencing factors (e.g. use of fertiliser, monocultures).
Amongst these, one important factor is the current use PPPs, which have a proven
negative impact on biocoenoses in agricultural regions. The impact of PPPs on
biodiversity is both direct and indirect. In addition to direct toxic effects on so-
called non-target organisms, indirect effects arise e.g. by the change of the
competitive balance between grasses and flowering plants in vegetation caused by
herbicides. Consequently, the effects of chemical plant protection can only be
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proven in their entirety by retrospective ecosystem observations, i.e. monitoring
approaches. As communities in the field are facing a complex of different
stressors besides PPP as mentioned before, these stressors need to be also
considered in a new retrospective approach. Here, we present the concept of a
new, integrated monitoring scheme to assess the ecological effects of the
application of PPPs in the agricultural landscape of Germany. Therefore, we
propose using synergies with an established nationwide ecological area sampling
site network with several, already ongoing monitoring activities (e.g. bird
monitoring and high nature value farmland). The modular structure of including
biodiversity and analytic endpoints, as well as a planned step-by-step
implementation will be shown.

Soils as Sinks for Plastics: Analysis, Transport and Effects of
Nano- and Microplastics in Terrestrial Environments

4.14.1

Solve it! Using 1,2,4-trichlorobenzene and p-xylene to make polyolefin plastic
debris amenable to pyrolysis-GC/MS quantification in soil

Z. Steinmetz, University Koblenz-Landau; A. Kintzi, University of Koblenz-
Landau / iES Landau, Institute for Environmental Sciences; K. Muifioz, University
of Koblenz-Landau / Interdisciplinary Research Group for Environmental Studies;
G.E. Schaumann, University Koblenz-Landau / iES Landau, Institute for
Environmental Sciences
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12pt; a:link color: rgb(0, 0, 255); text-decoration: underline; a:visited color:
rgb(128, 0, 0); text-decoration: underline; The majority of plastic is produced,
used and disposed of on land, where it probably disintegrates into debris smaller
than 5 mm, so-called microplastics. Until now, the lack of adequate analytical
methods for the quantification of plastic debris in soil has challenged a better
understanding of their occurrence and fate in the terrestrial environment. We
recently developed a simple and fast method for the quantification of polyethylene
(PE) and polypropylene (PP) in soil using pyrolysis-GC/MS. In order to facilitate
the preparation of calibration series and to better account for the heterogeneity of
soil matrix, polymers were dissolved in 1,2,4-trichlorobenzene at 120 °C.
However, it was not resolved if the method was applicable to all types of PE and
PP, for example with cross-linking or molar weights deviating from the initially
tested analytical standards. With this follow-up study, we aimed to optimize PE
and PP dissolution while further reducing matrix interferences from soil. To this
end, we tested a 1:1 mixture of 1,2,4-trichlorobenzene (TCB) and p-xylene at 150
°C for its efficiency to dissolve a variety of different PE and PP samples.
Calibration series (5-200 pg g™') were prepared in the same solvent mixture. In
addition, dispersive solid phase extraction (dSPE) was evaluated for its potential
to reduce interfering matrix components from reference soils. Unlike TCB at 120
°C, the TCB/p-xylene mixture dissolved all tested plastic samples and solutions
remained stable at room temperature. Calibration series in TCB/p-xylene
responded linearly (adj. R* > 0.995) with LODs of 5.7 and 3.3 png mL™" for PE and
PP, respectively. Whereas matrix-induced background levels were close to the
LOD of PP, reference soils without any plastic addition produced a PE equivalent
of 57-145 pg g™'. The dSPE cleanup reduced matrix interferences by 23-45 %.
Further method development is crucial to optimize dSPE for subsequent recovery
and spiking experiments. Once ready, this approach may have the potential for
routine analyses and screening studies of agricultural systems.

