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About SETAC

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, aca-
demia 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 composi-
tion 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®, timely and effective communication of research, and inter-
actions 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). ET&C is dedicated to furthering scientific knowl-
edge 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 prob-
lem 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.

www.setac.org
Environmental Quality Through Science®






Track 1. Environmental and Human Toxicology: From Molecules to Organisms, from Omics to in Vivo
1.01 Advancing the Use of Effect-Based Approaches for Water Quality Assessment

1.01.T-01 Use of estrogen receptor cell bioassays to evaluate dietary and aqueous exposure routes to determine the
cause of widespread intersex in Largemouth Bass in a waste-water dominated stream.

Victoria McGruer?, William Ota?, Alvine C Mehinto®, Charles S. Wong?®, Wayne Lao®, Kali Krishnan®, Brian Yacoub?, Kurt E
Anderson? and Daniel Schlenk?, (1)Environmental Sciences, University of California Riverside (UC Riverside), (2)Evolution,
Ecology, and Organismal Biology, University of California Riverside (UC Riverside), (3)Southern California Coastal Water
Research Project (SCCWRP)

The Santa Ana River flows within the largest river basin in southern California, home to over 5 million residents. Due to
upstream dams and dry climate, the surface flow is dominated by wastewater effluent most of the year, with more than 93
million gallons of effluent discharged into the river daily. The continuous input of treated effluent raises concern for protecting
native fish within the river, such as the federally threatened Santa Ana sucker (Catostomus santaanae). Previous work in the
Santa Ana River demonstrated that the estrogenic activity of water samples collected downstream of wastewater treatment
plants (WWTPs) did not significantly differ compared to other sampling sites along the river. However, a 2019 survey of
Largemouth bass (Micropterus salmoides) found that the percent of fish with the visible presence of both testes and ovaries
increased with proximity to a WWTP outflow (Adjusted R-squared: 0.854, p-value: 0.015). In order to determine the
contribution of dietary exposure to estrogenic substances, water, sediment, periphyton, and macroinvertebrates, were sampled
and chemical and Estrogen-Receptor Bioassays were conducted on extracts. Histological analysis of Male Largemouth bass
testes found that males at all sites displayed the presence of ova-testes ranging from 33-67% presence depending on the site.
However, Intersex prevalence was not statistically different between sites (Chi-square test, p = 0.7). Chemical analysis found
that the estrogens 17b-estradiol (E2) and estrone (E1) were detected at three and four of the six river sites, respectively.
Comparisons of analytical chemistry with ER-Bioassays indicated significant correlation with an r-value of 0.58 (p< 0.0015).
Evaluations of extracts of periphyton and macrofauna did not have detected estrogenic activity nor E1 or E2. These data
suggest dietary exposure may not be responsible for the widespread intersex observed in fish of the SAR.

1.01.T-02 Chemical mixtures : Additivity and beyond

David Spurgeon?, Stephen James Short?, Alex Robinson?, Claire Badder?, Sylvain Bart® and Peter Kille*, (1) UK Centre for
Ecology & Hydrology (UKCEH), United Kingdom, (2)Pollution, UK Centre for Ecology & Hydrology (UKCEH), United
Kingdom, (3)Ministere de I'Ecologie, du Développement durable, des Transports et du Logement, France, (4)Cardiff
University, United Kingdom

Semi-quantitative and untargeted screening methods mean it is now more tractable to detect and measure a wider range of
chemicals present in the environment. The Environment Agency use semi-quantitative GC-MS and LC-MS methods to
measure >1,000 chemicals in groundwater and surface water samples collected from across England and Wales. These
measurements indicate that in any given sample, up to 100 chemicals may be detected. The risks to aquatic ecosystems from
these mixtures can be assessed by comparing measured concentrations to hazard values derived from toxicity tests. Such
analyses indicate that, as expected, risk increases with the number of detectable compounds. However in the vast majority of
cases, much of the risk (>80%) is due to < 5 of the chemicals present. This analysis assumes, as a default, that the chemicals
work additively. What if this is not the case? Experimental studies have shown cases of both antagonism and synergism in the
joint toxicity of chemical pairs. A meta-analysis indicated that such non-additive cases represent about 20% of all mixture
studies. Interactions occur at even higher frequency between pesticides, with azole fungicides often one of the two chemicals
in these non-additive mixtures. The capacity of these fungicides to inhibit cytochrome P450 enzymes, likely contributes to
these cases of synergism, with species with a low CYP P450 diversity particularly affected by such interactions (i.e. such
species show more frequent and larger magnitude synergism when exposed to a chemical mixture that include an azole). If this
synergism potential is included in the risk assessment for surface water for chemical mixture effects, then the number of
locations at risk can be greatly increased.

1.01.T-03 Can we use a biosensor to detect water pollution in real-time? Results of a pilot study in the Venice lagoon
Roberta Carafal, Elisabetta Canuti?, Jordi Sierra%, Ana Garcia®, Sara Draganova?, Sebastiano Carrer®, Saurav Kumar®, Vikas
Kumar®, Austoni Martina’, Teresa Lettieri® and Montserrat Real?, (1)AECOM, Spain, (2)European Commission - Joint
Research Centre (JRC), Belgium, (3)Enginyeria Quimica, Universitat Rovira i Virgili, Spain, (4)Thetis, Italy, (5)Pere Virgili
Health Research Institute (IISPV), Spain, (6)Universitat Rovira i Virgili, Spain, (7)CNR-Water Research Institute IRSA, Italy,
(8)European Commission - Joint Research Centre (JRC), Italy

In 2021, 214 million tons of chemicals hazardous to health were produced (4% more than in 2020; 1% more than in 2019),
along with 85 million tons of chemicals hazardous to the environment (6% more compared with 2020; 2% more than in 2019)
(EUROSTAT). A fraction of these chemicals reaches surface, ground, and marine waters in complex mixtures through
different emission sources: industry, WWTPs, diffuse sources (leaching and runoff in agricultural fields, air deposition, etc.).
In this challenging context, the European Commission adopted a proposal to review and modify the Water Framework
Directive in 2022, in line with the objectives of the European Green Deal and the Zero Pollution Action Plan. To address these
new stringent water quality requirements, we have developed a new monitoring device, called WATERSCAN that
continuously tests water quality using a biosensor. WATERSCAN applies real-time PAM (Pulse Amplitude Modulated)
fluorometry to detect changes in functional indicators of microbial biofilms exposed to a constant water flow and includes a
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local clean reference. The device also included passive samplers POCIS (Polar Organic Chemical Integrative Samplers),
specific for polar organic compounds, Diffusive Gradient in Thin film (DGT), for trace metals and a novel passive sampler to
determine chemotaxonomical phytoplankton composition. The prototype, protected by a patent, has been tested in the field.
Here are the results of the pilot study conducted at the Arsenale of the Venice lagoon from 17/7/23 to 27/7/23. First results
indicate that the device can operate with minimal maintenance and provides highly sensitive results with a constant water flow
during several days. Significant differences were detected between monitoring and reference chambers indicating possible
water contamination events, in line with the results of passive sampling. A local reference was essential to discriminate
significant divergences in PAM signals, especially during and after a storm event. The analysis of chlorophyll-a content
indicates higher concentrations in the inflow compared to the outflow. This pattern is more pronounced during the afternoon,
aligning with the day/night cycle of phytoplankton. HPLC and microscopy analysis confirm that colonization of the biofilm by
external species is reduced to a minimal colonization by diatoms. Future developments will include the implementation of a
standard monospecific biofilm to reduce variability in results.

1.01.T-04 Increasing the Acceptance of Effect-Based Methods for Surface Water Quality Assessment — Results of an
Interdisciplinary Workshop

Rita Triebskorn!, Matthias Oetken?, Cornelia Kienle®, Andrea Sundermann?, Jochen Kuckelkorn® and Gerd Maack®,
(1)University of Tuebingen, Germany, (2)Aquatic Ecotoxicology, Goethe University Frankfurt, Germany, (3)Ecotox Centre,
Switzerland, (4)River Ecology and Conservation, Senckenberg Research Institute and Natural History Museum Frankfurt,
Germany, (5)Section Toxicology of Drinking Water and Swimming Pool Water, German Environment Agency (UBA),
Germany, (6)German Environment Agency (UBA), Germany

Several Effect-Based Methods (EBM) are currently available to characterise water pollution. However, they are only partially
represented in the relevant regulations for assessing water quality in Europe. In many of them, EBM are not accepted, often not
even mentioned. The main reason identified was the lack of regulatory acceptance. Chemical analysis is often seen as simpler,
more accurate and safer, and also as a competitor rather than an explanatory tool to explain the observed effects. Lack of
knowledge about EBM, including its advantages such as higher sensitivity or integration of mixture effects, is another potential
reason. Further reasons are doubts about the robustness of the data and their (ecological) relevance. Lack of standards for the
individual assays and of experience of the regulatory laboratories, are potential reasons for the missing acceptance and
establishment in water management practice or regulation. To overcome this problem the participants of a workshop, organised
by the Association of German Engineers (VDI) and the North Rhine-Westphalia Office of Nature, Environment and Consumer
Protection (LANUV) suggested several measures: (i) Intensive communication is needed not only between the scientific
community and the authorities involved, but also between the EU and the respective national administrations, (ii)
implementation of EBM in the respective guidance documents, (iii) the advantages, but also the differences, of EBM compared
to standard analytical methods should be better explained to government and policy makers. (iv) interlaboratory comparisons
are needed to standardise technical procedures such as sample preparation and extraction as well as EBM, (v) for the results of
EBM to be admissible in court, the derivation of toxicity thresholds/ effect-based trigger values must be scientifically robust
and accepted by regulatory authorities, (vi) the assays and the organisms used in these assays need to be available in sufficient
quantity and quality. In addition, (vii) EBM-related data should not only be published in peer-reviewed scientific journals, but
also in journals relevant to government, water management professionals and the private sector. Also (viii) competence centres
for co-ordinating existing initiatives should be stablished. As a first step towards an EU-wide application, the current proposal
to amend the Water Framework Directive proposes to include EBM to assess the presence of estrogenic hormones in water
bodies.

1.01.T-05 Daphnia magna behavioural responses. An emerging novel tool for effect direct analyses of neuro-active
substances in waste water treated effluents

Irene Romero?, Cristian Gomez-Canela? and Carlos Barata Dr?, (1)Department of Analytical and Applied Chemistry,
Department of Analytical and Applied Chemistry, School of Engineering, Institut Quimic de Sarria-Universitat Ramon Llull,
Spain, (2)School of Engineering, Institut Quimic de Sarria-Universitat Ramon Llull, Spain, (3)Institute for Environmental
Assessment and Water Research, Spanish Research Council (IDAEA-CSIC), Spain

Behavioral responses in non-animal species, such as Daphnia magna and zebrafish embryos, are increasingly used as sublethal
toxicological endpoints for assessing neurodevelopmental and neuro-disruptive effects of toxic contaminants. However, their
reliability in detecting neuro-active compounds in real-world field situations remains unclear. In the present study, we present
the we present the outcomes of a battery of seven behavioral responses in D. magna, along with neurotransmitters and related
metabolites, employed to identify neuro-active contaminants present in wastewater-treated effluent discharges from three
rivers in southeastern (SE) Spain. The investigated rivers include Llobregat and Besds, located within the Barcelona urban area
and receiving a mix of industrial and domestic effluents, and the Onyar river in Girona, primarily affected by agricultural
activities. Our sampling involved collecting water samples from wastewater treatment plant (WWTP) effluent discharges,
upstream and downstream locations, on two occasions. Contaminants from these samples were extracted and pre-
concentrated using solid phase extraction (SPE) cartridges , and tested at concentrations enriched by factors of x2, 5, 10 and
x20 fold. Analysis of contaminants was performed using liquid chromatography coupled to tandem mass spectrometry (LC-
MS/MS). Of the 48 water samples analyzed at increased concentrations, 43 showed impacts on at least one of the measured
responses. Specifically, Llobregat, Besos and Onyar rivers, respectively, affected 24, 19 and 2 D. magna responses. The
extracts concentrated x20 fold accounted for 67% of the detected effects, clearly indicating a concentration-dependent
response. Additionally, WWTP discharges had a pronounced impact on the studied rivers, contributing to 88%of the observed
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effects. Finally, the use of chemometric and bioinformatic tools helped to identify potential neuro-active contaminants and
understanding their modes of action.

This study was supported by the grants TED2021-130845B-C31, TED2021-130845B-C31, PID2020-113371RB-C21 and
PID2020-113371RB-C22 funded by MCIN/AEI/ 10.13039/501100011033 and by the NextGenerationEU/PRTR.

1.01.P Advancing the Use of Effect-Based Approaches for Water Quality Assessment

1.01.P-We001 Application of a bioassay battery to assess water quality in 15 Swiss watercourses

Cornelia Kienle, Nadine Bramaz, Andrea Schifferli, Daniel Olbrich, Anne-Sophie Voisin, Inge Werner, Etienne Vermeirssen
and Benoit J.D. Ferrari, Swiss Centre for Applied Ecotoxicology, Switzerland

Effect-based methods such as ecotoxicological bioassays and biomarkers are promising for assessing water quality. As
screening tools and early indicators, they provide an important bridge between exposure (i.e. the chemicals present and the
associated risks to aquatic organisms) and the effects on organisms in the environment and enable the assessment of mixtures
of contaminants in environmental samples, especially because not all substances present can be measured. The Ecotox Centre
has carried out an extensive monitoring study with the aim of extending the assessment of water quality using a selection of
effect-based methods. To this end, water quality was assessed at sites with extensive, agricultural or agricultural-urban land use
using a comprehensive bioassay battery of largely standardised water and sediment bioassays. Molecular biomarkers in young
brown trout were used in streams in extensively and agriculturally used areas. Together with measurements of abiotic
parameters and chemical analyses, a comprehensive picture of the influences can be obtained. The current presentation
provides an overview on the results of the aquatic bioassays.

Fourteen largely standardised in vitro and in vivo bioassays were used with different cell lines, algae, aquatic invertebrates
(ostracods and water fleas) and fish embryos and larvae. The risk to aquatic life was assessed using effect-based, bioassay-
specific thresholds. Potentially problematic sites were identified. Results of this effect-based risk assessment were also
compared with the mixture risk assessment based on chemical measurements. Sites with agricultural-urban land use showed
the strongest effects, followed by sites with agricultural land use and sites with extensive land use. Bioassays that showed the
most exceedances of effect-based thresholds were reporter gene tests for pollutant perception and oxidative stress as well as the
combined algae test (endpoint growth) and acute toxicity tests using fish embryos and a fish cell line. The comparison with
established assessment methods based on chemical analytical data has shown that these effect-based methods complement each
other and the chemical analysis and thus improve the detection of ecotoxicological risks. Results presented here will be used to
propose suitable test batteries adapted to the sources of pollution in Switzerland.

1.01.P-We002 How land-use influences aquatic ecotoxicity

Delia Lara Hof', Thomas Bing?, Klaus Peter Ebke®, Gustav Glock?, Sebastian HeR*, Jorg Oehlmann?, Andrea Sundermann?®
and Matthias Oetken?, (1)Aquatic Ecotoxicology, Goethe University Frankfurt, Germany, (2)MESOCOSM GmbH - Institute
for Water Protection, Germany, (3)MESOCOSM GmbH, Institut fir Gewasserschutz, Germany, (4)Department of River
Ecology and Conservation, Senckenberg Research Institute and Natural History Museum Frankfurt, Germany, (5)River
Ecology and Conservation, Senckenberg Research Institute and Natural History Museum Frankfurt, Germany

A major stressor complex to aquatic ecosystems is the steady increase of micropollutants over the last decades.
Micropollutants are particularly problematic for the environment because they can cause toxic effects even at very low
concentrations. They have the potential to affect both the environment and human health as they are often ubiquitous and
persistent. Micropollutants are anthropogenical organic trace substances and comprise, for example, pharmaceuticals,
pesticides, biocides and a wide range of household and personal care products and therefore have multiple pathways into the
environment. In this study field samples were analysed using different in vivo and in vitro effect-based methods (EBM). The
overall aim was to attribute the measured effects of the different EBMs to specific pollutant sources. This knowledge should
allow a more targeted prior test selection for the evaluation of field samples.

30 water and sediment samples from three different streams in the heavily anthropogenically impacted southern Rhine-Main
area were analysed. All samples were tested in vitro for their endocrine and dioxin-like activity, mutagenicity, baseline toxicity
and oxidative stress. For in vivo assessment the snail Potamopyrgus antipodarum, the crustacean Gammarus fossarum and
differend macrophytes were tested in chronic exposure. For all sampling sites the surrounding land use (arable land, forest,
pasture, urban area) was recorded based on the Corine Land Cover 5 dataset and upsteam discharger of waste water treatment
plants (WWTP) were identified. To evaluate the samples, the ecotoxicological effects were first compared with the main land
use type. A PCA was then used to identify in more detail the main influencing factors at each sampling site and again
compared with the results of the EBM. Overall, the selected test systems were well suited for an effect-based quality
assessment of the rivers in general and thus for a first assessment of the hazard potential of existing pollutants. It was difficult
to link the effects of a given EBM to one particular type of land use, as the causes of water pollution appear to be multi-causal.
Agricultural pollutants may have been underestimated, as they are often not captured by grab samples. However, there were
clear correlations between the effects of EBM and the proportion of the pollution load from upstream WWTP.

Acknowledgement This project is funded by the German Federal Environmental Foundation (DBU AZ 35663/01).
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1.01.P-We003 Evaluation of disinfection by-products (DBPs) and related water sources using a panel of effect-based
bioassays

Peter Alexander Behnisch?, Harrie Besselink?, Jon Wullenweber?, Anissa Grieb? and Mathias Ernst?, (1)BioDetection Systems
BV (BDS), Netherlands, (2)Technical University Hamburg, Germany

Water systems worldwide are confronted with a complex mixture of thousands of known and unknown (unregulated) emerging
compounds. Furthermore, water systems and treatment technologies face a major challenge and are under great pressure to
deliver safe and affordable water services to a growing population. The SafeCREW project catalyzes innovations in several
European water treatment sites through improved combinations of natural and engineered treatment systems. Water quality and
treatment performance is generally assessed for a limited set of individual parameters, possibly resulting in an incomplete
quality assessment. Room is now given in the Drinking Water Directive to develop a risk-based monitoring program. In the
SafeCREW project we applied a comprehensive panel of human cell-based biological detection methods (i.e. CALUX® assay)
to assess the impact of disinfection by-products (DBPs), related chemicals and chemical mixtures on a range of key types of
toxicity pathways (e.g. cytotoxicity, genotoxicity, oxidative stress, endocrine effects, PAH and PFAS--like properties and
obesity) in different model and real demonstration site waters. Such effect-based bioanalysis allows for detection of
known/unregulated/unknown chemicals and to evaluate a safer risk assessment of total toxicity of water samples, including
mixture effects. Most relevant DBPs were selected and tested by the CALUX panel to obtain relative potency factors (RPFS).
For this first round of analyses, model and real water samples of natural organic matter (NOM) proxies for ground and surface
water s were selected to evaluate the response of the innovative biotests on different disinfection methods. Additional water
treatment using innovative treatment technologies (oxidation, advanced oxidation) improves water quality significantly as
determined using panel of effect-based CALUX bioassays. Results from effect-based CALUX bioassays can be used for
evaluation of efficiency of treatment technologies to remove bioactive substances. Our here applied effect-based trigger values
(EBTs) for the assessment of water quality and implementation of effect-based bioassays in regulatory water frameworks for
risk assessment is discussed. The here presented action plan for water treatment plant operators based on EBT, enhances the
applicability of effect-based bioassay for assessment of water quality and regulatory acceptance.

1.01.P-We004 COMPLEMENTARY CHEMICAL SCREENING + BIOASSAY APPROACH FOR MONITORING
WATER QUALITY: PRESENTATION OF A CASE STUDY

Jonathan Coulmin?, Berenice Ndaitwah?, Mathilde Chachignon?, Emilie Cocardon®, Gaéla Leroy?, Gaélle Canteau®, Laura
Ashipala* and Thomas Honer?, (1)Scientific & Technological Expertise Department, Veolia Group, France, (2)Windhoek
Goreangab Operating Company, Namibia, (3)Scientific & Technological Expertise Department, VEOLIA Research &
Innovation, France, (4)City of Windhoek Scientific Services Department, Namibia

Today, the microbiological and chemical quality of drinking water is a major concern, particularly contaminants of emerging
concern (CECs). The occurrence of these emerging pollutants in the environment has been a proven fact for several years now,
but their impacts and risks, at the concentrations usually found in environmental matrices, are still poorly estimated.

The strategy put in place by VEOLIA Research and Innovation consists of carrying out parallel chemical and bioassays to
monitor of various drinking water treatment processes as well as the resource:

e On one site, the implementation of two "semi-targeted" complementary chemical analysis protocols (SBSE-GC-HRMS
and SPE-LC-HRMS) to the water samples. Next, a major data reprocessing operation is carried out, using in-house tools,
to identify the substances present among almost 4,000 micropollutants.

e and other site, the implementation of analyses based on the biological activity or toxicity induced by any micropollutants
present in the extract of the sample analyzed (effect-based monitoring, EBM). The 4 most relevant modes of action to
monitor in drinking water supply according to the experts (GWRC) are: endocrine disruption, oxidative stress, xenobiotic
metabolism and genotoxicity.

This paper presents the results of a case study. This combined Chemical Screening + Bioassay approach has been used to
monitor the performance and evolution over time of various samples from the New Goreangab Reclamation Plant (Direct
Potable Reuse Plant) in Windhoek, Namibia.