4.14.2

Fate of microplastics in agricultural soils amended with sewage sludge

A. Rico, IMDEA Water Institute; T.C. Schell, IMDEA Water Institute /
Ecotoxicology; R. Hurley, Nowegian Institute for water research; L. Nizzetto,
Norwegian Institute for Water Research NIVA; M. Vighi, IMDEA Water Institute
/ Earth and Environmental Sciences

In Europe, it is estimated that half of the generated sewage sludge is applied as
fertiliser on agricultural fields, and therefore this practice has been considered as
one of the main entry routes for microplastics (MPs) into the environment. The
aim of this study was to assess the fate of MPs in agricultural soils amended with
sewage sludge. This was done by investigating their transport to deeper soil
horizons and their capacity to leave agricultural soils by water runoff by using
experimental plots with the following conditions: (1) agricultural soil with no
amendments (control), (2) agricultural soil amended with 5 kg/m? of sludge 4
years before the start of the experiment, (3) agricultural soil amended with the
same amount of sludge at the beginning of the experiment. In the experimental
plots, barley was planted and soil and water runoff samples were collected for one
year. The results of this study show that the application of sludge and the time of
application had a significant influence on the concentration of MPs in runoff
water, being the highest (3 MPs/L) in the treatment amended with sludge at the
start of the experiment. Based on the sludge analysis performed in this study and
the amount of sewage sludge used in agriculture in Europe, it can be estimated
that about 5.7 billion MPs are disposed annually to soil, and 1.750 million MPs
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could be transported to surface waters via runoft annually. This study
demonstrates that a small fraction of MPs leaves the agricultural soils with surface
water runoff (about 0.3%), and that the application of sewage sludge to soils may
contribute to long term exposure for terrestrial organisms. Therefore management
options to reduce the accumulation of MPs in sewage sludge and its spread into
terrestrial ecosystems are needed.

4.14.3

Quantification and modelling of nanoplastic transport in soils by advection
and bioturbation

W. Heinze, Swedish University of Agricultural Science / Department of Soil and
Environment; E. Lahive, Centre for Ecology and Hydrology; D.M. Mitrano,
Eawag - Swiss federal Institute of Aquatic Science and Technology / Process
Engineering; M. Baccaro, UFZ Helmholtz Centre for Environmental Research /
Bioanalytical Ecotoxicology; G. Cornelis, Swedish University of Agricultural
Sciences / Soil and environment

According to first material flow estimates, plastic emissions to soils are
substantially exceeding emissions to the marine environment. Nevertheless, the
fate and behaviour of micro- and nanoplastics in terrestrial ecosystems is to-date
poorly investigated. In order to reliably assess potential risks, processes that may
modify particle concentrations in soils need to be characterized. In this study,
major transport mechanisms of particulate pollutants in soils were investigated for
nanoplastics, in particular advective and biologically mediated transport. For this
purpose, synthesized palladium-doped polystyrene nanoplastics (256 nm
diameter) were used in column leaching tests and microcosm bioturbation studies
with anecic earthworms, i.e. Lumbricus terrestris. Plastic concentrations could be
quantified indirectly by detection of palladium using ICP-MS. In column leaching
tests, nanoplastic retention in disturbed saturated soil columns was relatively low
compared to other transport studies on nanoparticles (mass recoveries > 66 % in
leachate). Using breakthrough curves for inverse modelling in HYDRUS-1D,
material-specific kinetic transport parameters were obtained. The derived average
attachment efficiency was relatively low (o = 6.25 x 10”-4). Under unsaturated
soil conditions as found in the bioturbation control plots, transport of plastics with
percolating water could not be confirmed after four weeks of repeated water
application. However, the burrowing activity of earthworms caused a significant
displacement of nanoplastics into deeper soil layers, steadily increasing with
exposure time. Detected spatial and temporal changes were used to determine
bioturbation rates for predicting nanoplastic transport in a bioturbation model. As
the model based on layer-to-layer mixing systematically underestimated
concentrations in the lower layers, further differentiation of the transport modes
by soil biota may be necessary. Considering that unsaturated soil conditions are
more representative of prevailing field conditions, the results support that the
contribution of percolating water to nanoplastic transport in soils is limited despite
low observed attachment efficiencies. Consequently, bioturbation may be the
dominant transport mechanism of nanoplastics under field conditions. For
extrapolating the findings of this study, a wider range of types and sizes of plastics
need to be included.

4.14.4

Microplastics as possible modifiers of pesticide effects in soil - The effects of
polyester fibers and tire wear particles on the toxicity of chlorpyrifos

S.K. Selonen, Suomen ympdristokeskus / Department of Ecological Science; S.S.
Alavian Petroody, Shahid Beheshti University / Environmental Sciences Research
Institute; H. Benguedouar, Vrije Universiteit Amsterdam / Department of
Ecological Science; A. Dolar, Biotechnical faculty / Biology; A. Jemec,
University of Ljubljana, Biotechnical Fac. / Biology; C. van Gestel, Vrije
Universiteit Amsterdam / Ecological Science

Microplastics are found to be common not only in aquatic environments, but also
in soils, which has raised concerns on the possible effects of plastic particles on
soil biota and the ecosystem services they provide. Besides direct harmful effects,
plastic particles can potentially have indirect effects on soil biota and functions
due to microplastic-derived changes in the surrounding environment e.g. due to
the release of chemical additives from the plastics or by altering the bioavailability
and toxicity of chemicals present in the environment. For example bioavailability
of various plant protection products used in agriculture may be changed due to
their sorption to microplastics. As polyester fibers and tire wear particles are
common types of microplastics in soil, knowledge on their direct and indirect
effects on soil biota are urgently needed. This study investigated the effects of
polyester fibers (12-2 900 pm) and tire wear particles (TWP; 0-180 um) on the
toxicity of pesticide chlorpyrifos (CPF) in soil. Springtails (Folsomia candida)
were exposed to five concentrations of CPF (0.01-0.1 mg kg™') in Lufa2.2 soil
without microplastics (“No”) or spiked with fibers or TWPs in a low (0.05 %;
“Low”) or high concentration (0.5 %; “High”) in five replicates. The microplastics
were mixed in with the soil after spiking the soils with CPF and the evaporation of
acetone that was used to dissolve CPF. In all microplastic treatments (“No”,
“Low” and “High”), also control and acetone control treatments without CPF were
included. Polyester fibers did not affect the CPF toxicity to the survival (LC50) or
the reproduction (EC50) of F. candida. Tire wear particles, in turn, affected CPF
toxicity, but the effects on the survival and reproduction were divergent. Median
lethal concentration (LC50) of chlorpyrifos was higher in the high-TWP
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treatment, indicating lowered toxicity of CPF to survival. In contrast, TWPs
decreased the median effect concentration (EC50) of CPF especially in low-TWP
treatment, suggesting an increased toxicity of CPF to the reproduction of F.
candida. However, since the high concentration of TWPs overall increased the
total number of juveniles, reproduction was almost constantly higher in high-TWP
soils than in soils with no TWPs. Our findings indicate that the effects of
microplastics on the toxicity of pesticide chlorpyrifos depend on the type and
concentration of microplastics. This study is part of the project IMPASSE
(WaterWorks2015, Water JPI).

Wastewater and Sludge Reuse in a Circular Economy:
Benefits and Risks

4.15.1

Water reuse: the risks of Contaminants of Emerging Concern (CECs)
transfer from reclaimed wastewater to agricultural products.