The results of chemical screening highlight that most of the micropollutants identified in raw water are Pharmaceuticals and
Industrial contaminants and the removal performance of the whole treatment line is very good. The results of Bioessays
highlight the decrease in toxicity during treatment, different levels of toxicity between the two campaigns and the presence of
very low toxicity in the water produced (Estrogenic effect).

Water (even in the ressource) contains micropollutants, at a high or low level of concentration. For the moment, only targeted
chemical analysis of certain micropollutants is regulated, Bioassays are not. This study shows how Chemical Screening and
Effect-Based Monitoring are complementary for a better water quality risk assessment. Chemical analysis is still essential to
understand which micropollutants are present in the samples, and the main advantage of EBM is to study their potential
mixture effects on human health.

1.01.P-We005 Implementing effects-based monitoring strategy to assess water quality in California waterbodies
Alvine C Mehinto!, Victoria McGruer?, Daniel Schlenk? and Keith Maruya?, (1)Southern California Coastal Water Research
Project (SCCWRP), (2)Environmental Sciences, University of California Riverside (UC Riverside)

There is a growing interest in the application of cell-based bioassays to supplement chemical-by-chemical monitoring and
assess the biological impacts of complex environmental mixtures. In recent years, California agencies have invested in the
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development and field evaluation of cell bioassays (e.g., estrogen receptor, aryl hydrocarbon receptor and glucocorticoid
receptor assays) for water and sediment quality screening. This poster presentation will highlight the three-step approach we
have employed to help facilitate the incorporation of cell bioassays in ambient monitoring programs in California. The first
step focused on the development of performance-based criteria and data quality plan to ensure that all data reported meets
minimum requirements. The second step focused on large scale application of cell bioassays and comparisons with other lines
of evidence. This step was critical in demonstrating the added value of cell bioassay data. The third step focused on the
development of a tiered interpretation framework with several cell bioassay thresholds (or effects-based triggers) associated
with potential management actions.

1.01.P-We006 Effect-based assessment: Seasonal differences in streams

Delia Lara Hof!, Thomas Bing?, Klaus Peter Ebke?, Sebastian HeR*, Jorg Oehlmann?, Andrea Sundermann® and Matthias
Oetken?, (1)Aquatic Ecotoxicology, Goethe University Frankfurt, Germany, (2)MESOCOSM GmbH - Institute for Water
Protection, Germany, (3)MESOCOSM GmbH, Institut fir Gewasserschutz, Germany, (4)Department of River Ecology and
Conservation, Senckenberg Research Institute and Natural History Museum Frankfurt, Germany, (5)River Ecology and
Conservation, Senckenberg Research Institute and Natural History Museum Frankfurt, Germany

The majority of aquatic ecosystems are now massively degraded as a consquence of various anthropogenic impacts, including
pollution. Chemical analyses are often used to identify key stressors, but these selective testings represent only a fraction of the
substances actually present in water bodies. However, for effective water management, the relevant pollutants need to be
clearly identified. Effect-based methods (EBM) allow an integrative assessment of the pollutant effects of even complex
mixtures as they occur in the environment, including potential interactions between substances. Therefore, they have the ability
to bridge the gap between ecological condition and chemical pollution, thus providing a better understanding of the degraded
status of water bodies. In this study different sites were sampled four times during the year and analysed via in vitro EBMs.
The overall aim was to identify seasonal differences of the ecotoxicological activity in water samples. This knowledge should
allow a more standardized evaluation of field samples.

A total of 15 water samples were collected in the southern Rhine-Main area. Due to various inputs and structural deficits, the
water bodies there do not achieve a good ecological status as defined by the European Water Framework Directive (EU-WFD).
Each site was sampled four times in 2021 (spring, summer, autumn, winter) and tested in vitro for endocrine and dioxin-like
activity, mutagenicity and baseline toxicity. The effects found were first tested for differences in the time of sampling. Across
all sites, no seasonal differences were found for the majority of the tests performed. However, the analysis of individual
sampling sites showed site-specific seasonal variations in ecotoxicological effects. Therefore, different complex exposure
scenarios are to be expected spatially and temporally, so that future ecotoxicological water assessments should consider not
only factors such as a standardised sampling method, but also comparable sampling periods. For further evaluation, the effects
were converted into a five-level system from "very good" to "poor" in order to determine an ecotoxicological water quality
class for each sampling site.This was used to identify the causes of deficient water conditions, thereby helping to identify the
reasons for the failure to achieve good ecological status.

Acknowledgement. The DECIDE project is funded by the German Federal Environmental Foundation (DBU AZ 35663/01).

1.01.P-We007 How Much Do Commonly Monitored Organic Contaminants Explain Species-Specific In Vitro Toxicity
of Seawater?

Xintong Liu?, Angi Xiong?, Li Zhang?, Bo Liang*, Wenhua LIU#, James Kar-hei Fang® and Ling Jin®, (1)Hong Kong
Polytechnic University, Hong Kong (China), (2)CEE, Hong Kong Polytechnic University, Hong Kong, (3)Hong Kong
Polytechnic University, Hong Kong, (4)Shantou University

The Indo-Pacific finless porpoise and Indo-Pacific humpback dolphin are iconic threatened marine mammals in Hong Kong.
Chemical pollution is amongst the multiple stressors that impact their health. While there have been studies successively
devoted to different groups of contaminants in the seawater where the porpoise and dolphin inhabit, it remains elusive to what
extent these commonly monitored contaminants contribute to the overall toxicity of seawater and whether there is an
imperative to resolve other contributing toxic pollutants. To fill this knowledge gap, we developed species-specific cell lines to
assess the cytotoxicity of Hong Kong's marine water and employed mixture-toxicity modeling to determine the quantitative
role of 32 chemicals previously detected thereof, including polycyclic aromatic hydrocarbons, polyfluoroalkyl substances,
brominated flame retardants, organotins, ultraviolet filters, and algal toxins. These chemicals collectively accounted for a
greater proportion of seawater cytotoxicity in the northern, eastern, central, and southern waters (25-43%) than in the western
waters (6%). Consistent to this pattern, pectenotoxin-2, which is produced by Dinophysis spp. and the major driver of all the
studied chemicals, explained 22-36% of seawater cytotoxicity in most of the waters except for the western waters (4%). In
contrast, di-butyltin, one component of the antifouling agents in shipping activities, contributed consistently to seawater
toxicity across the coastal waters (2-6%). These results pinpointed zone-specific focus in identification of marine pollutants
potentially impacting the cetacean health (e.g., more on anthropogenic chemicals in the western waters vs. more on natural
biotoxins in the rest of the coastal waters) by suspect/non-target screening combined with artificial intelligence-facilitated
toxicity profiling. Similar approaches should be directed towards chemical mixtures accumulated in the porpoise and dolphin.
The development of effect-based trigger values for mixture effects should be prioritized as a tool for managing the overall risk
of chemical cocktails in coastal waters to protect these threatened marine mammals.
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1.01.P-We008 **Chemical characterization and genotoxic assesment of treated and untreated municipal wastewater
from WWTPs of Las Palmas de Gran Canaria (Spain) and Mahdia (Tunisie) cities™

Hedi BEN Mansour?, Ludovit Schreiber?, Maria Zoraida Sosa?, Sergio Santana-Viera® and José Juan Santana-Rodriguez?,
(1)University of Las Palmas de Gran Canaria (ULPGC), Spain, (2)Chemistry Department, Universidad Las Palmas de Gran
Canaria, Spain, (3)Institute of Environmental Assessment and Water Research - Spanish National Research Council (IDAEA-
CSIC), Barcelona, Spain

The quality monitoring of municipal wastewater has an interesting role in sustainable development. In fact, wastewater
treatment plants (WWTPs) constitute the main source of emerging pollutants which are released into the environment
depending on their resistance to conventional treatments. These emerging and recalcitrant pollutants present a certainly
environmental impact and risks to human health. A recent approach in environmental protection involves the toxicological
assessment of effluents to complement the usual chemical evaluations. In our present work we effectued an comparative study
between two WWTPs of Las Palmas de Gran Canaria (Spain) and Mahdia (Tunisie). Results indicated that the
physicochemical analyzes carried out for parameters like COD, BOD, TSS, TOC, DOC, POC, MO, conductivity, turbidity, etc.
showed that both the influent and the effluent of the WWTP of the Las Palmas de Gran Canaria seem to be more contaminated
than those corresponding to WWTP in Mahdia which show lower values of the same parameters. However the genotoxic
investigation carried out by the SOS chromotest with E. coli PQ37 in the presence and in the absence of the metabolic
activation system (S-9) shows that the influent and effluent of wastewater treatment plants of Mahdia induced strongly
genotoxic effect compared to those of Las Palmas de Gran Canaria. In fact, the IF is dose dependent and reaches a value of
5.32 with the highest concentration (well above the genotoxicity barrier of 1.5) in influent of the WWTP of Mahdia. This
genotoxic effect decrease but remains greater than 1.5 at the effluent of the WWTP. We can conclude that the physicochemical
parameters do not reflect the toxicity in the case of the effluent collected from WWTP in Las Palmas de Gran Canaria and that
the genotoxic power of the influent and effluent of WWTP samples of Mahdia could be attributed to the presence of higher
quantities of organic compounds cocktails which resist to the lagoon treatment system used. The genotoxic power of the tested
wastewater treatment plants samples could be attributed partly to the presence of higher quantities of antibiotics which were
detected in these samples and included in another of our works.

1.01.P-We009 Assessing Estrogenic Activity in Complex Environmental Matrices: The Impact of Organic Matter and
Suspended Particulate Material on the Yeast Estrogen Screen

Allan Argolo, Giselle Gomes and Daniele Maia Bila, Departamento de Engenharia Sanitaria e Meio Ambiente, Universidade
do Estado do Rio de Janeiro - UERJ, Brazil

The presence of estrogenic endocrine disruptors in aquatic environments has been a concern and bioassays are recommended
tools for their monitoring. However, the physicochemical properties of contaminants and the environmental matrix features
may influence the observed response. The present study aimed to assess this influence on the Yeast Estrogen Screen (YES)
assay. Mixtures of 17B-estradiol (E2) and humic acid (HA) were evaluated through the Schild approach aiming to investigate
the interactions between estrogens and dissolved organic matter (DOM). Moreover, environmental samples from municipal
landfill leachate and wastewater treatment plant (WWTP) influents and effluents were screened for estrogenic and
antiestrogenic activity at both dissolved and particulate (SPM) phases. Physicochemical characterization for solids and organic
matter was also performed and a principal component analysis (PCA) was run, aiming to investigate global relationships
between results and to probe if the assessed parameters were indicative of an estrogenic activity distribution. The HA test
concentrations had strong apparent antagonistic effect and reduced the E2 response, even at low levels. Humic substances may
not only reduce estrogen bioavailability, but also interfere with the assay mechanism through enzymatic inhibition thus
masking the sample estrogenic potential. DOM-rich environmental samples may have their estrogenic potential underestimated
by the YES assay and analogous methods. Landfill leachate had total E2-Equivalents (E2-Eq) in the range 1282-2591 ng L%,
while WWTP samples were in the range 12.1-41.4 ng L™ (influents) and up to 2.3 ng L* (effluents), respectively, so
estrogenicity was reduced 92% in average by the treatment process. SPM phase was responsible for 33—100% of measured E2-
Eq, though cytotoxicity was recurrently associated with particles >0.7 um. Antiestrogenic activity was observed in both phases
and might also have masked the estrogenicity of samples. Physicochemical parameters supported the interpretation of E2-Eq
multiphase distribution, but no pattern was confirmed by the PCA and parameters were not determinant. In conclusion, the in
vitro YES assay is subjected to factors intrinsic to the environmental sample that can influence on the measured estrogenic
response. Therefore, results interpretation should be performed together with organic matter characterization parameters,
cytotoxicity and antiestrogenic activity evaluation.

1.01.P-We010 Water fleas as a “canary in the coal mine” to early predict water pollution

Emma Rowan?, Anne Leung?, Katie ORourke?, Beatrice Engelmann?, Rolf Altenburger?, Ulrike Rolle-Kampczyk? and
Konstantinos Grintzalis*, (1)School of Biotechnology, Dublin City University (DCU), Ireland, (2)Molecular Systems Biology,
Helmholtz Centre for Environmental Research (UFZ), Germany, (3)Department of Bioanalytical Ecotoxicology, Helmholtz
Centre for Environmental Research (UFZ), Germany, (4)Dublin City University (DCU), Ireland

The growing human population has a significant impact on the environment and the planet. Therefore, assessment of
environmental exposure to toxic chemicals and their impact on biological systems is important. Currently traditional
approaches focus on the detection of chemicals or monitoring the abundance of fauna and flora. However, these measurements
are weak in terms of providing minimal detection of a fracture of possible contaminants in the environment, while they also
fail to produce a diagnostic insight concerning the type of stressor. Furthermore, these methods cannot predict any future
impact before ecological damage has occurred and this is reflected in the poor legislation in some cases of pollutants, which
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comes as a natural consequence of these approaches not being able to safeguard the environment. Moving away from
traditional methods to monitor pollution, modern eco-toxicology is shifting towards the use of effect-based methods as key
approaches to supplement and provide meaningful mechanistic insight for pollution assessment. Focusing on the freshwater
ecosystem, daphnids, commonly known as water fleas, have acquired a central position in molecular ecology and
ecotoxicology. Exposing daphnids in a series of pollutants and generating molecular fingerprints from their responses allows a
more in depth understanding for the action of pollutants in non-target species. Expanding from acute to chronic and
transgenerational exposures we are able to understand more on the impact of pollutants. Combining phenotypic endpoitns with
holistic metabolomic approaches we defined the molecular changes of several chemicals and novel materials in the physiology
of daphnids for individual and mixtures of stressors. Comparing these “signatures” with the ones obtained from actual water
samples, we transformed daphnids as an equivalent to “a canary in the coal mine” to early predict pollution and provide new
metrics for water quality.

1.01.P-We012 Biological activities of antidepressants and G protein-coupled receptors (GPCRs)-acting pharmaceuticals
to monoamine transporters of human, fish, and water flea

Masaru lhara?, Mariko Ohno lhara?, Han Zhang® and Minguang Han*, (1)Kochi University, Japan, (2)Agriculture and
marine science, Kochi University, Japan, (3)Dalian University of Technology, China, (4)Kyoto University, Japan

Over recent years, growing numbers of human pharmaceuticals have been detected in effluents of wastewater treatment plants
(WWTPs) and river water. Antidepressants are one of most commonly detected human pharmaceuticals, and concern about
their potential risks to aquatic species has been raised because they modulate neurotransmission in nervous systemn. Their
target moleucules (i.e., monoamine transporers) are evolutionally well conserved from invertablate to human.

So far, we demonstrated that antidepressants could inhibit not only human but also zebrafish monoamine transporters?-2).
Several studies reported that antidepressants induce abnormal behaviors and alter the reproductions of invertebrates in vivo
exposure test under the laboratory experimental setup (e.g., Echinogammarus marinus, snails, and clams). However, nobody
has investigated the activity of antidepressants on the monoamine transporters of invertebrates.

In this study, we cloned SERT of water flea (D. pulex, WTNG6) for the first time. We investigated by the in vitro assay whether
SERT of water flea could be inhibited by antidepressants. We also cloned monoamine transporters of medaka and ayu fish
(Plecoglossus altivelis), which is one of the important food fish in Japan.

As a result, antidepressants could inhibit not only human but also fish and water flea SERT. Interestingly, fish SERTs were
strongly inhibited by antidepressant compared to human SERT.We also we applied the in vitro antidepressant assay to WWTP
effluent extracts. All wastewater extracts showed reduction of APP uptake for not only human but also fish and water flea
SERT. These results indicate that at least molecular level, fish and water flea could be more seriously affected by
antidepressants in water environment than human.

1.01.P-We013 Application of gene expression biomarkers in brown trout, Salmo trutta, to assess water quality in 10
Swiss watercourses

Anne-Sophie Voisin, Melanie Fasel, Cornelia Kienle, Rébecca Beauvais, Benoit J.D. Ferrari and Inge Werner, Swiss Centre
for Applied Ecotoxicology, Switzerland

Analysis of gene expression biomarkers in resident organisms represents a promising effect-based approach for water quality
monitoring. It allows a sensitive and integrated detection of environmental pressures, including contamination with
micropollutants. In this study, we used microfluidic gPCR for high-throughput analysis of 96 biomarker genes in brown trout.
These genes were selected to detect the effects of micropollutants, in particular pesticides, and other stressors by reflecting a
wide range of biological processes. The selection was based on scientific literature and databases (e.g. AOP-Wiki,
Comparative Toxicogenomics Database, EcoToxChip) as well as previously established biomarkers (Ecotox Centre in
collaboration with aQuaTox-Solutions GmbH). Biomarkers were measured in brain and liver tissue of juvenile brown trout
from ten sites in Switzerland, including five sites with extensive land use and five sites with agricultural land use. Depending
on the site, trout parr (less than one year old) and/or one year old trout were studied. In a parallel project carried out at the
Ecotox Centre, water from the same sites was analysed by detailed chemical analysis and a battery of bioassays. The biomarker
results show an influence of size and sex on the expression of specific genes in the liver and brain and the need to take these
confounding factors into account when interpreting the responses. Accounting for these factors, we detected biological effects
(e.g. oxidative stress, effects on the immune system, endocrine disruption, effects on metabolism) at several sites, with the
majority of effects attributed to sites with agricultural land use. While the chemical analysis-based risk assessment indicated a
risk to vertebrates at only one of the sites, which was concordant with the biomarker results, we observed biological effects at
several other sites that warrant further investigation. Our study demonstrates the potential of biomarkers to provide
complementary information to chemical analysis and bioassays for the identification of problematic sites, biological effects
and stressors. To fully leverage the potential of biomarkers, future research and monitoring studies should aim to establish
reference values that allow to distinguish between responses indicative of a stressed or healthy state. This study represents a
step forward in the use of biomarkers for biomonitoring.

1.01.P-We014 The Adaptability of Fish Defense Mechanisms Against Anthrophogenic Environmental Pollution

Anna Koubova?, Pavel Sauer?, Hana Kocour Kroupova? Zuzana Tousova®, Maria Carolina de Sales Rlbeiro*, Heike Smidt-
Posthaus®, Kldra Hilserova®, Roman Grabic? and Viadimir Zldbek?, (1)University of South Bohemia Ceske Budejovice, Ceské
Budeéjovice, Czech Republic, (2)University of South Bohemia in Ceske Budejovice, Faculty of Fisheries and Protection of
Waters, Czech Republic, (3)RECETOX, Faculty of Science, Masaryk University, Czech Republic, (4)Centre of Fish and
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Wildlife Health, Department of Infectious Diseases and Pathobiology, University of Bern, Switzerland

Enhancing our comprehension of the adverse effects on aquatic fauna due to environmental pollution necessitates a holistic
approach. Employing passive sampling and subsequently determining defense mechanisms, stress indicators, and other
biological effects in vitro in fish and benthic invertebrates can unveil the organism capacity to respond and cope with
contaminants released into streams by municipal wastewater. The knowledge of pollution impacts on fish and their associated
food chains can clarify the processes that allow fish to adapt to chemical exposure. Biochemical responses and histological
changes in the organism were monitored in brown trout (Salmo trutta m. fario) restocked up and downstream of the sewage
treatment plant (STP). Passive samplers (Speedisks and Silicone rubber sheets) were deployed at both sites to simulate the
potential trans-membrane uptake of micropollutants into the organisms. The activity of biomarkers of oxidative stress and the
catalytic activity of enzymes from the cytochrome P450 group involved in transforming foreign substances in the organism
were determined in selected fish tissues. The results showed gradual adaptability to environmental pollution during the tested
season from spring to autumn. The increased level of vitellogenin in the blood plasma of males indicated the impact of
pollution on the balance of the endocrine system. Minor histopathological changes did not result from water pollution level but
rather from a time-dependent growth variability of the tested individuals arising from other environmental factors. In vitro
testing revealed the presence of compounds inhibiting progesterone receptors in passive samplers and benthos (Ephemera and
case-making caddisflies), both at the control site and the site burdened with discharges of wastewater but not in the fish tissues.
The study contributed to determining the response and adaptability of fish defense mechanisms against anthropogenically
introduced chemical pollution into the aquatic environment. Since the study uses a holistic approach, this research may be
considered environmental biomonitoring. The research was supported by the Czech Science Foundation (project No. 20-
04676X) and by the Ministry of Education, Youth and Sports of the Czech Republic — project “CENAKVA” (LM2018099).

1.01.P-We015 Exploring the Potential of a Byproduct from Essential Oil Distillation: Ecotoxicity of Lavandin
Hydrolates

Maria Rosa Pino Otin?, Antonio Valenzuela?, David Gimeno-Martinez Sr?, Elisa Langa®, Diego Ballestero?, Cristina Gan-
Oriat, M2 Angeles Sanz-Garcia? and Juliana Navarro?, (1)Universidad San Jorge, Spain, (2)Agrifood Research and
Technology Centre of Aragon (CITA), Spain, (3)San Jorge University, Spain

During essential oil steam distillation, a significant volume of condensed water, known as hydrolates, is produced.
Traditionally considered waste, hydrolates are now recognized for their antioxidant, antibacterial, and antifungal activities.
This study assesses the ecotoxicity of hydrolates from Lavandula x intermedia Emeric ex Loisel, Lavandin, specifically the
'Super' (LS) and 'Grosso' (LG) varieties. Bioindicators Daphnia magna, Vibrio fisheri, Allium cepa, and Eisenia fetida were
employed.