A. Sunyer Caldt, IDAEA, CID-CSIC / Environmental Chemistry; S. Diaz-Cruz,
IDAEA-CSIC / Environmental Chemistry

Pharmaceuticals and personal care products (PPCPs) encompass a hetergoeneous
group of chemicals that includes ultraviolet filters (UV filters), parabens,
antibiotics, analgesics, stimulants, among others, most of which are considered
compounds of emerging concern (CECs). Over the last 15 years, PPCPs
consumption has notoriously increased in the European Union (EU), with its
consequent greater spill in the aquatic environment. The pseudopersistence,
accumulation in sediments and bioaccumulation in living organisms of PPCPs,
combined with its generally poor removal in wastewater treatment plants
(WWTPs), make them ubiquitous in the environment. The global good quality
water scarcity, that is only expected to increase, and the growing need of feed for
a growing world population make the reuse of water in agriculture a suitable
strategy to face the lack of fresh water. As agriculture is one of the main sources
of food for humans, this constitutes a direct entry pathway of PPCPs in our
organisms, putting human’s health at risk. Many studies have been focused on
environmental monitoring of PPCPs, mostly in waters. However, only limited
information is available on their transfer from the environment (the transference
vector being the water for irrigation) to crops. This could be due, in part, to the
lack of simple, sensitive and roubust methods for the determination of PPCPs in
these complex matrices. The extraction method known as QUEChERS (Quick,
Easy, Cheap, Effective, Rugged and Safe) developed to extract pesticides from
vegetables [2, 3] has been optimized in the present work to extract PPCPs from
different crops (lettuces, carrots and tomatoes) and its corresponding soils. All
were cultivated in real conditions in gardens authorized in the area of the WWTP
from where the irrigation waters obtained. The irrigation waters (reclaimed
wastewater) were also analyzed following an online methodology that can be
found elsewhere [4]. Analysed samples comprised two different soils (clayly and
sandy), two irrigation systems (drip and sprinkler) and two irrigation waters i.e
(WWTP secondary treatment effluent and renaturalized water with a tertiary
treatment consisting on infiltration through reactive barriers). A total of 55 PPCPs
were analyzed by HPLC-ESI(QqLIT)-MS/MS.The validation and optimization of
the method and the evolution and occurrence of the selected PPCPs in agricultural
products, soils and irrigation water will be presented and discussed.

4.15.2

The effect of biomass addition to sewage sludge prior to pyrolysis on the
polycyclic aromatic hydrocarbons persistence and bioavailability in biochar-
amended soil

P. Godlewska, Maria Curie-Sklodowska University / Department of
Radiochemistry and Environmental Chemistry; P. Oleszczuk, Maria Curie
Sktodowska University / Department of Radiochemistry and Environmental
Chemistry

Sewage sludge (SSL), as a by-product of wastewater treatment, can contain
certain amounts of contaminants such as heavy metals (HMs) and polycyclic
aromatic hydrocarbons (PAHs) but also valuable nutrients. Very often SSL is used
in agriculture as a fertilizer. However, due to toxic substances (e.g. PAHs), SSL
may generate a threat when mixed with soil. One of the ways of SSL utilization
can be to convert it to biochar during pyrolysis and then use it in agriculture as a
soil additive. Pyrolysis is a process using high temperature (up to 900°C) with
little oxygen in the furnace. During the process undesirable components of SSL
i.e. inorganic and organic contaminants as well as pathogenic elements can be
transformed into less mobile forms or eliminated from the material. Unfortunately,
biochar produced from SSL may still contain HMs (even concentrated compared
to raw SSL) and PAHs (that can be formed during pyrolysis). For decrease of the
amount of toxic substances occurring in SSL-derived biochar, it was proposed to
co-pyrolyse plant biomass with SSL. This solution beside of contaminants
decrease, may also improve other biochar properties i.e. increase carbon content
and specific surface area and lower ash content compared to biochar produced
from SSL only. Because of the biochar is planned to be applied to the soil system
the research should focus on the contaminants content in biochar-amended soil.
The total content of PAHs in biochar- amended soil is expected to be higher than
in the clean soil and similar to SSL-amended soil. However, the content of these
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pollutants in bioavailable and mobile fraction is expected to be similar to clean
soil and lower than in SSL- amended soil. Since the bioavailable fraction of
contaminants is the one which may pose a threat to the environment, it is expected
that biochar-amended soil will be not toxic or less toxic at least than SSL-
amended soil. The aim of the study was to determine the persistence of the total
(Ciot) and bioavailable (Cgec) PAHs in SSL-derived biochar-amended soil and in
SSL/biomass-derived biochar-amended soil. The project was funded by the
National Science Centre granted on the basis of the decision number DEC-
2018/31/N/ST10/01588.