Aerial plant parts were manually harvested, and steam distillation in a stainless-steel distiller produced 5L of each hydrolate.
Hydrolate composition, including total polyphenols, flavonoids, and proanthocyanidins, was analyzed using
spectrophotometric techniques. Coumarin was quantitatively analyzed by HPLC-DAD, and volatile fractions were examined
by GC-MS.

The Grosso variety contained 32 compounds, while the Super variety had 14, both including the main lavandin oil
components: linalool, linalyl acetate, camphor, 1,8-cineole, and borneol. Monoterpenes constituted 96.1% in Super and 86.4%
in Grosso, mainly in oxygenated forms.

Both hydrolates showed high ecotoxicity to terrestrial and aquatic organisms. In descending order of toxicity: D. magna > E.
fetida > V. fisheri > A. cepa.

D. magna and E. fetida were the most sensitive, exhibiting mortality at low hydrolate concentrations: LCso = 0.23% for LG and
0.75% for LS in D. magna, and 0.82% and 0.84% for LG and LS, respectively, in E. fetida. Vibrio fisheri required slightly
higher doses for luminescence loss: 1.60% and 1.07% for LG and LS. A. cepa root growth was inhibited at low hydrolate
concentrations (ECso = 3.44% and 2.60% for LG and LS, respectively).

Pronounced toxicity in both indicators highlights the importance of considering the ecotoxic potential of natural products,
crucial as interest grows in using these substances in agri-food, pharmaceutical, or cosmetic applications.

1.01.P-We016 Improving the Ecotoxicity Assessment of Waste from Mirror Entries: Evaluating the Suitability of a
Biotest Battery

Janina Blocher?, Karen Duis?, Stephan Jansch?, Ralf Ketelhut? and Anja Coors?, (1)ECT Oekotoxikologie GmbH, Germany,
(2)Stoffstromdesign Ralf Ketelhut, Germany

The European List of Wastes (2000/532/EC) contains ‘mirror entries’, wastes that can depending on their properties be
classified as hazardous (when displaying at least one of 15 hazard properties) or non-hazardous. The hazard property
‘ecotoxic’ (HP 14) is assessed with a calculation approach based on the content of hazardous substances or using ecotoxicity
tests with the respective waste sample or its eluate. For the testing approach, guidance at EU level is so far lacking. In several
EU member states including Germany, recommendations for the ecotoxicological characterisation of wastes have been
developed. The aim of the present project was to verify the recommendations published in 2013 by the German Environment
Agency (UBA) and to develop suggestions for their further development.

To verify the suitability of the recommended test battery, ten waste samples from three mirror entries (10 09 09*/10 09 10:

flue-gas dust, 17 05 03*/17 05 04: soils and stones, 19 10 03*/19 10 04: fluff-light fraction and dust) were tested. Four of these
wastes were classified as hazardous by their owners and six as non-hazardous. Waste sampling complied with the requirements
of European (CEN/TR 15310) and German guidance (LAGA PN 98). Samples were sieved to a grain size of < 4 mm or, for the
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Arthrobacter contact test, < 2 mm. The test battery consisted of three aquatic tests with waste eluate (acute daphnid test, algal
growth test in microplates and luminescent bacteria test) and three terrestrial tests (earthworm avoidance test, growth test with
higher plants and Arthrobacter contact test). Aquatic tests were repeated up to three times to evaluate reproducibility.
According to the recommendations of UBA, a waste was classified as ecotoxic, if the ECs determined in at least one of the six
tests was < 10% eluate or solid waste.

For the aquatic tests, several test runs always yielded very similar results leading to the same classification. Algae and
daphnids were more sensitive than luminous bacteria, and the aquatic tests tended to be more sensitive than the terrestrial tests.
According to the test results, most wastes classified as hazardous by their owners were ecotoxic (HP 14). However, most
wastes which had been classified as non-hazardous by their owners, were also ecotoxic. Based on the results of the
experimental work, suggestions were developed how to update and further advance the German 'Recommendations for the
ecotoxicological characterisation of wastes’.

1.01.P-We017 The Road to Preliminary ldentification of Techniques for Toxicity Monitoring and Chemical Key
Environmental Issues

Elvio D Amato?, Danielle van Der Linde!, Gustavo Guerrero-Limon?, Markus Hjort®, Renske P. J. Hoondert! and Eleni
Vaiopoulou*, (1)KWR Water Research Institute, Netherlands, (2)Water, Soil and Waste, Concawe, Belgium, (3)Concawe,
Belgium, (4)CONCAWE

The oil refining process requires substantial water volumes for several purposes, such as cooling, steam generation, and
processing of raw materials. After usage, some of the remaining water volumes are discharged. Industrial emissions should be
assessed using Best Available Techniques (BAT), the latter according to the Industrial Emissions Directive (IED; 2010/75/EU)
that also establishes what kind of parameters and how they should be monitored. In the upcoming years the Best Available
Techniques Reference Document and its BAT Conclusions will be revised. In addition to chemical parameters, this is expected
to include also effect-based monitoring. We have previously described an array of bioassays deemed suitable for the
monitoring of refinery effluents, that are based on well-established protocols by OECD and I1SO guidelines. In this pilot
project, we aim at developing a testing program with the purpose of assessing the practical implementation challenges with the
proposed assays at a selection of European refineries, to be performed in combination with parallel assessment of emissions
levels. This complex project requires the measurement of several chemical parameters and toxicological endpoints, for which
different sampling approaches and sample handling are needed. The adequate preservation of the sample offers additional
challenges given the relatively scarce availability of local laboratories that have the capabilities to screen the samples for the
selected bioassays. Large scale projects as this highlight the need of coordinated efforts between stake-holders, industry, NGOs
and others to achieve common goals. Staying innovative and making the best-informed decisions is crucial to success in the
ever-evolving landscape of Directives and other regulations, thus, our pilot project provides important insights as how to tackle
complex problems at once advancing water quality assessments.

1.01.P-We018 Strategies to address marginal and intermittent toxicity in effluent dominated systems.

William L. Goodfellow?, Konrad Kulacki? and Alexandra Steele®, (1)Ecological and Biological Sciences, Exponent, Inc.,
(2)Exponent, (3)Exponent Inc.

As we continue to better manage water use within industrial facilities, effluent volumes can become reduced by water
conservation. In these instances, chemical constituents in the wastewater maybe more concentrated, allowing more efficient
treatment. However, less water may also be a concern for constituents that are recalcitrant to treatment. This issue is often
magnified in effluent dominated receiving water systems. To overcome this limitation, as well as to account for the many
effluents that contain mixtures of chemicals, whole effluent toxicity testing (WET) or whole effluent assessment (WEA) can
more effectively determine whether effluent is toxic to aquatic organisms in its entirety, rather than by virtue of individual
chemical components. Traditional WET or WEA methods use standard test species as fish, invertebrates, and algae as the
analytical detectors to assess whether the effluents are unacceptably toxic even when the specific chemical composition is not
immediately known. In effluent dominated systems, the regulatory trigger concentration can be at or nearly full-strength
effluent. As a critical review, this paper will use case examples for the assessment of effluents to account for site-specific
considerations of the discharge or receiving stream. One is faced with the challenge in effluent dominated systems to better
understand if the results are due to effluent toxicity or whether the results are at least partially reflective of organism response
variability. In these situations, the "but for question” needs to assess if the response in the effluent is due to chronic toxicity, or
whether a necessary constituent that is present in the control water (or culture water) is missing in the effluent or does not
provide the trace nutrients or food for adequate organisms' performance. This presentation will explore strategies to further
evaluate effluents while employing novel assessment strategies, and still allowing the ability to resolve the specific chemical
causing or contributing t the toxic effluent.

1.01.P-We019 Why emission control technologies matter — An environmental perspective of catalyst and electrostatic
precipitator application in biomass-based energy supply and their impact on aquatic systems

Marc Wollenweber?, Lisa Feikus?, Jialiang Ma®, Kamila Kluczek®, Daniel Wohter?, Manfred Méller?, Manuel Garcia-Kaufer,
Alexander Vogel®, Thomas Kraus®, Sabrina Schiwy” and Henner Hollert?, (1)Evolutionary Ecology & Environmental
Toxicology (E3T), Goethe University Frankfurt, Germany, (2)RWTH Aachen University, Germany, (3)Goethe University
Frankfurt, Germany, (4)University Medical Center Freiburg, (5)Goethe University Frankfurt, Institute for Atmospheric and
Environmental Sciences, Germany, (6)Uniklinik RWTH Aachen, (7)Evolutionary ecology and environmental toxicology,
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Goethe University Frankfurt, Germany

The increasing use of wood in residential heating is a major concern due to its impact on human health and ecosystems. The
increasing demand for renewable energy sources further exaggerates this isssue. To reduce the emissions from small-scale
wood-fired heating appliances, the use of emission control technologies has become increasingly important. However, the
efficiency of such technologies has been investigated mainly based on human health aspects, leading to significant neglect of
ecotoxicological perspectives. In addition, the environmental risk assessment of atmospheric pollutants has focused primarily
on particulate-associated toxicology, lacking effect data of the water-soluble fraction of wood smoke. Therefore, we applied
two commercially available emission control technologies (ceramic foam catalyst (CAT) and electrostatic precipitator (ESP))
and investigated their impact on the acute (Raphidocelis subcapitata, Daphnia magna, and Danio rerio) and mechanism-
specific toxicity (in vitro endocrine disruption, in vitro and in vivo EROD activity) of small-scale wood stove emissions. Beech
wood was burned discontinuously in a small-scale wood stove, and water-soluble extracts of wood smoke (WSE) as well as
organic extracts of deposited particulate matter (PME) were analyzed. Untreated WSE samples exerted pronounced acute
toxicity to all investigated species (ECso: 0.080-0.876 m3/l). Endocrine activity (estrogenicity and anti-androgenicity) was
detected in PME but not clearly in WSE. A similar trend was observed for the investigation of EROD activity. As expected,
CAT treatment resulted in high mitigation efficiencies, however, ESP operation did not clearly reduce the observed toxicity of
the wood-burning emissions. Non-target chemical analysis combined with hierarchical cluster analysis confirmed these
observations. The data strongly suggest a temperature-dependent efficiency of the ESP as a function of gas-to-particle
conversion. In addition, ESP significantly reduced PM emissions, but resulted in the formation of very coarse PM (i.e., PMs1o).
Overall, this study provides strong evidence that the use of CATs and, to a slightly lesser extent, ESPs in residential biomass
heating appliances are promising measures to protect ecosystem health.

1.01.P-We021 Progressing Short-term Methods for Estimating Chronic Marine Toxicity for Regulatory Use in the
North-East Atlantic Region.

Mathijs Smit, PhD?, Petra Baverbeck?, Caroline Brown®, Kevin Cailleaud*, Tone Frost®, Shona Knowles®, Brid O'shea?,
Gustavo Guerrero-Limon’ and Eleni Vaiopoulou®, (1)Shell International, Netherlands, (2)SLB, (3)OEUK,
(4)TOTALENERGIES, France, (5)Equinor AS, (6)EOSCA, (7)Water, Soil and Waste, Concawe, Belgium, () CONCAWE

In the North-East Atlantic region, risk- and hazard assessment play an important role in the management and permitting of
offshore chemicals, produced water and other wastewater discharges. Currently, assessments mostly rely on data from acute
toxicity tests performed on a limited number of species. The application of acute tests potentially results in an overestimation
of environmental risk due to the application of high assessment factors when deriving safe limits. Experience in some countries
has shown that chronic toxicity testing can be an effective risk mitigating measure. However, due to their practical limitations
and associated costs, chronic tests are not yet widely applied. There is a growing interest in the application of toxicity tests for
the assessments of wastewater discharges both offshore and from land-based sites to coastal environments. Such tests might
become essential to have appropriate and fit-for-purpose acute and chronic marine toxicity test protocols.

Under the umbrella of Offshore Energies UK (OEUK) a group of energy companies, chemical suppliers and industry
associations have initiated a Joint Industry Project (JIP) that aims to pilot short-duration methods for estimating chronic marine
toxicity tests for regulatory use in the North-East Atlantic region. The project aims to identify suitable methods for estimating
chronic marine toxicity based on existing protocols and global practices and applicable to the management of both offshore
and coastal discharges. The focus will be on protocols with short duration to reduce costs, optimize execution time and
required logistics. Eventually the project aims to deliver a list of agreed and practical protocols that estimate chronic toxicity
from which the endpoints are acceptable to all parties involved and includes tests that have been selected based on their
availability and efficiency.

The project starts collecting and reviewing available short-term methods for estimating chronic toxicity. Selection of tests will
be based on a comparison of available data on performance of such tests with the current acute tests. Piloting the methods on
selected effluents and chemicals is foreseen within the project. The aim is to work with operators, chemical suppliers, testing
laboratories, regulators, and their scientific advisors to develop a set of reliable short-term methods for marine chronic toxicity
testing, ready for implementation upon project closure.

1.01.P-We022 Impacts of Anthropogenic Stressors on Feral Fish: Biomarker Response in Locally Adapted and
Translocated Brown Trout along the Holtemme River, Germany

Tanja Reimann?, Fabian Weichert?, J6rg Ahlheim?, Werner Brack?, Mario Brauns®, Markus Brinkmann®, Patrick Fink®,
Markus Hecker®, Sarah Johann®, Martin Krauss?, Joachim Sturve” and Henner Hollert®, (1)Evolutionary Ecology &
Environmental Toxicology, Goethe University Frankfurt, Germany, (2)Department of Effect-Directed Analysis, Helmholtz
Centre for Environmental Research (UFZ), Germany, (3)Department of River Ecology, Helmholtz Centre for Environmental
Research (UFZ), Germany, (4)Toxicology Centre, University of Saskatchewan, Canada, (5)Toxicology Centre and School of
the Environment and Sustainability, University of Saskatchewan, Canada, (6)Evolutionary ecology and environmental
toxicology, Goethe University Frankfurt, Germany, (7)Biological and Environmental Sciences, University of Gothenburg,
Sweden

Water pollution has emerged as a global problem due to the continually growing number and quantity of chemicals used by
society. Key sources of pollutants to aquatic ecosystems are point sources such as wastewater treatment plants (WWTPs), as
well as diffuse sources such as runoff from urban areas and agriculture. The resulting exposure to complex pollutant mixtures
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have the potential to induce significant ecological effects, which are often not well understood. In situ studies, considering
realistic environmental exposure, are required to better characterize these ecological effects. This study aimed to investigate
impacts of multiple chemical stressors on feral brown trout (Salmo trutta) by comparing biomarker response patterns of locally
adapted and translocated individuals along the Holtemme River, Germany. While the upper reaches of the river are relatively
unimpacted representing natural conditions, downstream areas are subjected to cumulative human impacts, accompanied by
increased levels of chemical pollution. In brief, five groups of brown trout were exposed for 21 days at three sites along the
river. Respectively, one fish group was caught and caged at all three sites (reference, urban and downstream of a WWTP) and
represent the locally adapted fish. For translocation experiments, two additional groups were caught at the reference site and
translocated to the anthropogenically impacted downstream sites (urban and downstream of the WWTP). For a better
understanding of exposure impacts, multiple biomarkers in kidney were examined due to its role in excretion and
metabolization of pollutants. The measured biomarkers are indicative for xenobiotic metabolism (glutathione S-transferase,
benzyloxy-4-trifluoromethylcoumarin-O-debenzyloxylase and ethoxyresorufin-O-deethylase) and oxidative stress (glutathione
reductase and catalase). Preliminary results indicated stronger alteration of enzyme activities in translocated fish compared to
locally adapted. In contrast to locally adapted individuals, translocated fish experienced elevated levels of stress due to a
changed environment. After molecular sex determination, only marginal differences in the effects between sexes were
identified. At the location downstream of the WWTP, female fish exhibited increased enzyme activities, which may well be
explained by sex-related variations in sensitivity to pollutants discharged from the WWTP.

1.01.PC Advancing the Use of Effect-Based Approaches for Water Quality Assessment
1.02 Alternatives to Animal Testing for Ecotoxicity Assessments: Exploring Approaches and Avenues for the Future

1.02.T-01 Importance of internal concentrations and toxicokinetics to classify modes of action of organic chemicals in
the zebrafish embryo (Danio rerio)

Nico Grasse?, Riccardo Massei, Dr?, Bettina Seiwert?, Beate Escher?, Stefan Scholz®, Thorsten Reemtsma® and Qiuguo Fu®,
(1)Helmholtz Centre for Environmental Research (UFZ), Germany, (2)University of Antwerp, Belgium, (3)Department of
Analytical Chemistry, Helmholtz Centre for Environmental Research (UFZ), Germany, (4)Department of Cell Toxicology,
Helmholtz Centre for Environmental Research (UFZ), Germany, (5)Chemicals in the Environment Research Section,
Helmholtz Centre for Environmental Research (UFZ), Germany, (6)Swiss Federal Institute of Aquatic Science and Technology
(Eawag), Switzerland

There is a pressing demand to use new approach methodologies and powerful computational modeling approaches for
chemical risk assessment. Environmental risk assessment at present is typically based on chemical exposure in water. Aqueous
concentrations are only a proxy for the internal concentrations of a compound in the organism, which are the biologically
effective doses and vital to know to interpret the toxic effects. There are various approaches available that predict the steady-
state uptake of chemicals into the organisms and bioconcentration factors based on the physicochemical properties of the test
compound. The zebrafish embryo (Danio rerio) has widely investigated to establish such predictive models and understand the
mechanistic basis of the toxic effects of chemicals. However, these approaches are not the perfect predictors for internal
concentrations as they do not consider specific toxicokinetic processes, e.g., biotransformation and active transport, which can
substantially affect the bioconcentration of certain chemicals. Additionally, experimental internal concentration data are rare
and most of them are only based on predicted bioconcentration factors and physicochemical properties of the chemical.
Therefore, we measured steady-state concentrations of 61 polar and non-polar compounds by determining their internal
concentrations in the ZFE after 96 hours of exposure at one sublethal exposure concentration and compared them to a mass-
balance model (MBM). We found a close relationship with measured concentrations typically in the 1:1 range for 82 % of the
study compounds. We identified 11 of 61 chemicals showing a significantly lower internal concentration than predicted. For
some of these chemicals, various transformation products could be identified via UPLC-HRMS and their relative contribution
to the total internal concentration indicates a significant transformation of the parental compound. In case of 7 of the 11
substances with internal concentration deviating from the model, biotransformation and/or specific transport had an influence
on the classification of the specificity of the respective chemical, as this caused the membrane concentration to decline below
the baseline toxicity range. This highlights the importance of toxicokinetics on the correct assessment of the specificity of the
observed effect caused by a chemical.

1.02.T-02 Establishing a 24-Hour, Microplate-Based, Transcriptomics Assay for Rainbow Trout Embryos

Emily Boulanger, Hugo Marchand, Aylish Marshall, Krittika Mittal, Jessica Head and Niladri Basu, McGill University,
Canada

There is interest in the development of early-life stage (ELS) tests with fish embryo models that are high-throughput and can
generate transcriptomics point of departure (tPOD) values. The objective of this study was to establish a high-throughput
toxicity test for larval fish that could simultaneously generate tPOD values, and basic mortality data. We based our pilot
method on recent efforts by U.S. EPA researchers to establish a larval fathead minnow high throughput transcriptomics assay.
Briefly, rainbow trout alevins (1-2 day post-hatch) were placed in individual wells (24-well plates) and exposed for 24 hr to 12
different concentrations of OECD 249 test chemicals (and other chemicals of interest), including a negative control (fish water
or 0.5% DMSO) for 24 hours. Test concentrations were based on a tapered design which included an LC50 push zone (10- and
100-fold higher than estimated LC50 from the U.S. EPA EcoTox database), transcriptomics point of departure (tPOD) zone
(six concentrations below the LC50 range on a half log10 basis), and baseline zone (10- and 100-fold lower concentrations).
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Using this design, the exposure for 3,4-dichloroaniline was: 1000, 320, 100, 32, 10, 3.2, 1, 0.32, 0.1, 0.032 and 0.01 mg/L
(covering 7 orders of magnitudes). Presently, we have tested 25 distinct chemicals using this design. LC50 values have been
generated for 3,4-dichloroaniline (58.5 mg/L), copper sulfate (0.3-0.8 mg/L), glyphosate (150 mg/L), malathion (0.6 mg/L),
acetaldehyde (41.2 mg/L), 4-fluoroaniline (243 mg/L), ethanol (18.2 g/L), 6-PPD quinone (5.6 ug/L), aniline (1026 mg/L),
pentachlorophenol (0.6 mg/L), lindane (3.4 mg/L), 4,6-dinitro-o-cresol (0.3 mg/L), dimethyl sulfoxide (6.5%), caffeine (153.2
mg/l), sodium dodecyl sulfate (14.5 mg/L), methylmercury (0.5 mg/L), ethinylestradiol (>100 ng/L), thiamethoxam (>300
mg/L), permethrin (>3 mg/L), allyl alcohol (>30 mg/L), dibutyl phthalate (>300 mg/L), metformin (>10000 mg/L) and
guanylurea (>5000 mg/L); preliminary LC50 values are provided in parentheses. Repeated studies of copper sulfate yielded
consistent LC50 values. Work is underway to produce transcriptomics data for these samples using EcoToxChips and
UPXome, with the goal to be able to derive tPODs. Coupling all of this together, these results will provide a foundation
towards establishing a novel testing platform for chemical and environmental risk assessment.

1.02.T-03 Using Endpoint Response Patterns to Aid Interpretation, Support Read-Across and Reduce Testing with the
Amphibian Metamorphosis Assay

Daniel Bruce Pickford?, Marysia Tobor-Kaplon?, Pelagia Xirogiannopoulou® and Tara Miller?, (1)Product Safety, Syngenta
Group, United Kingdom, (2)Product Safety, Syngenta Group, Netherlands, (3)Product Safety, Syngenta Group, Greece
Read-across is regarded as a strategy to reduce animal testing for chemical safety assessment. The OECD Conceptual
framework (CF) for screening and testing of endocrine disruptors (EDs) includes read-across as relevant non-test information
that may be available at Level 1. The amphibian metamorphosis assay (AMA; OECD 231) is a short-term in vivo assay (CF
Level 3) that is recommended in the ECHA-EFSA Guidance for the identification of EDs as necessary/adequate to demonstrate
the absence of thyroid-mediated endocrine activity. However, in the EU context, with hazard-based cut-off criteria for EDs, the
very conservative decision logic of this assay carries to significant regulatory consequences. Small changes in hind limb length
at only one time point are sufficient to warrant a positive result, which may lead to unnecessary animal use through higher tier
testing. We have taken a holistic approach to interpret AMA studies by looking at endpoint response patterns and applying this
to an anonymised dataset comprising publicly available AMA data conducted for the US EPA EDSP, OECD validation assays,
and proprietary data on plant protection active ingredients. We categorised endpoints as informing on: (i) overt toxicity, (ii)
growth or (iii) development. A total of 94 independent studies were encoded for agonist-type or antagonist-type responses.
Responses to the thyroid hormone agonist tetraiodothyronine and perchlorate (competitive inhibitor of the sodium-iodide
symporter) were regarded as model pro-thyroidal. Anti-thyroid substances and remaining substances were sorted according to
similarity of response patterns across growth and development parameters. This dataset was then interrogated for phenotypic
patterns associated with indication, structural class, or known toxicological mode of action. Our findings indicate that very few
plant protection actives exhibit response patterns comparable to known thyroid axis disrupters and for several classes, patterns
indicative of systemic toxicity (inhibited growth and development, no compensatory changes in thyroid histopathology) are
clearly apparent. This approach offers the potential for preliminary assessment of active substances through read-across to
inform choices on data generation supporting evaluation of thyroid-mediated activity in non-target organisms. In turn this may
support greater use of in vitro or other non-animal testing approaches, with consequent reductions in animal use.

1.02.T-04 An In Vitro Disposition Model for the Fish Cell Assay According to OECD Test Guideline 249

Jo Nyffeler! and Beate Escher?, (1)Department of Bioanalytical Ecotoxicology, Helmholtz Centre for Environmental Research
(UFZ2), Germany, (2)Department of Cell Toxicology, Helmholtz Centre for Environmental Research (UFZ), Germany

OECD TG249 describes a cytotoxicity assay with the rainbow trout gill cell line, RTgill-W1, as an in vitro alternative for the
acute fish toxicity test. The cell assay was found to be a good predictor for in vivo toxicity, if the measured chemical
concentration is considered instead of the nominal concentration. Binding of the chemical to the well plate, to medium and to
cell components reduce the bioavailable concentration and hence the apparent sensitivity of the assay. To this day,
measurement of the free chemical concentration is lower in throughput than the toxicity measurement itself. Hence, the in vitro
disposition of chemicals is often predicted. Most in vitro disposition models have been developed for assays with human cells,
which are typically cultured in medium containing 5-10% fetal bovine serum (FBS). The FBS acts as “buffer” and keeps the
freely dissolved concentration in the medium fairly stable, when chemicals are taken up into cells and the plastic of the plates.
In contrast, in TG249, the cells are exposed to the chemicals in a minimal medium without FBS, which leads to a depletion of
the freely dissolved concentration. Therefore, we conceived a novel in vitro disposition model suitable for lean cell culture
media.

To describe the in vitro disposition, a kinetic mass balance model was implemented as a nested model consisting of three
compartments: medium, cells and plastic. Cells consist of three subcompartments (water, proteins, lipids), which are
considered in instantaneous equilibrium. The initial adsorption to the plastic is fast but the internal diffusion is very slow and
hence the overall loss to plastic is time-dependent and was implemented as a kinetic process. Uptake kinetics into cells was
assumed to be similar as for human cell lines and was described by a first-order kinetics one-compartment model.

The model is provided as an Excel spreadsheet and as an R script. We applied it to predict the in vitro disposition of 199
neutral and ionized organic chemicals (-3 < logKow < 7) tested in the RTgill-W1 assay. We predicted that for 72% of
chemicals, the free concentration was >30% of the nominal concentration. For more hydrophobic chemicals, the free
concentration was up to 1000 times lower. This indicates the importance of adjusting for in vitro disposition, as for those
chemicals the in vivo effect concentration would be predicted 1000x too high, leading to a less protective effect concentration.
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1.02.P Alternatives to Animal Testing for Ecotoxicity Assessments: Exploring Approaches and Avenues for the Future

1.02.P-M0001 Single and Combined Effects of Sertraline and Polyhydroxybutyrate Nanoplastics to Amphibians: An In
Vitro and In Vivo Approach

Marcio Barreto®, Miguel Oliveira? and Isabel Lopes?, (1)University of Aveiro, Portugal, (2)University of Aveiro & Centre for
Environmental and Marine Studies (CESAM), Portugal

Plastic pollution is a major factor impacting wildlife, with amphibians being a especially vulnerable group. Nanoplastics (NPs)
gain relevance due to their widespread and particular characteristics, including large surface area and reactivity.
Polyhydroxybutyrate (PHB) emerges as a bio-based plastic, however, the understanding of its environmental impact,
particularly regarding its nanosized particles, remains limited. Sertraline, one of the most consumed antidepressants, is
expected to be present in the aquatic environment due to patient excretion, inefficient wastewater treatment, and improper
disposal. The objectives of this work were to assess the effects of PHB nanoplastics and sertraline, in single and combined
exposure, towards two aquatic early life stages of the model organism Xenopus laevis. Additionally, in vitro assays were
conducted to understand the suitability of two cell lines as non-animal alternatives. To attain these objectives, both embryos
and tadpoles of X. laevis were exposed for 96-h to increasing concentrations of sertraline and PHB-NPs, as well as combined
(only for tadpoles) exposures, where the endpoints assessed were mortality, occurrence of malformations, heart rate and
growth (body length and body weight, the later endpoint only for tadpoles). On the other hand, 72-h cytotoxic assays were
conducted with two cell lines derived from X. laevis (A6 and XTC-2), where the cell viability was assessed through the MTT
and resazurin viability assays Our results suggested high tadpole sensitivity to sertraline (96-h LCso: 0.45 mg L), compared to
embryos (96-h LCso: 2.58 mg L), while concentrations of PHB-NPs between 0.01 and 100 pg L did not show statistically
differences in the monitored endpoints. Furthermore, A6 and XTC-2 cell lines were less sensitive to sertraline with 72-h LCs
of 5.05 and 3.78 mg L, respectively, while the opposite was observed for the PHB-NPs. On in vitro assays PHB-NPs and
sertraline co-exposure showed both examples of antagonism and synergism were observed. Our results suggest cell lines,
though not being more sensitive than tadpoles and embryos to sertraline, seemed to be good alternatives for animal testing,
promoting fast and reliable preliminary assays, and allow a more precise selection of concentration ranges to be tested at later
phases of environmental risk assessment, consequently reducing the number of organisms used in animal testing.

1.02.P-M0002 Screening Chemicals Using High-Throughput Phenotypic Profiling (HTPP) in Two Zebrafish Cell Lines
Felix Harris?, Clinton Willis?, Bruno Campos?, Geoffrey Hodges®, Sophie Cable?, Alistair Middleton®, Amanda Jurgelewicz*,
Richard Judson? and Joshua Austell Harrill?, (1)ORISE Participant at U.S. Environmental Protection Agency, (2)U.S.
Environmental Protection Agency (US EPA), (3)Unilever - Safety and Environmental Assurance Centre (SEAC), United
Kingdom, (4)ORISE Participant at the U.S. Environmental Protection Agency

High-throughput phenotypic profiling (HTPP) combines Cell Painting, where chemically treated cells are labeled with
fluorescent probes to quantify changes in cell morphology, alongside a propidium iodide (PI)-based cell viability assay used to
identify cell cytotoxicity. One of the goals of ongoing HTPP work is to expand the range of cell lines tested to encompass a
wide array of target organs and origin species. The current study applied HTPP to two previously untested zebrafish cell lines:
one from adult liver (ZFL) and one an embryonic fibroblast (ZEM2S). Two individual chemical sets were tested in 8-point
half-logarithmic concentration-response format. The first, was a set of 23 reference chemicals known to cause morphological
changes in a variety of cell types, and the second consisted of 42 chemicals covering a diverse range of uses such as drugs,
industrial chemicals, and chemicals used in foods/consumer products. DMSO-solubilized chemicals were dispensed onto cells
plated in 384-well format, and sampled after a 24-hour exposure. Treatments defined as cytotoxic by the cell viability assay
were excluded from subsequent analyses. Cell Painting data were analyzed using pipelines designed to normalize data to
vehicle control and dimensionally reduce data by calculating Mahalanobis distances across all features, as well as within
individual categories of features. Curve fitting was performed across global, category, and individual feature level. A
phenotype altering concentration (PAC) was determined as the minimum benchmark concentration between global and
category-level endpoints. Active chemicals were defined as those having a PAC value below the highest tested concentration.
Most of the 23 reference chemicals were active in both cell lines: 19 for ZFL, 17 for ZEM2S. Of the 42 chemicals in the larger
test set, approximately half were active: 24 in ZFL, 21 in ZEM2S, with an overlap of 17 chemicals. We have previously
demonstrated that HTPP is an efficient and informative approach for bioactivity screening of environmental chemicals in
human-derived cell models. Here we have adapted the HTPP approach to cell types from zebrafish, a vertebrate, non-human
model organism widely used in toxicology as a step to increasing the species diversity of this NAM tool. These data are
foundational for future HTPP screens across cell types and model organisms. This abstract does not reflect USEPA policy.

1.02.P-M0003 Ecdysone Receptor Agonism Adverse Outcome Pathway Validation for Insect-Specific In Vitro Assay
Development

Rebeka Darmati?, Paul Carmichael?, Bruno Campos® and Nico van den Brink®, (1)Division of Toxicology, Wageningen
University & Research (WUR), Netherlands, (2)Unilever, United Kingdom, (3)Unilever - Safety and Environmental Assurance
Centre (SEAC), United Kingdom, (4)Wageningen University & Research (WUR), Netherlands

With the growing population, competitive economy and climate change, the assessment of Environmental Risks is essential for
handling the pressure of a high variety of chemicals entering the environment. Historically, Environmental Risk Assessment
(ERA) protocols were limited to testing a small number of endpoints on mostly in vivo exposures of a small number of
“representative” model species as a proxy to the entire ecosystem. To address obvious shortcomings of these approaches and to
address a changing regulatory and ethical landscape towards reducing or eliminating animal testing, New Approach
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Methodologies (NAMS) represent a shift towards a more mechanistic ERA, including the use of Adverse Outcome Pathway
(AOP). This approach is operationalised predominantly by in silico and in vitro testing assays. For such mechanistic-based
ERA, the development, evaluation and qualification/ validation of in vitro assays is imperative, representing critical steps in
advancing environmentally sound and effective risk assessment.

The aim of this project is to provide empirical evidence of an assay based on Ecdysone Receptor Agonism AOP towards
establishing an in vitro cell-based assay. Ecdysone, an insect hormone, is released in pulses that trigger developmental
transitions by initiating a cascade that begins with binding to the Ecdysone receptor. According to the proposed AOP, the
ecdysone levels in the organism are reduced at a specific moment, which allows later genes in the moulting cascade to be
expressed, enabling the organism to complete the moulting process. This is a highly conserved pathway across arthropod
species, therefore, chemicals with the ability to interfere with Ecdysone receptor can cause incomplete moulting and
subsequent mortality. Using Drosophila melanogaster and its embryonic (S2) cell line as a model system, we aim to
characterise and quantify the molecular and cellular event cascades underlining Ecdysone receptor mediated toxicity in
invertebrates and explore the applicability of the S2 cell line as an in vitro assay. Preliminary results show that upon exposure
to ecdysone, S2 cells respond in a similar way as the initial steps of the moulting cascade that is only completed once ecdysone
is removed from the system as is seen in vivo.

If successful this approach could be deployed for other relevant pathways and endpoints to ensure a robust environmental
protection without the reliance on further generation of invertebrate data.

1.02.P-Mo0004 Predicting Acute Fish Toxicity with the RTgill-W1 Assay (OECD TG 249): Putting it into Regulatory
Practice

Karen Jenner?, Georg Kreutzer?, Heike Laue?, Andreas Natsch?, Gordon Sanders® and Shojiro Yamada®, (1)Givaudan UK
Ltd, United Kingdom, (2)Givaudan Suisse SA, Switzerland, (3)Givaudan International SA, Switzerland, (4)Givaudan Japan
KK, Japan

Determination of acute fish toxicity is a key regulatory endpoint for environmental hazard assessment globally. The Fish Gill
Cell Line (RTgill-W1) cytotoxicity assay provides a non-animal alternative that has been validated and adopted as an OECD
Test Guideline (TG 249). However, adoption of an OECD TG does not equate to regulatory acceptance. As highlighted in the
recent ECHA NAM workshop report, gaining regulatory acceptance relies on demonstrating the use of, increasing confidence
in, and understanding the limitations of New Approach Methodologies (NAMs). Adaptation of regulatory frameworks was also
recognised as being crucial. Encouragingly, the draft REACH revision includes a proposal to replace short-term fish toxicity
testing with the RTgill-W1 assay (TG 249) or the fish embryo test (TG 236).

We previously demonstrated the applicability of the RTgill-W1 assay to fragrance chemicals covering a broad range of
physicochemical properties and diverse chemistries. From this study, we developed a regression equation translating the in
vitro ECsp to the in vivo LCso. According to TG 249, the lowest ECso based on geometric mean measured concentrations
among three cell viability endpoints is used as a direct estimate of the predicted LCso. Here, we compare the two approaches
for the fragrance chemicals of the previous study and 10 additional chemicals. Both approaches can predict LCso values
accurately, yet the regression approach is more conservative.

We will also present a number of case studies, demonstrating our use of the RTgill-W1 assay in regulatory applications. This
includes REACH registrations; not only > 10tpa substances but also, in anticipation of the REACH revision for increased
information requirements for low tonnage substances, a number of Annex VII substances. The applicability to complex
mixtures is explored as is the use of the TG 249 assay as a standalone assessment or in combination with QSAR and/or to
support read-across.

Only mutual acceptance of the results by regulatory bodies around the globe guarantees that no animal tests need to be
conducted. Thus, we will present one case study submitted to the Japanese authorities where we used the RTgill-W1 assay
supported by QSAR (ECOSAR, KATE) to demonstrate that the primary metabolite observed in the ready biodegradability
study was less toxic than the parent. On this basis we proposed to waive the acute fish toxicity test of the metabolite in order to
avoid unnecessary animal testing.

1.02.P-Mo0005 Breaking the silos: Towards a holistic approach of animal-free human and environmental health safety
assessments of cosmetics

Amelie Ott!, Ryan Heisler?, David Allen®, Arnaud Boivin®, Maria Baltazar®, Bruno Campos®, Christopher Choi’, Carol
Courage®, lain Davies®, Nazanin Golbamaki“, Juliet Hodges®°, Abdulkarim Najjart!, Véronique Poulsen*, Gladys Ouedraogo®,
Andreas Schepky*! and Harald Streicher??, (1)International Collaboration on Cosmetics Safety (ICCS), New York, United
States, (2)International Collaboration on Cosmetics Safety (ICCS), (3)Integrated Laboratory Systems, Inc., (4)L'Oréal,
France, (5)Unilever, (6)Unilever - Safety and Environmental Assurance Centre (SEAC), United Kingdom, (7)Takasago,
(8)Croda, (9)PCPC (Personal Care Products Council), (10)Safety & Environmental Assurance Centre, Unilever, United
Kingdom, (11)Beiersdorf, Germany

Historically, human and environmental health safety assessments have operated as distinct entities, often in silos. The need to
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move away from animal testing for chemical safety purposes stresses the importance to identify key strengths and share
learnings from each domain while highlighting intricacies and opportunities towards a holistic animal-free safety assessment.

Human health safety assessments already utilize many animal-free methods within frameworks for several endpoints. This is
particularly the case for the cosmetics sector with its long-standing move away from animal testing and the complete EU
animal testing ban by 2013. Here, exposure led next-generation risk assessment (NGRA) frameworks are being proposed to
demonstrate an absence of human health effects for cosmetics without using animals.

To eliminate animal testing for environmental safety, both animal-free methods to understand effects (e.g. aquatic toxicity) and
refined exposure (including fate) methodologies are needed. However, in comparison to human health, only few animal-free
approaches exist and there is simultaneously, less funding and expertise available, hindering rapid evolvements. However, the
possibility of using invertebrate models to generate environmental safety data can be of benefit also for human health, as a
proxy for fully functioning organisms.

While acknowledging differences, such as protection goals, a holistic animal-free approach could build on:

Understanding biological relevance such as conserved targets, pathways and traits driving species sensitivities;
Leveraging advancements in technologies such as microphysiological and high-throughput screening methods;
Tackling regulatory needs such as internal exposure concentrations and endocrine disruption;

Fostering collaborations among stakeholders including regulatory bodies, validation organizations, industry and test
method developers;

Discussing regulatory frameworks to ensure alignment between human and environmental safety assessments where
appropriate;

Demonstrating the utility of animal-free methods via case studies.

vV V VVVYV

This poster will present a thought-starter from the International Collaboration on Cosmetics Safety (ICCS) to actively engage
with SETAC on how to foster collaborations across human and environmental health domains, revolutionizing the way we
understand potential impacts of chemicals without using animals.

1.02.P-Mo0006 Lessons learnt from XETA OECD TG248 for implementation of NAMs in regulatory assessment of
endocrine activity.

David Du Pasquier, Andrew Tindall and Gregory F. Lemkine, Watchfrog S.A., France

In 2019, the Xenopus Eleuthero-embryo Thyroid Assay (XETA, OECD TG 248), marked a significant milestone as the first
eleuthero-embryo method validated by the OECD for assessing thyroid activity.

The XETA utilises X. laevis eleutheroembryos to detect modulation of thyroid signalling by thyroid active chemicals. The
assay is transcription-based and uses a transgenic tadpole line expressing Green Fluorescent Protein (GFP) under the control of
a promoter regulated by TH. As an “alternative method”, the XETA is considered as a new approach methodology (NAM).
NAMs encompass methods that predict effects by identifying molecular, cellular, and tissue changes, aiming to reduce the use
of animals.

An important step for the application of the TG248 was the publication of an annex to the “Guidance for the identification of
endocrine disruptors in the context of EU regulations” describing how to include the XETA in the assessment strategy of the
ECHA/EFSA Guidance.

This is of great interest considering the implementation of NAMs as it followed a mechanistic approach for a comprehensive
coverage of the targets of endocrine mechanism. Following this guidance, when no thyroid mediated adversity was observed in
mammals and the XETA is negative then “the endocrine activity for the T-modality for non-target organisms other than
mammals is considered sufficiently investigated and the Endocrine Disruptor criteria are not met.”

Since the XETA was implemented 99 active ingredients were evaluated for the T modality by the authorities. Ten were eligible
for replacing the AMA by a XETA.. Considering that a typical AMA requires 452 animals, we could estimate that the
implementation of the XETA as defined by ECHA and EFSA guidance saved 4520 animals. The actual number of biocides
and pesticides requiring an evaluation for ED properties is estimated to 475 pesticides and 297 biocides, resulting in a total of
396 264 amphibians required to perform AMASs for the T modality. If we estimate that 10% of the AMAs will be replaced by a
XETA, this will avoid the use of approximately 40 000 amphibians.

Combining eleuthero-embryos with data from in vitro single mechanism assays could provide comprehensive coverage of the
targeted modes of actions along the endocrine signalling pathway. In particular, this would speed up the process of endocrine
assessment of large numbers of chemicals/cosmetic ingredients which would more rapidly protect wildlife from endocrine
active chemicals.
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1.02.P-M0007 Advancing Thyroid Hormone Disruption Assessment: Integration of Adverse Outcome Pathway
Network and Cross-Species Relevance of In Vitro Bioassays

Jiri Novak, Puja Kumari, Runze Liu, Veronika Janeckova, Tereza Nesporova and Klara Hilscherova, RECETOX, Masaryk
University, Czech Republic

The applicability of data derived from alternative in vitro bioassays in risk assessment is often hindered by the inherent over-
simplicity of these assays. Nevertheless, significant improvements in the applicability can be achieved through the
incorporation of the Adverse Outcome Pathway (AOP) concept. This concept establishes a link between molecular initiating
events (MIEs), assessed in vitro, and adverse outcomes (AO) at the individual or population level. The EU H2020 ERGO
project adopts the AOP framework to develop a battery of in vitro bioassays for screening chemicals with potential endocrine-
disrupting properties on the highly conserved thyroid hormone (TH) system, facilitating the acquisition of cross-species
relevant data. A cross-species AOP network for TH disruption is under development, providing a basis for prioritizing MIEs
within the bioassay battery.