4.15.3

Organic pollutants as quality indicators in agricultural application of biogas
digestates

1. Havranek, Norwegian University of Life Sciences (NMBU) / Chemistry,
biotechnology and food science; A. Ali, Norwegian University of Life Sciences
(NMBU) / Faculty of Chemistry, Biology and Food Science; S. Eich-Greatorex,
T. Aulstad Sogn, Norwegian University of Life Sciences (NMBU) / Faculty of
Environmental Sciences; R. Kallenborn, Norwegian University of Life Sciences /
Chemistry, Biotechnology and Food Sciences

As an important prerequisite of sustainable future circular bioeconomy strategies,
recycling of both non-renewable and renewable nutrients from organic residues
will be important. In this context biogas production plays an ever-increasing role
in providing sufficient energy for electricity, heating and transportation. Biogas
production is based on carbon-rich substrate originating from sewage treatment,
agricultural - household- and aquaculture wastes. As part of the propagated
circular bioeconomy strategies, the application of remaining organic residues as
soil amendment and fertilizer are expected to recycle the nutrients contained in the
residues but may also imply a dispersal and accumulation of contaminants on
agricultural soils. From soil, contaminants may be transferred into plants,
ultimately resulting in animal and human exposure. The development of suitable
production pathways for renewable energy production in recent years still do not
take potential associated pollutant transfer sufficiently into account. Various
technologies have been promoted and applied with the potential of uncontrolled
emission of anthropogenic pollution. For instance, the use of biological (waste)
material in anaerobic digestion, both as decentralized farm biogas plants as well as
municipal plants for handling of, among others, organic household waste, has
increased significantly in Europe and the North Americas. This development leads
not only to an increasing amount of bioenergy produced, but also to a considerable
amount of production waste to be handled properly (i.e., biogas digestate). The
most attractive option to manage these digestates is to apply them as organic
fertilizer to agricultural land allowing to recover nutrients, primarily nitrogen and
phosphorus, and, in addition, potentially improving soil quality by adding organic
matter. Unfortunately, such residues may also contain complex organic compound
mixtures, salts, anthropogenic pollutants and/or pathogenic bacteria that can
adversely affect terrestrial organisms and may accumulate in plants. Thus, the
identification of potential pollutant sources and the development of suitable
mitigation strategies are a prerequisite for the success of the currently propagated
circular bioeconomy. In our project, we aim to understand the risk these biogas
digestates may pose to the soil ecosystem, when used in agriculture as an organic
fertilizer, by analyzing both the soil, plants and 2 various digestates in a 3-year
field experiment as well as in associated experiments with composting and a
degradation study in a small-scale anaerobic digestion experiment.

4.15.4

Recommendations to derive quality standards for chemical pollutants in
reclaimed water intended for reuse in agricultural irrigation

G. Deviller, DERAC / Environmental Risk Assessment of Chemicals; L. Lundy,
Lulea Technical University; D. Fatta-Kassinos, University of Cyprus / Nireas
International Water Research Center

The reuse of treated municipal wastewater (herein referred to as reclaimed water)
in agricultural irrigation (RWAI) as a means to alleviate water scarcity is gaining
increasing policy attention, particularly in areas where water demand mitigation
measures have proved insufficient. However, the use of reclaimed water in
practice is lagging behind policy ambition, with on average < 2.5% of it reused in
a European context. A key barrier identified as limiting its full valorisation is
concern over its potential impact on human and environmental health. To address
this concern, and to meet further objectives including achieving parity between
current reclaimed water reuse guidelines operational in various Member States,
the European Commission has proposed a regulation which identifies minimum
quality requirements (MQR) for a range of microbiological and physico-chemical
parameters but the inclusion of compounds of emerging concern (CECs) in terms
of the determination of quality standards (QS) is missing. This work reviews the
existing pertinent EU legislation in terms of identifying the need for CEC QS for
RWAL, considering the scope and remit of on-going pan-European chemicals
prioritisation schemes. It also evaluates opportunities to link in with the existing
EQS derivation methodology under the EU WFD to address all protection targets
in the environmental compartments exposed via potential pathways of RWAIL
Finally, it identifies the main data gaps and research needs for terrestrial
ecosystems, the removal efficiency of CECs by WWTPs and transformation
products generated during the wastewater reuse cycle.
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Challenges, New Approaches in Life Cycle Inventory Data
Collection and Modelling

5.01.1

geoFootprint: the interactive web-application for modelling spatially explicit
agricultural inventory in LCA

A. Liernur, J. Reinhard, X. Bengoa, A. Widok, M. Jeanne-Belot, Quantis; A.
Kounina, Quantis / EPFL; T. Levova, G. Talandier, Quantis; A. Ernstoff, Quantis
/ Environmental Health Science