We have established and optimized a battery of bioassays focusing on prioritized endpoints related to thyroid hormone
disruption. The cross-species relevance of selected MIEs is supported by comparing the primary structure of target proteins
across animals using the Sequence Alignment to Predict Across Species Susceptibility (SegAPASS) online tool from the US
EPA. Bioassays assessing the effect of thyroid-disrupting chemicals (TDCs) on iodide uptake by thyroid cells, mediated by the
Na+/I— symporter (NIS), utilize a stably transfected human cell line overexpressing NIS and a rat thyroid cell model. lodide
uptake levels are detected spectrophotometrically using Sandell-Kolthoff reaction (SK). Transport of TH is evaluated by
fluorometric assessment of TH displacement from its plasma transporter, transthyretin (TTR), by TDCs. TH metabolization is
addressed using a cell model overexpressing deiodinase (D103), which is a key factor in maintaining controlled levels of TH
during the developmental processes. The DIO3 inhibition by TDCs was detected using SK. These assays, tailored for screening
prioritized chemicals, showcase the utility of the newly developed bioassay battery for high-throughput screening of chemicals.
The results enable the characterization of their thyroid hormone-disrupting potential and identification of the most relevant
MIEs. Based on SegAPASS analysis, data from the established human cell-based bioassays are deemed relevant to most
vertebrate species. The project has received funding from the EU H2020 research and innovation programme under grant
agreement No. 825753

1.02.P-M0008 Frequency of Malformations in Zebrafish Embryos Exposed to Metals

Alma Sobrino-Figueroa® and Sergio Alvarez-Hernandez?, (1)Hydrobiology, Universidad Autonoma Metropolitana
Iztapalapa, Mexico, (2)Hidrobiology, Universidad Autonoma Metropolitana Iztapalapa, Mexico

The zebrafish Danio rerio has been proposed as a test organism to evaluate the effects of chemical compounds. Embryos of
this species are currently used, because their response is comparable to that of adult fish. In Mexico, the use of zebrafish is not
stipulated in current legislation, despite being a useful alternative to replace fish bioassays. The objective of this study was to
determine the toxic effect of 10 metals, that have been detected in concentrations greater than 50 mig/L in systems in the
Valley of Mexico, to determine their sensitivity and propose their use in monitoring studies. Initially, bioassays were carried
out lasting 24 hours, seven metal concentrations were tested in triplicate (0.01, 0.1, 1.0, 5, 10, 20 and 40 ppm) for Cd, Cr, Cu,
Hg, Pb and 6.25, 12.5, 25, 50 and 100 ppm for As, Mn, Ni, V and Zn. The LCs was determined after 48 hours of exposure
using the Probit method. Subsequently, another test was carried out lasting 72 hours with 2 sublethal concentrations (LC, and
LC1o), where the frequency of embryos with malformations was determined. The toxicity of the metals based on the LCso was
(from highest to lowest toxicity): Hg > Cu > Pb > Cr > Cd > As > V > Ni > Mn > Zn. Deformed larvae were obtained in
concentrations between 0.003 and 49.08 mg/L of metal. The highest frequencies of deformed embryos were recorded in the
tests with Cr and Pb. Tests with embryos evaluating the frequency of malformations are a quick and economical option for
carrying out biomonitoring studies.

1.02.P-M0009 Assessing the Applicability Domain of Fish Embryo Acute Toxicity (FET) Test as Alternatives of Fish
Acute Toxicity Test, Utilizing Time-to-death Data in FET Test

Riping Huang?, Takahiro Yamagishi?, Haruna Watanabe?, Koichi Ohno! and Hiroshi Yamamoto?, (1)National Institute for
Environmental Studies (NIES), Japan, (2)Health and Environmental Risk Division, National Institute for Environmental
Studies (NIES), Japan

Acute fish toxicity data is globally utilized for chemical risk assessment purposes in compliance with various regulatory
frameworks. However, concerns have been raised regarding the unnecessary suffering and significant fish fatalities resulting
from this test, as it involves exposing fish to high concentrations of a test chemical to induce mortality. The fish embryo acute
toxicity test (FET; OECD TG 236) has been emerged as a potential alternative test method to the acute fish toxicity test
(OECD TG 203), as it is considered a non-protected life stage under certain animal welfare regulations. Although it has been
reported that many chemicals exhibit a generally similar toxicity value between the two test methods, there are cases that
discrepancies are observed in toxicity values between the two test methods. Therefore, adopting FET test as an alternative
method for the fish acute toxicity testing presents challenges, primarily due to the uncertainty surrounding its applicability
domain.

In this study, we aimed to define the applicability domain of the FET test as an alternative method through a novel approach
that involves categorizing test chemicals based on time-to-death data obtained in the FET test. The FET test encompasses both
the embryo and eleutheroembryo stages, effectively bridging the gap between cell-based assays and whole fish testing.
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Therefore, we hypothesized that narcotic chemicals were expected to cause death at the early developmental stage within two
days of fertilization, while chemicals acting via a specific mechanism, such as those targeting specific tissues, were anticipated
to cause death at the eleutheroembryo stage, where ontogeny have concluded.

Our results indicate that pharmaceuticals and pesticides with specific targets exhibited later onset of lethality during testing
except for lovastatin. Meanwhile, most general chemicals, initially predicted not to have a specific target, displayed early onset
of lethality. These results indicate that time-to-death data obtained from FET testing might distinguish chemicals explained by
toxicity acting on specific targets from other toxicity such as baseline (narcotic) toxicity. Furthermore, we suggest that the
result based on this chemical categorization approach could be one of the crucial pieces of evidence to define applicability
domain of the FET test as an alternative method.

1.02.P-M0010 Development of an In vitro Marine Fish Bioassay for Characterizing Environmental Impact of Industry
Development in the Arctic

Maria T. Hultman?, Prem Chand?, You Song, PhD* and Knut Erik Tollefsen!, (1)Norwegian Institute for Water Research
(NIVA), Norway, (2)Ecotoxicology and risk assessment, Norwegian Institute for Water Research (NIVA), Norway

The ongoing changes in the Arctic, such as rising temperatures and diminishing sea ice, are likely to introduce new and/or
expansion of current industrial activities, including oil, gas, and aquaculture operations. There's a pressing need to understand
how these human activities affect the Arctic environment and wildlife, focusing on the transmission, bioaccumulation and
effects of ecologically-relevant pollutants. To address this effectively, reproducible, cost-effective and ethically, New
Approach Methodologies (NAMSs), using in vitro methods were implemented to quickly assess the toxicity of compounds of
concern. The main goal of the study is to develop and implement an in vitro testing system originating from the Arctic fish,
Atlantic Halibut (Hippoglossus hippoglossus), examining how environmentally relevant chemicals affect the liver (hepatocyte)
cells, and evaluate their use in prediction of environmental consequences. This goal will be achieved by multiple tasks: 1)
Development and optimization of primary hepatocyte cell isolation, cell characterization (morphology, physiology and
structure), culturing and exposure of Halibut to model compounds (e.g. Copper, B-Estradiol, 2,3,7,8-Tetrachlorodibenzodioxin
(TCDD)); 2) Assessing hepatocytes sensitivity and responsiveness of key indicators of toxicity such as detoxification,
hormonal disruption, and antioxidant responses; 3) Finally experimental evaluation of selected substances that are particularly
relevant to the Arctic environment. The preliminary results display that the primary hepatocytes are diverse, as they consist of
more than one cell population. The majority of cells (@12-16 um) were complex, containing large amounts of intracellular
lipid droplets, followed by a less complex, but bigger cell type (@ ~21 um), identified with a light microscopy. Upon exposure
to the model compounds copper and TCDD, an acute toxic effect was observed in both cell membrane integrity and metabolic
activity, with the latter being more susceptible. Overall, the use of in vitro methods such as halibut primary hepatocytes is a
promising proxy for in vivo testing and a potential tool in future hazard and (next generation) risk assessment of Arctic
contaminants. This work was supported by the EXPECT Project (#315969) funded by the Research Council of Norway.

1.02.P-Mo011 Are both the water and the solvent control required in fish early-life stage toxicity tests?

Christopher Fasshender, PhD?, John W. Green?, David A. Dreier?, Daniel Faber*, Lennart Weltje, Prof. Dr.5 and Gilly
Stoddart®, (1)PETA Science Consortium International e.V., Germany, (2)Ecostatistical Consulting, JohnWGreen-ecostats.com,
(3)Syngenta, (4)Environmental Safety, Bayer AG - Crop Science Division, Germany, (5)Agricultural Solutions -
Ecotoxicology, BASF SE, Germany

This project investigates whether it is possible to use a solvent control alone when a solvent is required in fish early-life stage
(FELS) toxicity studies. Use of only one control would substantially reduce the number of fish used in studies requiring a
solvent.

The project compiled a FELS toxicity test database including solvent and water controls and concentration-response data to
determine whether there are systematic differences between the water and solvent controls. For each response variable, the
distributions of control data (means, between- and within-replicate variances) for water, solvent and pooled controls were
investigated. The authors used FELS concentration-response data to investigate the impact of control choice on the NOEC and
ECi0. Using computer simulations, the authors determined the potential impact of using only the solvent control on the ECy
estimation and NOEC values. The simulations covered the observed ranges of variability and concentration-response shapes
for each type of response across three species (Fathead Minnow, Sheepshead Minnow, and Rainbow Trout). The study
explores all response variables required in FELS toxicity studies including hatching success, time to hatch, time to swim-up,
larval survival, morphological and behavioural abnormalities, fish length and fish weight at study end. Furthermore, the study
explores both the selection of statistical model and model averaging for ECy estimation.

According to the simulations, for the solvent dimethylformamide (DMF) and Fathead Minnow, use of the solvent control
maintains 80% power to detect 10% effects in length and weight and 20% effects in hatch/survival with lower false positive
rates than other control choices. The analyses of FELS concentration-response data are also presented. Altogether, there is
preliminary statistical evidence to support omitting the water control in FELS studies using a solvent.

The views, conclusions, and recommendations expressed in this presentation are those of the authors and do not necessarily
represent the policies or positions of their affiliated organisations.
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1.02.P-M0012 Fins to Future: Assessing the Role of Acute Fish Toxicity Testing in Risk Assessments of Plant Protection
Products in the EU and the US

Elena Adams?, Sarah Hartmann?, Katherine K. Coady, PhD?, Audrey Bone, PhD?, Daniel Faber?, Yvonne Wolf, Markus
Ebeling! and Eric Bruns?, (1)Bayer AG - Crop Science Division, Germany, (2)Bayer AG - Crop Science Division

Both the European Union (EU) and the United States (US) are actively pursuing initiatives to reduce the use of vertebrate
animals in toxicity testing. Under Commission Regulations (EU) No 283/2013 and No 284/2013 in the EU, and the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA) in the US, the fish acute toxicity test is required for plant protection
product (PPP) registration and ongoing authorization. With alternative non-vertebrate methods like the fish embryo toxicity
(FET — OECD TG 236) test and the rainbow trout gill cell line assay (RT gill-W1 — OECD TG 249) available, it is important to
assess the concrete value, that the fish acute toxicity test contributes to the overall environmental risk assessment.

To address this, we presented a critical review of aquatic risk assessments for EU-registered active substances (a.s.) at SETAC
Dublin in 2023. To broaden the scope and enhance the relevance of this topic, an additional analysis was conducted on the
approach employed in the US, complementing the EU risk assessment. The objective of this data review was to determine how
frequently the acute fish toxicity endpoint, as opposed to other aquatic organism toxicity endpoints, drives the risk for a.s. in
the aquatic environment across the globe.

Our evaluation covered 57 a.s. registered in the US (under Bayer ownership) and 232 a.s. registered in the EU. The findings
revealed that a minimal percentage of aquatic risk assessments was driven by the acute fish endpoint for both the US and the
EU risk assessment approach (less than 1% in the EU after refinement, and approximately 10% in the US; the US data set will
be expanded with further registered a.s.).

This evaluation suggests significant potential for minimizing vertebrate testing while still ensuring protectivity for the aquatic
environment, including fish. Moreover, alternative tools such as the FET, RT gill-W1 and in-silico tools (e.g. QSARS) can
offer additional insights into fish-specific toxicity and will be addressed in future investigations. This research underscores the
potential for conducting aquatic risk assessments for PPPs without relying on acute fish toxicity studies. In addition, this work
aims to increase regulatory acceptance of alternative tools for the registration of PPPs in the individual regions and to support
the 3Rs principle.

1.02.P-M0013 A Network for Alternative Methods for ecological safety assessment of chemicals (ecoNAM)

Adam Lillicrap® and Michelle Rau Embry?, (1)Norwegian Institute for Water Research (NIVA), Oslo, Norway, (2)Health and
Environmental Sciences Institute (HESI)

ecoNAM is a platform to facilitate international information exchange about animal alternatives for ecological safety
assessment of chemicals. Our aim is to foster cooperation between government, academia, industry, Non Governmental
Organisations, research centers and other stakeholders involved in the research, development, and application of alternative
ecological hazard and risk assessment tools and methods. ecoNAM will facilitate the exchange of knowledge, data, and
expertise to promote synergies and collaboration related to advances in ecological alternative methods on a global scale. We
are gauging interest and resources needed for such a network and will determine the next steps and a feasible path forward.
This poster describes ecoNAM and how it has development since its inception in 2023. The following critical needs, purpose
and goals of ecoONAM are identified as:

CRITICAL NEED: There are existing networks for animal alternatives focused on human health endpoints, but similar groups
do not exist for ecotoxicity testing. There is significant interest from different initiatives and organisations discussing NAMs
but in a poorly coordinated way which needs addressing. There is a need to create a global network of multi-sector partners
working to advance alternatives to ecotoxicity testing and to bridge the divide between ongoing initiatives in the human health
arena.

PURPOSE: The purpose of ecoNAM is to promote global international cooperation between government, academic, industry,
NGOs, research centers, and other stakeholders involved in research, development, and application of alternative ecological
risk assessment methods.

GOALS: ecoNAM has the following goals:

e Facilitate exchange of knowledge, data, and expertise to promote collaboration related to advances in ecoNAMSs on a
global scale.

e Strategically prioritize needs and identify resources within the ecoNAM community.

e Promote the uptake and application of ecoONAMs.

e Develop training and education materials.

The Network for Alternative Methods for ecological safety assessment of chemicals can be found at the following link
WWW.econam.org
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1.02.P-M0014 Caenorhabditis elegans Life Cycle Tests as Screening Tools to Unveil the Underlying Adverse Effects of
Chemicals in Reproduction

Fabio Campos?, Amadeu M.V.M. Soares? and Susana Loureiro®, (1)CESAM - Centre for Environmental and Marine Studies
and Department of Biology, University of Aveiro, Portugal, (2)CESAM - Department of Biology, University of Aveiro,
Portugal, (3)CESAM-Centre for Environmental and Marine Studies and Department of Biology, University of Aveiro, Portugal
Chemical substances from various sources enter wastewater treatment plants and end up in the environment. Pesticides and
pharmaceuticals are usually some of the most found chemical substance classes found in waterbodies and soil. The ubiquitous
distribution of these substances raises worldwide concern regarding their potential deleterious effects on non-target organisms
and humans. Adverse effects in reproduction output are some of the most concerning ones, where some effort is needed to
accurately pinpoint the moment or process where the disruption occurs. In order to provide some insights, Caenorhabditis
elegans figures out as an outstanding animal model to tackle this problem due to its well-known lifecycle and effectively
suitable within a One Health approach.

For this study, four chemical substances, found worldwide in waterbodies, were selected: the insecticides cypermethrin and
flupyradifurone, the herbicide MCPA, and the over-the-counter pharmaceutical diclofenac. Different life stages of C. elegans
life cycle were assessed for each substance to unravel the effects in distinct reproductive stages/processes. The
embryotoxicity/neonatal toxicity was evaluated by assessing the hatching rate of exposed C. elegans eggs; the developmental
toxicity was evaluated by exposing individuals from L1 larvae to egg-laying adults and assessing the total reared offspring; the
transgenerational effects (mother-to-progeny) were evaluated by measuring the hatching rate of unexposed eggs obtained from
exposed adults. Our results show that all substances affect the reproductive output of C. elegans by exerting effects in one or
more life stages/reproductive processes. Cypermethrin was the most toxic chemical regarding the observed developmental
effects, whereas MCPA figured out as the most toxic considering the neonatal and transgenerational effects.

The present study’s targeted approach provides supporting evidence on the unexpected reproductive effects of chemicals
unrelated to their mode-of-action. The results obtained also highlight the potential of C. elegans to fill in some gaps in the
development of Adverse Outcome Pathways contributing to a more realistic hazard prediction which can be extended to other
organisms and, ultimately, humans and animals, within the One Health approach.

1.02.P-M0015 Initiatives for the regulatory acceptance of New Approach Methodologies, how does it all connect?
Leonie Mueller?, Robert Gregory Lee Prof?, Aleksandra Cavoski®, Laura Holden* and Francois Busquet?, (1)Altertox,
Belgium, (2)Law School, University of Birmingham, United Kingdom, (3)Birmingham Law School, University of Birmingham,
United Kingdom, (4)University of Birmingham, United Kingdom

The last years were marked by a period of regulatory change, driven by important policy initiatives related to the European
Green Deal, EU Chemical Strategy for sustainability and the Pharmaceutical Strategy for Europe. In response to the 2021
Parliament Resolution to ‘Accelerate the transition to Innovation without the use of Animals in Research, Regulatory Testing
and Education’ and European Citizens’ Initiative (ECI) ‘Save Cruelty-Free Cosmetics’, the European Commission has initiated
a series of actions aimed to progress the transition to complete animal-free testing for EU chemicals legislation (e.g., REACH,
Biocidal Product Regulation, Plant Protection Products Regulation and human and veterinary medicines). In parallel, academia
and industry are driving the transition towards NAMs application through their research and development. Despite the
considerable progress in the scientific development of NAMSs, barriers to their regulatory uptake remain. These barriers have
become a subject of research themselves. Major findings from an empirical study include that next to the technical barriers that
have been described in the past and are a continuous subject to academic discussions, there are a range of social barriers that
manifest in a resistance to the technological transition. The focus on social and people-based factors distinguishes the study
from narrower scientific debate which has tended to focus on the maturity of the next generation of chemical risk assessment.
The findings highlight the nuances to the subject that need to be understood in order to determine the root cause of the
perceived delay in regulatory uptake of NAMSs. In response to the European Citizens Initiative, the EU Commission has
initiated a series of activities aimed at collating the community’s expertise by designing a roadmap on the transition to NAMS
and creating opportunities for engagement and generation of consensus. A detailed analysis of the ongoing and future
initiatives was translated into a stakeholder map that can be used to identify major stakeholder and opinion leaders’ positions.
With an increasing understanding of what the crucial next steps towards the replacement of animal testing are, what challenges
remain? How do our efforts need to be coordinated in this time of transition? Here we present an analysis of the most
important developments in EU policy and global stakeholder driven activities that should be considered moving forward.

1.02.P-M0016 Prediction of the In Vivo Acute Toxicity of Agrochemicals to Fish with the In Vitro RTgill-W1 Cell Line
Assay

Casten Lange Dr?, Gunnar Schmidt?, Lea Weinisch?, Kristin Schirmer?, Stephan Fischer*, Jennifer Fitzgerald® and Maike
Habekost!, (1)BASF SE, Germany, (2)BASF SE, Research Triangle Park, United States, (3)Environmental Toxicology, Swiss
Federal Institute of Aquatic Science and Technology (Eawag), Switzerland, (4)aQuaTox-Solutions GmbH, Switzerland,
(5)Eawag - Swiss Federal Institute of Aquatic Science and Technology, Switzerland

The RTgill-W1 cell line assay (OECD 249) provides an animal-free alternative to in vivo fish acute toxicity tests (e.g. OECD
203 & 236). Testing for acute fish toxicity is an integral part of the environmental risk assessment for chemicals in Europe and
other parts of the world. Dozens of fish are required for a single study with mortality being the primary endpoint. The studies
also require large amounts of test material and produce remarkable volumes of contaminated water. Acute fish toxicity is
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mainly driven by an exposure of the gill epithelium to dissolved chemicals. The gills constitute the primary uptake site for
water-born substances, where unspecific effects (loss of membrane integrity or metabolic activity) might occur. On a cellular
level, those adverse effects lead to death of epithelial cells and a loss of function of the gill epithelium. Affected fish suffer
from respiratory failure, ultimately leading to death.

The RTgill-W1 cell line was derived from rainbow trout (O. mykiss) gill epithelium. Cells are treated in a 24-w plate with 6
concentrations for 24 h and ECs values are generated with cell viability assays (metabolic activity, lysosomal disruption, cell
membrane integrity) and are used to predict in vivo fish toxicity.

The RTgill-W1 cell line assay has been intensively tested on chemicals with various modes of action (MoA) and a broad range
of physico-chemical properties and toxicity. However, data on plant protection products are scarce. Therefore, we conducted
the RTgill-W1 assay with a selection of 11 active substances from the agrochemical sector with different indications and MoA
over a broad concentration range (0.05 pg/L to 100 mg/L). A strong correlation between in vitro ECs values and existing in
vivo LCso values (rainbow trout, 96h) with fold-change differences below 10 were observed.

With the current dataset, we provide evidence for a strong predictivity of the RTgill-W1 assay for a set of agrochemicals that
have been underrepresented in published data. The data shows that the RTgill-W1 assay is applicable for agrochemicals with
different indications and MoA and over a broad concentration range. The results support the potential of the in vitro assay to
replace in vivo fish acute toxicity tests for agrochemicals. We also intend to raise regulatory acceptance for the use of the
RTgill-W1 assay by adding another supportive piece to a convincing accumulation of data that has been published for
chemicals from various sectors.