Agriculture is a major contributor to GHG emissions and impacts on ecosystems.
In an effort to align with sustainability goals, many companies have committed to
reduce their footprint through their agricultural practices. To track progress, LCA
is used as a reliable and comprehensive tool.Today, however, life cycle inventory
data for agricultural production systems remain generic and incomplete. Datasets
are typically defined at country level and limited to a few countries per crop. This
is a significant limitation considering the spatial variability inherent to agricultural
inventory flows. The geoFootprint tool presented in this work represents a new
frontier in LCI data modelling. Deployed around a regionalization engine and a
web-based platform, geoFootprint combines publicly available GIS geospatial
data with LCI datasets provided by the World Food LCA Database (WFLDB), as
well as the needed agricultural emission models and thereafter characterisation
factors to compute and display regionalized footprints of crops (e.g. barley) and
co-products (e.g. barley straw) for any location in the world, and across various
geographical scales (10x10 km grid cells to country level). First results,
demonstrate the potential of the tool to provide spatially explicit inventory, with
crop-specific management practices and contextual information at the grid cell
level - which is especially important for land use change (LUC) inventory
modelling. Soon available as an open-access (read-only) and as a licensed version
(enabling custom simulations), geoFootprint will support a variety of different
actors: private companies, (non-)governmental organisations, and the research
community.A major challenge to pursue in future work is to address combining
regionalised inventory data with regionalised impact assessment. The
geoFootprint tool is made possible through partnering with arxiT and the Cool
Farm Alliance and supported by a network of organisations. Quantis is leading the
geoFootprint project, sponsored through EIT Climate-KIC funding.

5.01.2

The Challenge of Temporal Resolution in Dynamic LCA

D. Beloin-Saint-Pierre, EMPA / Technology and Society Lab; P. Padey, K.
Goulouti, HEIG-VD; P. Collet, IFP Energies nouvelles / Economics &
Technology Intelligence; A. Hélias, Irstea / ITAP ELSA-PACT; R. Hischier,
EMPA / Technology and Society Lab

The last 10 years of research in the field of life cycle assessment (LCA) have
unveiled many possible pathways to consider the effects of temporal variations
from supply chains on the assessment of potential environmental impacts for
products, services and markets with dynamic LCA (i.e. DLCA) frameworks. In
this context, defining “useful” levels of temporal resolution for the description of
flows in LCA databases will require the combined expertise of system modelers
and creators of impact assessment methods. We thus propose a discussion on key
considerations of temporal resolution, which could bring common basic structures
in DLCA. From the perspectives of system modeling and life cycle inventory
(LCI) calculations, recent propositions for DLCA frameworks bring many
promises. Novel approaches and tools are showing similar ideas for the
computational structure. Some level of agreement is also emerging on the use of
process-relative temporal distributions to calculate temporally differentiated LCI.
Life cycle impact assessment (LCIA) methods for categories like climate change,
photo-chemical oxidant formation, freshwater ecotoxicity and toxicity have also
provided time-dependent characterization factors (CFs). Most investigations have
tackled these aspects separately, which raises concerns since requirements to
create links between LCI and LCIA methods can drive the data gathering efforts
to provide useful temporal descriptions for different flows in LCA databases.
Three observations on temporal resolution justify these concerns: 1) The use of
calendar-based information to define when elementary flows are occurring during
the life cycle of a system. Indeed, DLCA computation tools can now consider this
data, but the relevance and necessary precision for different impact categories has
not been explored. 2) The propagation of temporal resolution in LCI calculations
for each path of a system brings many limitations when these resolutions vary.
Evaluating the impacts of such flows will require CFs with various levels of
temporal resolution bringing diverse levels of uncertainty. 3) The assessment of
temporal uncertainty for CFs, which is sourced in the different levels of precision
to describe the period of emissions. An assessment of potential variability of CFs
over specific periods thus seems like a relevant way to evaluate the uncertainty
that comes with lower temporal resolution. Nevertheless, novel development
pathways can tackle these issues.

5.01.3
Predicting emission releases from mine tailings: spatially and temporally
resolved life cycle assessment modelling
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L. Adrianto, ETH Zurich / Civil and Environmental Engineering; S. Pfister, S.
Hellweg, ETH Zurich / Institute of Environmental Engineering

Mining operations around the world have been producing tailings as wastes at
huge scale. These residues, when poorly managed, would become a detrimental
environmental hazard in addition to its acid mine drainage effects. Nevertheless,
these tailings also contain traces of valuable metals and minerals that can be
further reprocessed through sustainable metallurgical processes in the future.
Directly utilizing these tailings as raw materials to produce different products,
however, is not enough to justify that a process is environmentally friendly; the
processes developed must be evidently better from a life cycle perspective than
business as usual. It is then important to properly characterize the environmental
impacts associated with tailings in life cycle assessments (LCA) using the best
available data and approach.State-of-the-art mine tailings emission releases
mainly involve empirical and simplified mechanisms, which are derived from
landfill leachate models. The current models have some limitations, such as
neglecting tailings’ geo-chemical factors as well as several important site-
specificity parameters such as local hydrology. For instance, some toxic species
will remain in the system only after certain minerals are leached due to changes in
pH value. In this work, these issues are resolved by considering tailings chemistry
dynamics through geochemical simulation and by coupling this model with
infiltration data at mine-site level. This framework will enable a time-dependent
LCA modelling of tailings impoundments’ emission releases at higher resolution
on a systematic procedure. Case studies that represent tailings impoundments in
different locations will be used as the basis for testing the framework.

5.01.4
Key parameters for predicting the environmental impacts of conventional
geothermal technologies

A. Paulillo, University College London / Department of Chemical Engineering; A.

Kim, Paul Scherrer Institute / Energy system analysis; C. Mutel, Paul Scherrer
Institute / Laboratory for Energy Systems Analysis; A. Striolo, University College
London / Department of Chemical Engineering; C. Bauer, Paul Scherrer Institute /
Laboratory for Energy Systems Analysis; P. Lettieri, University College London /
Department of Chemical Engineering

Life Cycle Assessment studies on geothermal energy are generally not abundant,
and usually exhibit a large variability in the environmental impacts. In this work
we deploy Global Sensitivity Analysis (GSA) to identify parameters that have
little or negligible influence over the variability of the impact scores; the objective
is to lay the foundations for the development of a simplified model. Here we focus
on conventional geothermal technologies - although the same analysis was also
carried out for enhanced geothermal plants. From a thorough literature review, we
identified 16 parameters that are able to comprehensively quantify the
environmental performance of electricity production from conventional
geothermal technologies. We assessed the influence of these parameters on the
overall variability of the impact scores by means of Sobol’ total order indices. The
analysis covers the latest impact categories recommended by the Joint Research
Center of the European Commission. Life Cycle Assessment and uncertainty
propagation analysis were carried out with the Python package Brightway2, whilst
an ad-hoc Python package was developed for GSA computations. The results of
the analysis show that operational atmospheric discharges of CO: explain nearly
100% of the variabiity in the climate change category, whilst the average gross
power of the wells and their average depth account for ~80% of the variability in
the remaining impact categories. The results for enhanced geothermal
technologies are similar: three parameters amongst the 15 investigated explain
over 80% of the variability of the results. The results of this work imply that a
simplified model would need to incorporate only these three parameters - with the
others being set anywhere in their range of variability - for estimating the
environmental impacts of conventional geothermal technologies without
significant losses in accuracy.

5.01.5

Canada's Low-Carbon Assets through Life Cycle Assessment (LCA”2)
Initiative: LCI dataset development strategy