1.02.P-M0017 Animal-free In Vitro Assessment of Receptor-Mediated Endocrine Activity Including Phase-1
Metabolism

Inska Reichstein, Robin Mazur, Florian Jiinger, Sabrina Schiwy, Henner Hollert and Andreas Schiwy, Evolutionary ecology
and environmental toxicology, Goethe University Frankfurt, Germany

Substances interfering with the endocrine system (endocrine disruptors) are present in the environment in complex mixtures
and pose a risk to organisms and entire ecosystems, even at low concentrations. Therefore, evaluation of the endocrine activity
of environmental samples or individual substances is of central (eco-)toxicological importance.

One possibility for evaluation is the application of standardized, cell-based in vitro tests according to OECD test guidelines
455 and 458, in which estrogen and androgen receptor agonists and antagonists can be detected after the addition of the
sample. Nevertheless, these in vitro test methods have the following disadvantages: 1) Cell-based in vitro tests are conducted
with the addition of animal-derived components like fetal bovine serum (FBS) to promote cell growth. However, the
replacement of FBS in cell assays can be advantageous for scientific reasons in context of reproducibility (FBS having a high
batch-to-batch variability, interaction with test substances, microbial contamination) and animal welfare reasons. 2) In vitro
tests are usually performed with cell lines that do not fully reflect the metabolic capabilities of a whole organism. Thus, a lack
of full metabolization capacities may lead to an over- or underestimation of the endocrine effects of a sample.

In this study, the methods, according to OECD TG 455/458, should be improved by adapting two of the OECD-relevant cell
lines, ER-aCALUX® and AR-CALUX®, to animal-free culture conditions. Therefore, commercially available as well as self-
developed animal-component free cell culture media were successfully used for the cultivation of both cell lines. After
adaptation, the cell lines will be tested for their sensitivity to the respective reference substances to verify the suitability of the
adapted cells for an OECD 455/458-compliant test procedure. In addition, both assays are to be supplemented with an external
human-derived or biotechnologically produced biotransformation system (S9 homogenate) to evaluate the endocrine activity of
model substances after metabolism.

Overall, the endocrine effects without and with S9 homogenates and without or with adaptation to animal-free cell culture
conditions will then be compared to assess the assay adaptation and their (beneficial) impact on risk assessment. Thus, the
optimized test procedure might improve assay reproducibility and strengthen in vitro assays as an alternative to animal
experiments.

1.02.P-M0018 Challenges in the Application of New Approach Methodologies (NAMS) to Assess the Ecological Hazard
of Unknown, Variable, Complex and/or Biological substances (UVCBSs)

Maria Blanco-Rubio Ph.D?, Adriana C. Bejarano, PhD? and Sarah A. Hughes?, (1)Shell Global Solutions International BV,
Netherlands, (2)Shell Global Solutions

New approach methodologies (NAMSs) are increasingly being used for chemical hazards to support regulatory decision-making
without animal testing. However, information is still scarce to demonstrate the use of NAMs in the ecological assessment of
Unknown, Variable, Complex and/or Biological substances (UVCBSs). This poster will provide an overview of the challenges
in the application of NAMs to UVCBs and suggest recommendations to promote their implementation with this important
group of substances. The complex nature of UVCBSs poses technical and biological challenges in the application and regulatory
acceptance of NAMs. UVCB:s are considered difficult-to-test substances with technical implications in the experimental design
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of the in-vitro tests, including, but not limited to, the preparation of solutions, dosing, maintaining exposure concentrations,
and analytical chemistry measurements. Moreover, UVCBs are usually non-intentional mixtures of chemicals, and the
complete chemical structure or the specific molecular formula is unknown. Due to the lack of this information and the variable
composition of multi-constituents UVCBs, the use of in-silico and QSARs models, grouping-based approaches (e.g., red-
across), and the understanding of mechanisms/modes of action may be limited. Regarding biological challenges, the lack of in-
vitro tools (e.g., cell lines from different tissues and species) specific for the hazard assessment of aquatic species, questions
the biological coverage of the data. Moreover, the extrapolation from in-vitro to in-vivo but also from one species to the whole
population needs to be considered. To validate the use of NAMs and facilitate the decision-making process, the justification for
the selection of UVCB substances to build case studies needs to be clearly . Also, standard criteria and protocols for validation
need to be identified to guarantee the reproducibility, robustness, and reliability of the tools and results. Mapping roadmaps to
identify gaps, reviewing currently available data, improving current models and QSARs, developing specific UVCBs
ecotoxicological methods and tools, integrating technologies such as omics, building case studies based on weight of evidence
approaches, understanding the interpretation of the data and defining validation criteria, are key areas to promote the use of
NAMs to assess the ecological hazard of UVCBs.

1.02.P-M0019 Advancing Chronic Fish Testing: Needs and Challenges for Alternative Approaches

Julie Krzykwa?, Michelle Rau Embry?, Constance Mitchell* and Adam Lillicrap?, (1)Health and Environmental Sciences
Institute (HESI), (2)Norwegian Institute for Water Research (NIVA), Oslo, Norway

Chronic fish toxicity is a key parameter for hazard classification and environmental risk assessment of chemicals. With an
increased focus on the development and application of new approach methodologies (NAMS), there is a need to ensure that an
effective path forward includes considerations for animal reduction, refinement, and replacement (3Rs) while also focusing on
how new science can improve our ability to protect the environment from potential fish chronic effects. To address this issue,
the Health and Environmental Sciences Institute (HESI) workshop on “Alternatives to Chronic Fish Toxicity Testing” was
held in Paris, France on October 25-26, 2023, attended by 35 multi-sector scientists from 12 different countries, and a satellite
workshop was held in Louisville, Kentucky on November 12, 2023, attended by 16 multi-sector scientists from 3 different
countries. This presentation is a summary of some of the key messages representing new lines of thought regarding alternatives
to chronic fish ecotoxicity testing. Based on discussions at the workshops there was a general shift away from the concept of
one-for-one replacement and towards an integrated approach for chronic fish testing linking various approaches and lines of
evidence. In addition, there was interest in developing a menu of approaches to prioritize traditional chronic fish in vivo testing
such that it is only conducted when truly needed to fill data gaps. In discussions, attendees emphasized combining various
approaches, both in vivo and NAM-based, to address different aspects of chronic fish toxicity (including bioaccumulation and
endpoints associated with specific modes of action, e.g., endocrine) and to reduce uncertainty in risk assessments. Whole
effluent toxicity testing in North America was identified as a potential key area where implementation of NAMs could reduce
vertebrate use; however, it was decided that at this time effluent testing should be its own effort that takes learnings from the
output of the workshop. A repeated need was for a concerted effort to develop a coordinated network of individuals working
within the ecoNAM space to be established with an initial goal of mapping out ongoing method developments and data
collection efforts. Based on the discussion from the two workshops, specific topics/projects will be considered by expert work
groups for further development and investigation.

1.02.P-M0020 Importance of the positive control in the Fish Cell Line Acute Toxicity - The RTgill-W1 cell line assay
(OECD TG249)

Jennifer Fitzgerald!, Melanie Fischer?, Stephan Fischer! and Kristin Schirmer?3, (1)aQuaTox-Solutions GmbH, Switzerland,
(2)Eawag - Swiss Federal Institute of Aquatic Science and Technology, Switzerland, (3)ETHZ, Institute of Biogeochemistry
and Pollutant Dynamics, Switzerland

In 2021, the OECD Test Guideline (TG) 249 was approved as the first cell line-based assay for environmental chemical risk
assessment. As it no longer requires fish, it comprises a true animal alternative. It measures acute toxicity exerted to RTgill-
W1 cells, using three fluorescent indicator dyes to indicate cell metabolic activity (using a resazurin dye, such as alamarBlued),
cell membrane integrity (based on the esterase substrate, CFDA-AM), and lysosomal membrane integrity (using Neutral Red).
RTgill-W1 is a permanent cell line established from a rainbow trout (Oncorhynchus mykiss) gill. It was purposefully selected
for test development as the gill epithelium is considered one of the most vulnerable tissues in acute fish toxicity testing, as
performed, e.g. according to OECD TG 203. The RTgill-W1 cell line assay therefore has the potential to significantly reduce
and replace application of one of the most commonly but also most severe fish toxicity tests carried out in product
development and hazard assessment for chemical/product registration.

One key feature of the OECD TG 249 is that it contains, aside from negative controls, a prominent assay performance
(positive) control. More specifically, with each run of the assay, a full concentration-response analysis is done with a reference
chemical, 3,4-Dichloroaniline (3,4-DCA). Effective concentrations causing a 50% decline for each of the fluorescent indicator
dyes (EC50 values) are derived, which must lie within a pre-defined range as specified in the TG. We have gathered a large
and steadily growing set of 3,4-DCA control data. Based on this experience, it has become evident that this positive control is
indeed very stringent, probably the most stringent in any of the biological OECD TG. Failures usually concern the impact on
cell metabolic activity and have empirically been linked to stresses exerted on the cells, such as temperature and handling
stress. On the flip side, this means that meeting these positive control criteria provide high confidence in the cell viability data
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measured for chemicals alongside in the same run. We will present the most comprehensive data set to date and discuss the
importance of this stringent quality control.

1.02.P-M0021 Screening Naphthenic Acid Contamination in the Athabasca Oil Sands Region in Chicken LMH 3D
Spheroids

Laura Van Raalte'?, Doug Crump?, Lukas J Mundy? and Jason O'Brien?, (1)Carleton University, Canada, (2)Environment
and Climate Change Canada, Canada, (3)Ecotoxicology and Wildlife Health Division, Environment and Climate Change
Canada, Canada

Oil extraction in the Athabasca Oil Sands Region (AOSR) generates large volumes of waste, called tailings, that are stored in
mined out areas called tailings ponds. These tailings are toxic largely due to the presence of naphthenic acids (NAs) and there
is concern about seepage into the surrounding tributaries. The objective of the present study was to determine the concentration
of NAs and in vitro bioactivity of extracts derived from passive samplers deployed in tailings ponds and surrounding natural
wetlands in the AOSR. NA concentrations were determined using liquid chromatography tandem mass spectrometry. Chicken
LMH cells, cultured as 3D spheroids, were dosed with extracts and bioactivity was measured using cell viability,
ethoxyresorufin-O-deethylase (EROD), and gene expression assays. Gene expression changes were determined using the
chicken ToxChip gPCR array which contains 48 toxicologically relevant genes. Here, we present preliminary results for the
surrounding wetland area extracts. As expected, higher levels of NAs were measured in passive sampler extracts from
wetlands closer to oil sands activity compared to those further away. There were no effects on cell viability for any of the
wetland extracts; however, several genes were dysregulated on the chicken ToxChip gPCR array. The dysregulated genes were
associated with various pathways including xenobiotic metabolism, lipid homeostasis, and immune function. Next steps
include the measurement of EROD activity to evaluate CYP1A expression in the natural wetlands, followed by determining
NA concentrations and resulting bioactivity of six tailings pond extracts. Ultimately, we aim to demonstrate the use of a non-
animal screening method for environmental monitoring in an ecosystem of concern in Canada.

1.02.P-M0022 Evaluation of Positive Control Substrates for the OECD319 In Vitro Rainbow Trout Bioaccumulation
Estimation Studies

Rory Mumford?, Daniel T Evans? and Christopher Kirkman?, (1)Environmental Fate and Metabolism, Smithers, Shawbury,
Shrewsbury, United Kingdom, (2)Environmental Fate and Metabolism, Smithers, United Kingdom

The OECD 319 guidelines for the determination of in vitro intrinsic clearance using cryopreserved rainbow trout hepatocytes
(RT-HEP, OECD319A) and S9 sub-cellular fraction (RT-S9, OECD319B) were published in 2018. The studies are intended as
a means of estimating the potential for bioaccumulation of chemicals in fish without the need for an in vivo fish
bioconcentration factor (BCF) study (OECD305). They can be used in cases where it is not possible to run the BCF study, for
example, ethical reasons such as cosmetic use, to reduce animal usage or it is not technically feasible. They may also be used
to provide early screening information about bioconcentration potential or metabolism.

Since the release of the guidelines there have been discussions around the most applicable positive control substrates for the
experiments. Positive controls are used to ensure the metabolic viability of the test system used (S9 or hepatocytes). A positive
control usually should typically result in a minimum transformation of 20% with ideally 10% remaining unchanged by the
terminal time-point of the experiment. This can present a challenge in the case of particularly high or low turnover as the
positive control could be entirely transformed or remain unchanged at the end of the experiment. To validate the OECD319
study at our facility we have tested several different substrates that have the potential to be used as a convenient positive
control. These can be matched to the clearance of the chemical under investigation.

This poster presentation will summarise the results from the testing of several different potential positive control substrates for
both the RT-HEP and RT-S9 assays.

1.02.P-M0023 Application of OECD TG 249 for assessment of the toxicity of metal oxide nanomaterials

Mariia Goncharova?, David Hernandez-Moreno?, Ana Valdehita?, José M. Navas® and Maria Luisa Fernandez-Cruz?,
(1)National Institute for Agricultural and Food Research and Technology (INIA), Spain, (2)Institute for Agricultural and Food
Research and Technology, Spanish National Research Council (INIA-CSIC), Spain, (3)Department of Environment and
Agronomy, Institute for Agricultural and Food Research and Technology, Spanish National Research Council (INIA-CSIC),
Spain

The use of in vitro models to assess the toxicity of nanomaterials (NMs) is a valuable tool generating essential information that
can be used in a number of approaches, for instance for designing higher tier in vivo test or in read-across procedures. OECD
Test Guideline (TG) 249 allows the assessment of acute toxicity of chemicals in fish using the RTgill-W1 rainbow trout gill
cell line. The test is validated for a range of organic toxicants and it demonstrated a high correlation with in vivo fish acute
toxicity. However, its applicability to NMs has not yet been evaluated. This study aimed to apply this TG to NMs, using some
metal oxide NMs and comparing the results with those obtained with other fish cell line and with fish.

The following NMs were studied: CuO, 15-20 nm, (PlasmaChem); CuO, <50 nm, (Sigma-Aldrich); ZnO NM-110, 42 nm;
ZnO NM-111, 34 nm; TiO, NM-101, 6 nm; TiO, NM-104, 20 nm; and CeO, NM-212, 33 nm, (JRC repository). For obtaining
stable dispersions the Nanogenotox protocol was applied (https://safenano.re.kr/download.do?SEQ=175). First, the usefulness
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of commercial L-15 (Thermo Fisher Scientific Inc.) and L-15ex, without fetal bovine serum, were compared. Cells exposed to
3,4-Dichloroanilline (3,4-DCA) served as a positive control, whereas those maintained in L-15ex with bovine serum albumin
were the negative control. RTgill-W1 (35x10* cells/well) cells, were seeded in 24-well plates following the TG249 scheme. A
triple cytotoxicity assay (Alamar Blue, CFDA-AM and neutral red) was performed according to TG249. Potential interferences
of NMs with the cytotoxicity assays were assessed.

Compared to L-15, the L-15ex medium decreased cell viability by 7-15%, making it acceptable for this test. For TiO, and ZnO
there was a characteristic interference, which should be taken into account when interpreting the results. The ECsp values of
3,4-DCA in RTgill-W1 cells were within the limits described in the TG and compared with those obtained with RTL-W1 cells
(28x104 cells/well) that due to a decrease in sensitivity were out of limits stated in the TG. The results obtained in fish cell
lines were similar to those collected from acute toxicity studies in fish. Future studies will set the best procedures to apply
TG249 to NMs.

Acknowledgments: CSIC Program of Scientific Cooperation with Ukraine “Call 2022 and general protocol of action for the
assessment of chemicals and nanomaterials between MITECO and CSIC.

1.02.P-M0024 Towards next generation risk assessment for Environmental Health: how PARC Work Package 5 is
contributing

Celia Garcia Arenas?, Kiara Aiello Holden?, Thalia de Castelbajac?, Ondrej Adamovsky?, Katerina Kyriakopoulou®, Jana
Asselman®, Gilles Riviere? and Philip Marx-Stoelting?, (1)German Federal Institute for Risk Assessment (BfR), Germany,
(2)French Agency for Food, Environmental and Occupational Health & Safety (ANSES), France, (3)Recetox, Masaryk
University, Czech Republic, (4)Benaki Phytopathological Institute, Greece, (5)Blue Growth Research Lab, Ghent University
(UGent), Belgium

The European Partnership for the Assessment of Risks from Chemicals (PARC) is a unique concept of partnership that brings
together risk assessors, authorities and the scientific community to implement innovations in testing and chemical risk
assessment into regulation. In particular, work package 5 (WP5) “Hazard Assessment” contributes to provide data to fill gaps
in knowledge on poorly characterised contaminants and the consideration of new approaches and methods of hazard
assessment, promoting the use of innovative methods and tools and contributing to moving towards next generation risk
assessment. It also explores the improvement of mechanistic understanding of toxicity by analysing all available data and
applying systems toxicology approaches and taking into account adverse outcome pathways (AOPs) and to improve modelling
approaches such as PBK modelling.

WP5 focuses on hazard assessment for human and environmental health. For this purpose, two projects are dedicated to
environmental toxicity assessment by filling data gaps of the substances prioritised for this first period of PARC: natural toxins
and BPA alternatives. One of the projects under WP5 investigates the toxicity of naturally occurring toxins on aquatic
organisms, specifically invertebrates and microalgae, so that the data generated could be a basis to set EU guidelines to achieve
good environmental status for marine and freshwater environments. The other project focuses on the investigation of the
potential adverse effects of certain individual substances and “real-life” mixtures of BPA alternatives on non-mammalian
organisms belonging to different taxa. Moreover, the project serves as a platform for the development of new technologies,
such as in silico and modelling tools for the grouping of substances and read-across, and advancing invertebrate and vertebrate
models as new approach methodologies (NAMSs) including e.g., (meta)genomic, transcriptomic, high-content analysis
microscopy, high-resolution mass spectrometry, and human stem cell technology to assess (eco)toxicological endpoints such as
non-genotoxic carcinogenicity, (developmental) neurotoxicity, immunotoxicity and endocrine disruption (ED), specifically
thyroid hormone system disruption and metabolic endocrine disruption.

It is our aim to disseminate WP5 work in order to invite dialogue between the scientific community and regulators, promoting
the integration of results into policy.

1.02.P-M0025 What is the most sensitive cellular scale bioassay to multiple chemicals with different mode of action?
Yan Wang?, Johan Lundqvist? and Nina Cedergreen?, (1)Plant and Environmental Sciences, University of Copenhagen,
Denmark, (2)Biomedicine and Veterinary Public Health, Swedish University of Agricultural Sciences (SLU), Sweden

In vivo and in vitro tests with unicellular organisms and cell lines show promise for evaluating diverse chemicals in cellular-
scale systems. While ideal for high-throughput screening in effect-directed analysis, uncertainties persist regarding the
sensitivity and selectivity of cellular-scale assays across classical in vivo and in vitro tests for identifying specific chemical
classes based on their mode of action. To identify the optimal cell-based assay for sensitivity, we assessed three unicellular
organisms from different kingdoms (plant, fungi, and bacterial) in vivo, alongside five in vitro cell lines, using 21 chemicals.
These chemicals, ranging from antimicrobials to metals, were selected for their diverse modes of action and common
occurrence in European wastewater and surface waters. In vivo tests included growth inhibition assays on the algae
Raphidocelis subcapitata, the yeast Saccharomyces cerevisiae and bacteria Escherichia coli. In vitro tests, using MTS cell
viability as an endpoint, were Zebrafish embryonic fibroblast cell line (ZF4), Hamster ovary cell line (ARecoscreen-GR-KO-
M1), Mouse hepatocellular carcinoma (DR ecoscreen) and the Human breast carcinoma cell lines (VM7luc4E2 and
MCF7ARECc32), representing cells from different vertebrate species. Algae were the most sensitive tests across both in vivo
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and in vitro tests, producing concentration-response curves for 19 out of the 21 chemicals tested within the testing range. Algae
was particularly responsive to antimicrobials, herbicides, fungicides and the metals Cu and Zn. Surprisingly, algae surpassed E.
coli in sensitivity to four of five tested antimicrobials, and was more sensitive to the three fungicides tested than S. cerevisiae.
The mammalian cell lines were the most sensitive in vitro tests, responding to 10-14 of the 21 chemicals within the range
tested, hence, the overall hierarchy of sensitivity in terms of detection frequency was as follows: algae >human cells >rodent
cells >fish cells > E. coli >yeast. Comparing the ECso algae were 1- >100 fold more sensitive to 10 of the 14 common
chemicals, whereas VM7Iuc4E2 was many folds more sensitive to the remaining four common chemicals. Therefore, the
divergent yet heightened sensitivity of these two tests to a wide range of chemicals establishes them as a valuable
complementary pair for screening bioactive substances in environmental samples of unknown composition.

Keywords: cellular scale bioassay, in vivo, in vitro; sensitivity.

1.02.P-M0026 Identification of ToxCast bioassays associated with developmental and reproductive toxicity and their
application to mechanism-based chemical screening: Case study with biocidal chemicals under K-BPR

Donghyeon Kim, Siyeol Ahn and Jinhee Choi, School of Environmental Engineering, University of Seoul, Korea, Republic of
(South)

With the introduction of new chemical regulations, the demand for developing high-throughput screening (HTS) methods to
prioritize regulatory chemicals is growing. The EPA ToxCast database, one of the largest HTS databases available, provides
extensive biological coverage across diverse molecular targets, encompassing all major protein subfamily groups. To
accelerate the use of ToxCast bioassays in a regulatory context, it's essential to establish links between molecular toxicity
endpoints and regulatory endpoints. This study addressed this need by investigating ToxCast bioassays associated with
developmental and reproductive toxicity, utilizing 499 overlapping ToxCast chemicals with animal toxicity data from
ToxRefDB. Firstly, correlation analysis using Point-biserial and Pearson's methods revealed that 92 bioassays exhibited a
significant correlation (p-value<0.05) with animal toxicity data. Secondly, among these assays, 31 were identified as engaged
in teratogenic mechanisms, including processes related to sex hormone metabolism, oxidative stress, extracellular matrix,
angiogenesis, and more. Employing the selected ToxCast bioassays, we screened 109 biocidal chemicals regulated under K-
BPR that lacked available developmental and reproductive toxicity data. This screening identified 10 chemicals prioritized
based on their activities in selected ToxCast bioassays, suggesting their potential to induce developmental and reproductive
toxicity. These chemicals are commonly found in preservatives, disinfectants, repellents, pesticides, and rodenticides. Our
approach shows promise as a mechanism-based categorization method, particularly when in vivo toxicity data are unavailable.

Acknowledgement: This work was supported by Korea Environmental Industry & Technology Institute (KEITI) through 'Core
Technology Development Project for Environmental Diseases Prevention and Management', funded by Korea Ministry of
Environment (MOE) (2021003310005).

1.02.P-M0027 Transcriptomic points of departure for solvent and positive controls in rainbow trout and human cell
lines

Krittika Mittal, Ke Xu?, Samuel Rulli® and Niladri Basu?, (1)Natural Resource Sciences, McGill University, Canada,
(2)McGill University, Canada, (3)Qiagen

Ethical concerns and high costs associated with animal testing have prompted widespread interest in developing more efficient
non-animal based alternative testing strategies. There has also been increased interest in using molecular data in risk
assessment for benchmark dose response analysis and the derivation of transcriptomic points of departure (tPOD). The
objective here was to optimize and establish a high throughput in vitro transcriptomic-based toxicity test system that couples
rainbow trout RTgill-W1 and human Caco-2 and HepG?2 cell lines with QITAGEN’s UPXome ultraplex technology so that the
combined test system can derive tPODs. Library preparation was first optimized with unexposed RTgill-W1 cells to ensure
good quality libraries as verified on an Agilent Bioanalyzer. Subsequently, cells were exposed for 24 h to eight concentrations
of solvent (dimethyl sulfoxide; DMSO) and positive controls (3,4-dichloroaniline; DCA — RTgilll-W1 or hydrogen peroxide;
H,0, — Caco-2) from which libraries were prepared and sent for sequencing. Exposures were based on the OECD test
guideline 249. The advantage of this workflow is that cell lysis, conducted in microplates, allows for plate-based reverse
transcription directly on the lysate without isolating RNA from each sample. During reverse transcription, a unique sample
index for each sample is incorporated into the cDNA which allows for pooling of the cDNA and simplified library preparation
than traditional methods. Thus, libraries can be prepared from multiple 96-well plates in one workday, and hundreds of
samples can be sequenced in a single lane. The strongest concentration-dependent transcriptomic response was observed upon
exposure to DMSO with over 1,000 gene BMDs across all three cell lines. Exposure to DCA resulted in the least gene BMDs
and the highest tPOD (7 mg/L), whereas to H,O, resulted in the most sensitive tPOD in HepG2 (0.07 mM). Many DEGs were
involved in processes including stress response, cell signaling, motility and survival, and phase-Il drug metabolism including
heat shock proteins, selenoprotein P and angiopoietin-like 4. With increased interest in the use of transcriptomics in toxicity
testing, these types of studies can help inform future test guidelines and identify appropriate candidates to be included as
controls. Further exposures to evaluate the performance of this platform with diverse environmental samples and chemicals of
regulatory concern are ongoing in several case studies.

1.02.P-M0028 Microbial Assays for Risk Assessment to Evaluate Toxicity of Chemicals and Environmental Samples
Kirit Wadhia?, Michelle Robertson? and Carol Devine Dr?, (1)Environmental, NOV Inc, United Kingdom, (2)Energy &
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Enviromental Microbiology Services, NCIMB, United Kingdom, (3)Energy & Environmental Microbiology Services Manager,
NCIMB Limited, United Kingdom
Benefits of microbial bioassays

Bacteria are good candidates for ecotoxicity testing because of number of factors that include small size, rapid growth rate and
ease of handling. The use of bacterial bioassays to assess toxicity is well established, and is attributed to the rapidity of results
and convenience of use.

Single species bacterial tests have been in common use across a wide range of industry and environmental applications for
many years.

The best known tests make use of the naturally luminescent bacteria Aliivibrio fischeri (previously known as Vibrio

fischeri). The best known tests are based on the rationale that exposure to toxins disrupts the bacterial respiratory processes,
which in turn results in a reduction in light output.

MARA and LumiMARA bioassays with the incorporation of a genetically diverse multiple strains combination have
significantly advanced microbial assays from single species utilisation.

Bacterial testing is generally based around assessment of the acute toxicity response of a single marine species. In contrast,
testing using both MARA and LumiMARA gives a measure of acute and chronic toxicity, encompassing marine, freshwater
and terrestrial species of prokaryotes (bacteria) and additionally a single-celled Eukaryote (yeast).

MARA: The MARA test assesses toxicity by measuring the growth of ten bacterial species and one yeast, following 18 hours
of incubation in the presence of a concentration gradient of the test sample. As a eukaryote inclusion of a yeast species gives a
valuable additional dimension to test results.

LumiMARA: LumiMARA assesses toxicity on the basis of the reduction in luminescence of 11 species of bacteria following
exposure to a concentration gradient of the test sample. The test includes nine marine and two fresh water species from a
variety of habitats. Two of the strains are of A. fischeri, one of which is an equivalent to NRRL B-11177 referenced in ISO
11348-3.

Application in the oil and gas industry: The Oslo and Paris Commission (OSPAR) Recommendation 2012/5 requires
contracting parties, of which the UK is one, to implement a risk-based approach for the management of produced water from
offshore oil and gas installations. MARA and LumiMARA bioassays are recommended as part of the UK’s Department for
Energy Security and Net Zero (DESNZ) preferred approach to achieving this

1.02.P-M0029 Utility of QSARs and zebrafish embryos toxicity results in a simplified assay and in the OECD TG 236 to
predict the fish acute toxicity of fragrance ingredients

Andrea Weiner?, Maria José Mazdn!, Arantza Muriana® and Sylvia Gimeno?, (1)BBD BioPhenix S.L. - Biobide, Spain,
(2)DSM-Firmenich, Belgium

Fish acute toxicity data are part of the required information in the process of chemicals” registrations around the world and are
used for environmental hazard and risk assessments. Prior the regulatory process, chemicals companies screen new substances
in the phase of development to understand their toxicity profiles. To that end, cost-effective and reliable tools to predict fish
acute toxicity, without using animals, should be used. Fish acute toxicity results from tests (zebrafish, OECD TG 203) used for
regulatory submission of fragrances ingredients were used to verify the predictivity of the outcome of QSAR models
(ECOSAR and iSafeRat) and the results from the standard Fish Embryo Test (OECD TG 236) and from a simplified version.
More than 30 fragrance ingredients belonging to various chemical classes (alcohol, esters, aldehydes, etc) and with a wide
physico-chemical profile (water solubility from 0.01 to 1000 mg/L, vapour pressure from < 0.1 to > 100 Pa) were tested in a
simplified OECD TG 236. In the case of volatile substances precautions were taken to avoid losses and cross contamination.
The 96h LC50 were obtained from the simplified assays (8 concentrations, DMSO as vehicle, 15 embryos per experimental
condition, 5 embryos per well in 24 well-plates, no analytical measurements). The 96h LC50 were based on the standard
lethality indicators for fish embryos. The results from both embryotoxicity tests (the simplified-assay and the OECD TG 236)
showed similar trends, with an average factor of 2 difference in the 96h LC50 values. In most cases, the OECD TG 236 was
more conservative. There was little difference between the zebrafish juveniles LC50 values (OECD TG 203) based on
measured and nominal concentrations, reflecting that the exposure concentrations had been well maintained, except for the
substances with the highest vapour pressure. In the embryotoxicity simplified assays, the toxicity was also underestimated (Vp
from 10 to 400 Pa). The juvenile fish toxicity predictions by ECOSAR are more conservative than the predictions by iSafeRat,
while the estimations of the embryotoxicity was under-estimated in 1/3 of the cases, especially when it comes to very volatile
substances. After the complete analysis of this unique dataset, we aim at finding a recommendation for a suitable approach for
reliably screening new chemicals for their fish acute toxicity and potentially to use that information in a regulatory context.

1.02.P-M0030 Optimization of Experimental Conditions in Microphysiological systems (MPS) and Evaluation of
Hepatotoxicity of Triphenyl Phosphate (TPHP) in HepG2 Cells

Ji Yun Kang, Seongeun Park and Kitae Kim, Seoul National University of Science and Technology, Korea, Republic of
(South)

Over the recent decades, the reliance on mammalian animal testing has been customary for evaluating toxicity of chemicals.
However, existing animal testing models have inherent limitations such as interspecies differences, ethical issues, and
difficulty in efficiently assessing large numbers of chemicals, so there is a strong need to shift toxicity assessment paradigm
away from the current dependence on animal testing. As one of notable paradigms within the framework of New Approach
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Methodologies (NAMS), the implementation of Microphysiological Systems (MPS) has attracted great attention. The
intricately engineered systems, designed to simulate a similar environment to the human body by integrating fluid flow and cell
co-culture technologies, have evolved since the introduction of the ‘Lung-on-a-chip' in 2010. Despite the technological
advancements in the development of MPS, cases of its use in the toxicity assessment of chemical substances are limited and
have not been sufficiently discussed. In this study, we applied human-derived cell line, HepG2 was cultured in a MPS to
evaluate the hepatoxicity of an organophosphorus flame retardant, triphenyl phosphate (TPHP). In addition, we discussed how
the MPS can be used in the toxicity evaluation of chemical substances in the future by comparing toxicological consequences
of TPHP obtained from plate culture, an existing cell culture model.

We optimized the cell numbers and flow rates of our self-produced SperoMimic MPS and showed that LDH and ALT
activities that could not be observed in traditional static culture models can be observed in MPS under optimized experimental
conditions. We therefore demonstrated that MPS is a much more effective approach for identifying chemicals with the
potential for hepatotoxicity. Additional research will follow to upgrade the MPS to allow for longer exposures. This allows us
to better assess the incidence of hepatotoxicity or liver disease due to chemical exposure, serving as a true alternative to
existing animal models

1.02.P-Mo031 Digital Patterns for the Detection and Prediction of Chemically Induced Endocrine Disruption in Fish
(DIMEP = Digitale Muster Erkennung und Préadiktion)

Hannes A. Reinwald?, Wibke Busch?, Paul Michaelis?, Sebastian Eilebrecht?, Elke Eilebrecht* and Tobias Pamminger, Dr.2,
(1)Early Environmental Safety, Bayer AG, Germany, (2)Helmholtz Centre for Environmental Research (UFZ), Germany,
(3)Ecotoxicogenomics, Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Germany, (4)Ecotoxicology,
Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Germany

Endocrine-active substances can endanger human health and the environment by impairing essential endocrine-controlled
functions, such as the development and reproductive capacity of organisms. In 2018, the assessment of endocrine-disrupting
properties (ED) of chemicals was included in European chemicals legislation under REACh and the Plant Protection Product
regulation.

Currently, there are 434 compounds under investigation for ED, and more than 1000 are listed as potential candidates. For the
aquatic environmental hazard assessment of substances with suspected ED, in vivo mechanistic bioassays, such as the Fish
Short Term Reproduction Assay (FSTRA, OECD 229 & 230), are conducted with 80-120 fish per test. Therefore, more than
100,000 fish will be used for testing in the next few years for nearly 1500 chemicals. This number of sacrificed animals will
further increase in the future as the ED hazard assessment applies to a wide variety of compounds (e.g., plant protection
products, biocides, industrial chemicals).

To reduce the number of animal tests for ED assessment in aquatic vertebrates, in accordance with the 3R principles, the UFZ
(Helmholtz-Zentrum fur Umweltforschung), Fraunhofer Institute for Molecular Biology and Applied Ecology IME, and Bayer
AG will launch the collaborative research Project DIMEP (Digitale Muster Erkennung und Pradiktion). DiMEP aims to
enhance the regulatory assessment of the potential for ED by utilizing molecular (transcriptomic) and phenotypic fingerprints.
This involves employing the zebrafish embryo (ZFE) model as an animal-free alternative to juvenile/adult fish testing. The
goal is to supplement the required Fish Early Life Stage (FELS, OECD 210) test with molecular pattern-based assessment to
provide additional mechanistic information regarding the potential of a substance to cause endocrine effects.

The mission of DIMEP is to generate sublethal transcriptomic effect patterns (ecotoxicogenomic and phenotypic) in the
zebrafish embryo for a sufficiently large set of known ED reference chemicals. Based on this high-dimensional data resource,
computational tools and machine learning (ML) will be deployed to identify robust toxicogenomic patterns linked to known
apical ED outcomes. This approach will enable a mechanistically informed identification of substances with the potential for
ED in fish, likely reducing the need for additional fish-intensive studies.

1.02.P-M0032 Advances Towards a Harmonized Environmental Safety Analytical Toolbox for Cosmetic Ingredients
(ATEST)

Adam Lillicrap®, Maria Christou?, Anastasia Georgantzopoulou?, Maria T. Hultman?, You Song, PhD?, Michelle Rau Embry?
and Scott E. Belanger?, (1)Norwegian Institute for Water Research (NIVA), Oslo, Norway, (2)Norwegian Institute for Water
Research (NIVA), Norway, (3)Health and Environmental Sciences Institute (HESI), (4)Procter & Gamble Company (retired)
The substantial use of laboratory animals for toxicity testing is highly cost-inefficient, and heavily against animal welfare
considerations and the principles of the 3Rs (refine, reduce, replace). New Approach Methods or Non-Animal Methods
(NAMs) offer a promising solution to avoid the need for in vivo animal tests. Although several NAMs have been proposed for
environmental hazard assessments of chemicals, their maturity and stage of validation is limited or unclear. As chemicals, such
as cosmetics and personal care products, can potentially produce diverse types of biological effects, there is a need to assemble
a battery of NAMs with a broad coverage of endpoints for assessing the hazards of chemicals. The ATEST project is a
thorough assessment of the current state of the science on available NAMs and their potential applications for cosmetic
ingredients. The NAMSs evaluation used an Al-based systematic review tool to identify relevant literature from public
databases and the current state of the science of NAMs for environmental hazard assessments. A scoring system for assessing
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the weight of evidence has been developed to rank NAMs for their maturity and regulatory applicability. Information related to
the NAMs (e.g. measurement of certain ecotoxicological endpoints) were used as key words for querying public databases,
through an established data mining workflow. The outcome of the ATEST project is a database describing the attributes of
different NAMs identified for environmental safety including a ranking scheme to assess the reliability, relevance and
regulatory acceptability of different NAMSs. This will provide associations such as the International Collaboration on
Cosmetics Safety (ICCS) with information on where future efforts are needed to improve emerging NAMs and promote the
rapid transition from conventional to non-animal chemical hazard assessment.

1.02.P-M0033 Critical review of in vitro dosing methods for petroleum UVCB substances

Adam Lillicrap?, Maria T. Hultman?, Anastasia Georgantzopoulou?, Maria Christou?, You Song, PhD?, Aina Charlotte
Charlotte Wennberg, MSc?, Sandrine Estelle Deglin®, Michelle Rau Embry?, Philipp Mayer*, Heidi Birch*, David MV
Saunders®, Sandrine Sourisseau®, Christopher Prosser’, Kat Colving, Sergio A Villalobos®, Delina Lyon'® and Leslie J
Saunders'?, (1)Norwegian Institute for Water Research (NIVA), Oslo, Norway, (2)Norwegian Institute for Water Research
(NIVA), Norway, (3)Health and Environmental Sciences Institute (HESI), (4)Department of Environmental and Resource
Engineering, Technical University of Denmark (DTU), Denmark, (5)Shell Global Solutions, Netherlands, (6)TotalEnergies,
France, (7)ExxonMobil, (8)BP I&E Applied Sciences, United Kingdom, (9)BP, (10)Concawe, Belgium

Alternative approaches to traditional ecotoxicity tests, which include in vitro testing, are being promoted to support regulatory
chemical assessments. In vitro test methods can be used in multiple contexts, from prioritization and screening to supporting
chemical grouping and read-across. Eventually, it is anticipated that in vitro tests will be used in place of whole organism in
vivo testing. An important challenge of most in vitro testing methods is how to establish, maintain and confirm defined test
substance concentrations throughout the test. This is particularly challenging for petroleum UVCB substances (Unknown,
Variable composition, Complex reaction products, or Biological origin) that typically contain a large number and variety of
hydrophobic and (semi)volatile hydrocarbon constituents that are very prone to evaporative and sorptive losses.

The ability to deliver and maintain stable exposure of petroleum substances in in vitro test systems is challenged by several
factors, including: high surface area to volume ratios of multi cell well plates, which increases the likelihood of sorption to
plate walls; the inability to seal some test vessels (e.g., volatile constituents can escape open test vessels and may contaminate
neighbouring cell wells); poor solubility of hydrophobic constituents in biological media and presence of lipids and proteins in
biological media may differentially bind individual constituents. Here we present the first findings from a critical systematic
review on the state of science of in vitro methods, their challenges, and their applicability in (eco)toxicological assessments of
petroleum UVCBSs. The outputs will be used to identify relevant in vitro tests and dosing methods and adaptations best suited
for petroleum substances in future research and regulatory testing efforts.

1.02.P-M0035 Comparative in vitro characterization of biotransformation enzyme kinetics in different organs of brown
trout (Salmo trutta) and rainbow trout (Oncorhynchuss myekiss)

Baptiste P. M. Martin, Marco Enrique Franco and Kristin Schirmer, Environmental Toxicology, Swiss Federal Institute of
Aquatic Science and Technology (Eawag), Switzerland

Improving the applicability of in vitro methodologies to address chemical pollution in the aquatic environment requires
specific knowledge about their metabolic competence, particularly for processes that drive chemical toxicokinetics, i.e.
biotransformation. Currently, comparative studies regarding the presence, activity magnitudes, and inducibility of different
biotransformation pathways are scarce for testing systems using fish. As a result, we here report a comparative characterization
of organ-specific kinetic parameters for phase | and Il biotransformation enzymes, under basal and induced conditions, using
S9 sub-cellular fractions and four rainbow trout cell lines. Two of the most common biomarkers of biotransformation, CYP1A
and glutathione S-transferase (GST), displayed their highest levels in liver S9 fractions and RTL-W1 liver cells. However, S9
fractions and cell lines derived from the intestine, gills, and brain also displayed these biotransformation pathways. In addition,
while CYP3A4-like activity was only measured in liver and intestinal S9 fractions, all rainbow trout cell lines appeared to be
equipped with this pathway. Basal CYP3A4-like activity was the highest in intestinal cells RTgutGC, but the inducibility of
this pathway was higher in RTL-W1 cells. Similarly, while both RTL-W1 and RTgutGC cells appeared to be equipped with
CYP2B-like activity, this was only measurable upon induction. In contrast, S9 fractions from the liver, intestine and gills
displayed constitutive CYP2B-like activity. These differences among systems could be related to the complexity and potential
differential functionality of biological processes at the in vivo level. Nonetheless, the biotransformation kinetic parameters
obtained from our experimentation represent important evidence of the metabolic competence of fish in vitro methods. Based
on our results, we suggest that both S9 fractions and cell lines are suitable testing alternatives for evaluations of organ-specific
biotransformation of pollutants.

1.02.P-M0036 Characterization of rainbow trout hepatic 3D spheroids for next generation ecotoxicity testing

Prem Chand?, You Song, PhD?, Tania Gomes®, Awadhesh Jha* and Maria T. Hultman?, (1)Ecotoxicology and risk assessment,
Norwegian Institute for Water Research (NIVA), Norway, (2)Norwegian Institute for Water Research (NIVA), Norway,
(3)Norwegian Institute for Water Research (NIVA), Oslo, Norway, (4)Plymouth University, United Kingdom

There is a growing need for animal alternatives using new approach methodologies (NAMSs) for ecotoxicity testing of
chemicals. There are currently few well-characterized in vitro (cell based) assays, based on both primary- and continuous cell
cultures. Primary hepatocytes from rainbow trout (RT-HEP) have shown promise in acute toxicity assessments as they retain
many of the native physiological functions of the liver. However, there are currently few cell-based alternative methods
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available for long-term toxicity assessments. A novel three-dimensional (3D) spheroid model, derived from RT-HEP, has
shown promise as it preserves many of its morphological, physiological and biochemical properties for weeks after isolation
and formation. However, prior to application, the RT-3D hepatic cell culture system requires comprehensive characterization
and validation. We therefore employed high-resolution multiphoton fluorescence microscopy (MFM) to access the
morphology, area, diameter, sphericity, physiological structure, DNA/nucleus integrity and hypoxia. We further employed
OMICS and various bioassays to comprehensively characterize the RT hepatic 3D spheroids. Model chemicals, representative
of different toxic modes of action such as copper, 17 B-ethinyl estradiol (EE2), pyrene, 3,4- dichloroaniline (DCA), and
carbonyl cyanide m-chlorophenyl hydrazone (CCCP), were employed to assess the sensitivity and responsiveness of the RT-
3D hepatic spheroids. Our assessment focused on analyzing the viability, metabolic activity, adenosine triphosphate (ATP)
synthesis, vitellogenin (Vg) induction and oxidative stress response exhibited by these RT hepatic 3D spheroids when exposed
to these specific model chemicals.