G. Guest, National Research Council of Canada / Construction Research Center;
R. Cooney, National Research Council Canada / Construction Research Centre
The National Research Council of Canada (NRC)’s Low-Carbon Assets through
Life Cycle Assessment (LCA?) Initiative is a $6M four year project that will
develop guidelines and benchmarks that leverage a Canadian specific life cycle
inventory (LCI) database to empower Canadians to incorporate the quantification
of life cycle impacts and total cost of ownership of built assets (real property,
public infrastructure) into their procurement processes. To develop a pan-
Canadian LCI database we have focused our scope on key requirements for
buildings. Through the LCA? Initiative, a governance structure has been formed to
ensure the Initiative will have balanced representation from public and private
sector leaders. By having major material associations as key partners in LCA? we
have found industry very willing to share industry survey data and to allow us to
develop gate-to-gate industry/regional average datasets. We developed extensive
lists of sector-specific products/activities that we are aiming to develop over the
next four years, where we first put focus on existing datasets that have yet to be
integrated with our background database of choice (ecoinvent). Non-existent LCI
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datasets for key products/activities are then prioritized, and data survey templates
are developed where we then campaign for industry data from our broad and
growing network of industry partners. One important vehicle of environmental
impact information are environmental product declarations (EPDs) and we
recognize EPDs as not only a valuable source of LCI data but also as an
opportunity for suppliers to report their specific product’s environmental profile.
The ultimate goal of the LCA? Initiative is to incorporate LCA in the decision-
making process in government procurement, and we are currently developing
these specifications. By being fully transparent and open about this goal with our
multi-stakeholder consortium, we have found that it spurs industry participation in
sharing industry data surveys with us. Since the LCA? Initiative is still young (just
over a year old), we have yet to implement our entire strategy. However, to date,
we have already received access to industry survey data from most of the major
materials associations (e.g. wood/aluminium/concrete), and we are currently
underway with the development of several hundred corresponding LCI datasets
based on existing industry survey data.

5.01.6

Enlarging the scope of conventional life-cycle inventories using supply chain
management for Social Life Cycle Assessment

M.M. Martin-Gamboa, CESAM & University of Aveiro / Department of
Environment and Planning; D. Iribarren, Instituto IMDEA Energia / Systems
Analysis Unit; L. Arroja, A. Dias, University of Aveiro / Centre for
Environmental and Marine Studies (CESAM) - Department of Environment and
Planning

Sustainable Development Goals encourage decision-makers to take responsible
choices across the entire product system. This type of perspective is usually
assumed for economic and environmental analyses, but it is not often considered
when social evaluations are conducted. Social Life Cycle Assessment (SLCA) is a
comprehensive methodology for the thorough evaluation and interpretation of
social aspects. This methodology has usually been based on input-output (10)
analysis for the evaluation of a certain sector. However, the application of SLCA
to products has additional challenges such as the need for the identification of the
countries involved in the supply chain. This study presents a novel approach that
enlarges the scope of conventional life cycle inventories (LCIs) in order to
identify supply-chain paths within the boundaries of a product system. In
particular, the proposed approach was tested for the SLCA of a bioelectricity plant
in Portugal. Within this novel approach, the conventional LCI allows defining the
main flows of components, materials and/or energy throughout the supply chain of
a product, while the additional use of trade databases helps identify the country of
origin of these flows. In this study, the databases UN COMTRADE and ecoinvent
were used as sources of trade and background data. After the identification of the
product’s supply-chain paths, the social LCI of the product system is further
ellaborated with economic and social data. In this work, the SLCI of a Portuguese
bioelectricity plant was implented in OpenLCA and the corresponding social
characterisation was carried out using the PSILCA database and method. The
bioelectricity plant system obtained using the proposed approach encompasses
more than 400 processes within seven tiers of the supply chain for SLCA. Social
life cycle impact assessment results were obtained in terms of total child labour
and health expenditure. More than 50% of the impacts in both indicators were
found to be concentrated into four processes: ammonia production in Algeria, and
petroleum extraction in Russia, Kazakhstan and Azerbaijan. Interestingly, the last
three processes mean 10% of the processes included in the product’s supply chain.
The novel approach developed in this study proved to be feasible for the definition
of the supply-chain paths and SLCI of product systems. The resultant LCIs allow
analysts to conduct thorough SLCA studies, contributing to the state-of-the-art in
this methodology.
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The built environment is responsible for a significant share of greenhouse gas
(GHG) emissions, for both the production and operation of buildings. Diverse
initiatives are being developed and implemented to limit the release of GHGs into
the atmosphere relying on the assessment, monitoring, reporting and verification
of GHG emissions and removals. To ensure