Initial findings suggest that the RT hepatic 3D spheroids serve as a reliable model for evaluating cytotoxicity, cell membrane
integrity and oxidative stress. Additionally, the absence of hypoxia at the spheroid core was confirmed. Transcriptomics
(RNA-seq) and untargeted metabolomics (mass spectrometry based) were also employed to better understand the molecular
landscape of the 3D spheroids and their potential for assessing chemicals with distinct MoAs. Based on our ongoing
characterization, the RT hepatic 3D spheroids model exhibits substantial potential as an ecotoxicity screening tool capable of
assessing the risks associated with a diverse array of chemicals. This work was supported by the SPHERTOX Project
(#324794) funded by the Research Council of Norway.

1.02.P-M0037 A review of in silico and in vitro methods for use in a risk assessment of a substance acting via oestrogen
or androgen modalities

Rebecca Jayne Brown?, Grace Panter?, Kate Roylance!, Owen Green?, Olivia Lin Tran?, Jorge Naciff?, Kaushal Joshi®, Sophie
Cable*, Dagmar Bury®, Arianna Gusti®, Dave Allen’, Audrey Loisy®, Christopher Choi®, Daniela Lange'?, Mareike Béttcher??,
Romain Tempereau®, Nina Hambruch®! and Anne Riu®, (1)wca environment Ltd., United Kingdom, (2)Procter & Gamble,
(3)RIVM, Netherlands, (4)Unilever - Safety and Environmental Assurance Centre (SEAC), United Kingdom, (5)L'Oréal,
France, (6)ICCS, (7)International Collaboration on Cosmetics Safety (ICCS), (8)Chanel, (9)Takasago, (10)Beiersdorf,
Germany, (11)BASF

The testing of cosmetics on animals is banned in many countries, but manufacturers are responsible for demonstrating the
safety of constituents for users and increasingly so for the environment. Of concern are those ingredients with endocrine
disrupting properties. Therefore, the cosmetics industry requires an approach for conducting risk assessments for substances
with potential endocrine activity which does not require in vivo animal testing, instead, demonstrating their safety using In
Vitro to In Vivo Extrapolation (IVIVE) approaches. These approaches rely on the use of in vitro bioassays supported by
predictive in silico data. Whilst there are many in silico models and in vitro methods which are used to predict the endocrine
activity of chemicals, most have been optimised with a focus on classifying substances with endocrine activity rather than
consideration of their biological relevance. A review of the available in silico and in vitro methods was therefore conducted to
assess which were most suitable to support a human risk assessment for a substance acting via oestrogen or androgen
modalities. The review considers several aspects including the relevance of the assay for humans (tissues and receptors) and
for predicting effects in the whole organism, the sensitivity and specificity of the assay, applicability domain of the methods, as
well as regulatory acceptability and commercial availability. We also considered whether these assays had already been used in
IVIVE approaches and if so, whether the extrapolations were realistic. While this review has focused on humans, the findings
are considered useful for informing on the prioritisation of New Approach Methodologies to use for risk assessments with non-
target organisms, especially given the homology of oestrogen and androgen receptors in vertebrates.

1.02.P-M0038 Cytotoxic Disruption of Intracellular Parameters Induced by Thiacloprid in Mice Sertoli Cells In vitro
Tomas Jambor?, Lucia Zuscikova?, Hana Greifova®, Nikola Knizatova®, Anton Kovacik!, Denis Bazany? and Norbert Lukac?,
(1)Slovak University of Agriculture in Nitra, Slovakia, (2)Institute of Applied Biology, Slovak University of Agriculture in
Nitra, Slovakia, (3)Institute of Applied Biology, Slovak University of Agriculture in Nitra, Faculty of Biotechnology and Food
Sciences, Slovakia

Thiacloprid (22)-3-[(6-chloro-3-pyridinyl)methyl]-1,3-thiazolidin-2-ylidenecyanamide belongs to the neonicotinoid family,
and it is mainly exploited in agriculture. At the same time, neonicotinoid pesticides are highly effective against some
destructive crop pests, and their occurrence in aquatic ecosystems could represent a relevant risk. Although previous studies
described the binding affinity of thiacloprid on nicotinic acetylcholine receptors (nAChRs) or y-aminobutyric acid (GABA)
receptors in insects, some information about the sensitivity of the reproductive system still resonates. Besides that, detailed
knowledge about the potential mechanisms of effect and cytotoxic potential regarding other mammalian cells stays
inconsistent. The primary aim of our in vitro study was to determine the potential impact of thiacloprid on mice Sertoli cells.
TMA4 cells were treated with experimental doses starting from 62,5 uM to 500 uM of thiacloprid for 48 hours. Screening of
cytotoxic effects was evaluated based on the changes in mitochondrial activity, changes in cell membrane integrity, as well as
through inhibition of lysosomal activity. The results from the mitochondrial activity assay (MTT) revealed that the whole panel
of experimental concentrations inhibited this parameter. A significant (p<0.0001) reduction was recorded at 250 pM, 300 pM,
and 500 pM of thiacloprid. A similar tendency was observed in cell membrane integrity (CFDA-AM assay) evaluation. The
higher concentrations than 125 puM significantly (p<0.001) affected this parameter in exposed cells. A sensitivity of TM4 cells
to thiacloprid exposure was confirmed via inhibition of lysosomal activity carried out by neutral red uptake. The panel of
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experimental doses significantly (p<0.0001; p<0.001) decreased this parameter after 48 hours of exposure in vitro. Gained
results of our pilot study suggest, that thiacloprid could affect intracellular parameters of Sertoli cells, and concerns about the
negative impact on reproductive health are justified. A considerably more detailed and systematic research in thiacloprid
toxicology is definitely required for a better understanding of risks associated with reproductive health.

Keywords: Sertoli cells, thiacloprid, mitochondrial activity, membrane integrity, lysosoms
Acknowledgement: Supported by the grant from Scientific Agency of the Slovak Republic VEGA No. 1/0083/21 and the Slovak
Research and Development Agency Grant No. APVV-21-0168 and APVV-20-0218.

1.03.P Assessing Adverse Pollutant Effects on Host-Associated and Free-Living Microbiomes Using -Omics Approaches

1.03.P-M0039 Chemical Metabolomics — New Chemical Biology Tools to Explore Gut Microbiome Metabolism

Daniel Globisch, Chemistry-BMC, Uppsala University, Sweden

Introduction: Metabolites produced by the gut microbiome play a crucial and diverse role on host physiology, which are
detectable in a wide range of biological samples including feces, plasma, urine, and cerebrospinal fluid. Microbiota dysbiosis
has been associated with the development of diseases, however, the metabolic link has yet to be detected. The detailed and
targeted analysis of these metabolites is important for the discovery of biomarkers, unknown bioactive molecules and toxic
metabolites.

Materials and Methods: Mass spectrometric metabolomics is the method of choice for identification and quantification of these
metabolites. Advanced methods at the interface of chemistry and biology coupled with metabolomics analysis are still limited.
We have developed a unique and multifunctional chemoselective probe with synthetic *3C/*C isotopically labelled analogs
that allows for comparative and quantitative analysis of metabolites in human samples at low concentrations. We have termed
this method Quantitative Sensitive CHEmoselective MetAbolomics (quant-SCHEMA). Coupled to magnetic beads, this
method allows the straightforward chemoselective extraction of metabolites from human samples. This isolation procedure of
specific classes of metabolites from sample matrices led to significantly increased mass spectrometric sensitivity that facilitates
the detection of metabolites at attomole quantities.

Results and Discussion: Our analysis of carbonyls, thiols, amines, and short-chain fatty acids (SCFASs) revealed previously
unknown metabolites. We applied this methodology in dietary intervention study with 156 samples for nutritional biomarker
discovery. We have successfully found four potential food biomarkers. The success of this large-scale application of this
methodology results in further validation of this method and encourages the general use in metabolomics studies. We also
utilized selective enzymatic treatment of metabolites in human samples for simplified identification of converted sulfated and
glucuronidated metabolites to elucidate their chemical structure using mass spectrometry. Many of these identified phase 1l
clearance products are linked to gut microbiota-human host co-metabolism.

Conclusions: We have successfully developed unique methods for the investigation of the metabolic interaction of host and
microbes that identified more than 300 previously unknown dietary and microbial metabolites in human samples with
unknown bioactivity.

1.03.P-M0040 Assessment of Taxonomic and Functional Changes in the Environmental Symbiotic and Free-living
Microbiome Induced by Ag and Cu Metals

Marina Barbudo-Lunar Ms.%, Chiara Trombini Dr.2, Carmen Michan?, Jose Alhama* and Julian Blasco®, (1)Biochemistry and
Molecular Biology, ceiA3, University of Cordoba, Spain, (2)Ecology and Coastal Management, Institute of Marine Sciences of
Andalusia, Spanish National Research Council (ICMAN-CSIC), Spain, (3)Dpt. Biochemistry and Molecular Biology, ceiA3,
University of Cordoba, Spain, (4)Biochemistry and Molecular Biology, University of Cordoba, Spain, (5)Institute of Marine
Sciences of Andalusia - Spanish National Research Council (ICMAN-CSIC), Puerto Real, Cadiz, Spain

Despite the importance of coastal ecosystems, their ecological well-being is threatened by the increasing release of
anthropogenic sources of pollution. Metals are present in the environment as a result of natural or anthropogenic inputs. Silver
is well known for its toxicity to organisms. Although its levels are generally low, the associated risk in coastal ecosystems is
usually high due to sewage discharges. Copper is a widespread and well-known environmental contaminant. The development
of pollutant exposure experiments in controlled microcosm systems makes it possible to simulate their effects in natural
ecosystems. Due to their wide distribution and close contact with pollutants, microorganisms, both symbiotic and free-living in
natural environments, could be good indicators of pollution. In this work, the changes in the microbial profile, both in
sediments and in the digestive gland of the bivalve mollusc Scrobicularia plana, upon exposure to silver (Ag) or copper (Cu),
or a mixture of both, at 1 pg/L were characterised in an aquatic microcosm system. The phylum with the highest nhumber of
identifications in all samples was always Proteobacteria. The Desulfobactereaceae, Ectothiorhodospiraceae and
Flavobacteriaceae families were highly abundant in all samples. After exposure to metals, there were a number of significant
increases at the family level, highlighting Xanthomonadaceae in sediment samples after exposure to the Ag/Cu mixture with
respect to individual exposure to Ag, and Chromatiaceae in digestive gland samples after individual exposure to Cu with
respect to unexposed samples. These changes affected the functional potential of the microbiomes, as there was a significant
increase in several functions, such as "aromatic degradation" and "hydrocarbon degradation”, after exposure to the Ag/Cu
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mixture compared to individual exposure to Ag in the sediment samples, and after individual exposure to Cu compared to the
control in the digestive gland samples. Changes at the taxonomic and functional levels of the microbiome, symbiotic and free-
living, have shown great potential as an environmental monitoring tool in coastal aquatic ecosystems.

Acknowledgments: MICINN PID2019-110049RB-100. Fundings to BIO187 and RNM306 groups (PAIDI, UCO/CSIC).
Research Support Services (SCAI) of the University of Cérdoba.

1.03.P-M0041 Gut Microbiota of Zebra Mussels (Dreissena polymorpha) as a Holobiont Concept- Significantly Reliable
Method for Aquatic Environment Monitoring?

Katerina Fialova?, Pascal Poupin?, Fanny Louis?, Laetitia Minguez?, Marie Zaffino! and Laure Giamberini®, (1)Université de
Lorraine, CNRS, LIEC, France, (2)French National Centre for Scientific Research (CNRS), Paris, France

France's Water bodies are constantly exposed to emerging pollutants from urban areas. It requires constant monitoring of
contamination. Zebra mussel (ZM) is an invasive species which is spread in European waters extensively. They are filter
feeders that filter a large amount of water as its food source. They process and remove a high number of microorganisms
(MO). ZM accumulate compounds from the water column and is an excellent indicator of the surrounding environment. The
filtration process allows ZMs to absorb naturally occurring mixtures and pollutants. ZM's gut microbiota (GM) contains a high
number of MO and creates a specific symbiosis with the host. It is closely connected to the outside environment and represents
aquatic conditions. It shows the importance of holobiont symbiosis and its need for detailed understanding. This study
investigates the GM of ZM as an indicator of emerging contaminants such as human pathogens and antibiotics resistance
bacteria (ARB). The inquiry is how GM is affected by variations of diet, pathogens and contaminants appearing in aquatic
environments and the overall understanding of the gut microbiota of ZMs and its essence in the accumulation of increasing
quantities of pathogens and ARB.

ZMs were collected in the field and let acclimated before following steps. After the acclimation period, the field investigation
selected ZMs were transferred to appointed sites and put into specially created devices for collecting faeces. The rest of the
ZMs were kept in laboratory conditions to further study their gastrointestinal microbiota. Further analysis will be performed by
16S rDNA sequencing and cultivation.

The experiment combines laboratory-controlled conditions and field experiments. Obtaining data from different feeding
conditions, filtration rates and the overall effect of the laboratory and field environment and possible accumulation of
pathogens and ARB from the field is critical for further study. Testing of water bodies can be more reliable with ZMs
accumulation of contaminants with comparison to regular grab water samples depending on many factors.

This study emphasises the importance of the microbiota of filter feeders and their ability to accumulate compounds from the
water.

1.03.P-M0042 From dysbiosis to neuropathologies: toxic effects of glyphosate in zebrafish

Benjamin Pinal, Marina Bellot?, Maria Paula Losada Carrillo®, Juliette Bedrossiantz*, Cristian Gémez-Canela?, Maria Vila-
Costa®, Eva Prats® and Demetrio Raldua®, (1)Environmental Chemistry, Institute for Environmental Assessment and Water
Research, Spanish Research Council (IDAEA-CSIC), Spain, (2)University Ramon LIull IQS, Spain, (3)Institute of
Environmental Assessment and Water Studies, Spain, (4)Environmental Toxicology, Institute for Environmental Assessment
and Water Research, Spanish Research Council (IDAEA-CSIC), Spain, (5)Institute for Environmental Assessment and Water
Research, Spanish Research Council (IDAEA-CSIC), Spain, (6)CID-CSIC, Spain

Glyphosate, the most widely used herbicide worldwide, has long been assumed to have negligible effects on animals due to its
selective inhibition of the shikimate pathway in plants. However, accumulating evidence suggests physiological impacts of
glyphosate exposure in both humans and animal models, ranging from neurological effects to cancer. In addition to its
recognized herbicidal properties, glyphosate also possesses a selective antimicrobial activity. In this study, we investigate the
effects of environmentally relevant concentrations of glyphosate on the gut microbiota, neurotransmitter levels, and anxiety in
zebrafish. Our findings demonstrate that glyphosate exposure leads to dysbiosis in the zebrafish gut, alterations in central and
peripheral serotonin levels, increased dopamine levels in the brain, and notable changes in anxiety and social behavior. While
the dysbiosis can be attributed to glyphosate's antimicrobial properties, the observed effects on neurotransmitter levels leading
to the reported induction of oxidative stress in the brain indicate a novel and significant mode of action for glyphosate, namely
the impairment of the microbiome-gut-axis. While further investigations are necessary to determine the relevance of this
mechanism in humans, our findings shed light on the potential explanation for the contradictory reports on the safety of
glyphosate for consumers.

1.03.P-M0043 Examining the Interlinked Dynamics of Human Activities, Microbial Communities, and Greenhouse Gas
Emissions in a highly impacted river system

Milena Doreen Esser®, Cameron Hoggart?, Phillip Ankley!, Helen Baulch?, John Giesy?, Markus Brinkmann® and Markus
Hecker?, (1)Toxicology Centre, University of Saskatchewan, Canada, (2)University of Saskatchewan, Canada, (3)Toxicology
Centre and School of the Environment and Sustainability, University of Saskatchewan, Canada

Microbial communities play a vital role in freshwater ecosystems but are susceptible to adverse effects from human activities.
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To enhance ecosystem management, it is imperative to comprehend their reactions. This study employed advanced sequencing
techniques to explore the community composition and functional diversity of microbial communities in Wascana Creek,
Southern Saskatchewan, Canada, a river system previously identified as highly impacted. Through targeted chemical analysis,
suspect screening, and assessments of nutrients and greenhouse gases, the research aimed to pinpoint specific pollutants and
characterize their presence in the creek. By combining these analytical techniques, we aimed to unravel the intricate
interactions between anthropogenic activities and microbial communities, elucidating their responses and potential functional
alterations. Conducted in 2022, the investigation exposed a significant human influence on Wascana Creek. Upstream of the
City of Regina, agricultural practices led to increased phosphorus levels, causing shifts in microbial community composition
and activity. Consequently, dissolved oxygen concentrations declined, resulting in fish mortality. Moreover, there was a
noteworthy rise in methane emissions, a potent greenhouse gas. Downstream of the City of Regina wastewater treatment plant,
the introduction of effluents led to substantial increases in anthropogenic pollutants and nitrogen, triggering significant changes
in microbial community composition and functional diversity. These alterations aligned with heightened emissions of nitrous
oxide (N20), another potent greenhouse gas. These findings emphasize the direct influence of anthropogenic activities on
microbial communities. Understanding the intricate interactions between anthropogenic activities, microbial communities, and
ecosystem functioning is crucial. By examining microbial responses to anthropogenic stressors, valuable insights were
obtained into the mechanisms underlying ecosystem disruption.

1.03.P-M0044 Metal Pollution Affects the Early-life Gut Microbiota in Small Passerine Birds

Miia Rainio, Lyydia Irmeli Leino, Eero Vesterinen and Tapio Eeva, Department of Biology, University of Turku, Finland
Microbes play a significant role in terrestrial and aquatic ecosystems by acting as plant, animal and human pathogens, but
many microbes have protective functions as well. Metals are well-known antimicrobial elements and metal pollution is a
potential but little studied modifier of microbial environment in wild birds. Pollution-induced changes in gut microbiota may
have serious effects on avian health and physiology. Particularly, early-life exposure to environmental pollutants may have
great impact on the gut microbiota development and microbiota-dependent physiological functions, such as immune and stress
responses. We studied the effects of metal pollution on early-life microbial environment of wild passerines by exploring
bacterial diversity and community in nestlings’ feces by 16S rRNA sequencing. We used three common model species, great
tits (Parus major), blue tits (Cyanistes caeruleus) and pied flycatchers (Ficedula hypoleuca), which commonly breed at metal
polluted areas in Finland. The field work was conducted near a copper-nickel smelter, an area with highest rates of metal
pollution in Finland. Responses of microbiota to pollution, habitat, microclimate, taxonomy and dietary differences were
measured and connected to ecological (brood size, growth, survival) measures of individual performance. The most common
bacterial phyla were Firmicutes, Proteobacteria and Actinobacteria. Our preliminary results showed that the fecal microbial
diversity (Shannon index) and richness (Chaol) did not differ between the study areas or between the species. However, the
diversity decreased with increasing brood size in great tits and blue tits, while in pied flycatchers the diversity increased with
nestling mass. Also, the fecal microbial communities differed between the species and study areas and several bacterial orders
were associated with metal concentrations, nestling growth and fledging success. Moreover, several bacteria at family and
genus level were differently abundant between the study areas and study species. The results suggest that metals may change
the early-life bacterial communities in small passerine species living close to metal polluted areas.

1.03.P-M0045 Distribution of metals and pesticides in spoonbills from natural areas of the southwest Spain. The impact
on the microbial-produced metabolites and gut microbiota

Cristina Navarro Fernandez?, José luis Gomez Ariza?, Claudine de Le Court?, MCarmen Collado®, Francisco Hortas* and
Tamara Garcia-Barrera®, (1)Chemistry, Research Center for Natural Resources Health and The Environment (RENSMA).
Department of Chemistry, Faculty of Experimental Sciences, Spain, (2)Environment and Water Agency of Andalusia, Spain,
(3)Institute of Agrochemistry and Food Technology, Spanish National Research Council (IATA-CSIC), Spain, (4)Department
of Biology, Institute of Marine Research (INMAR). University of Cadiz., Spain, (5)Research Centre of Natural Resources,
Health and the Environment (RENSMA), Department of Chemistry, University of Huelva, Spain

The consequences of pollution due are widely recognized on a global, regional and local scale as well as their influence on
ecosystems, especially in areas with abundant water, which acts as a carrier. The common spoonbill (Platalea leucordia) is a
wetland-dwelling wading bird highly sensitive to pollution, making it a good bioindicator for assessing the ecological health of
ecosystems. To this end, 70 feathers, 146 blood samples and 60 spoonbill eggs were analyzed in four selected areas during
2006 and 2011 (Southwest Spain): Odiel Marshes Biosphere Reserve (OM), marshland nature reserve of the Marismas de Isla
Cristina (MIC), Dofiana Natural Park and Natural Park of Cadiz Bay (CB). The presence of metals was evaluated by
inductively coupled plasma-mass spectrometry (ICP-MS) while chlorinated organic compounds (PCBs and pesticides) were
assessed by gas chromatography with an electron capture detector. High Fe content was observed in blood, along with lower
levels of Mn, Ni and Se compared to the feather samples. Toxic metals such as Pb, Cd and Co were absent in blood and eggs.
Regarding pesticides, DDT and, into a lesser extent, 3-endosulfan were the most common, with the highest pesticide levels
found in MIC. Similarly, this las site point was the most contaminated area with PCBs, with the highest concentration found in
the blood. A higher accumulation of metals was observed in feathers due to permanent exposure to contaminants, and the
highest concentration of pesticides and PCBs was found in blood samples from MIC. Moreover, a new sampling campaing has
been performed during 2023 collecting 4 samples of water, 4 samples of soils and 30 samples of faeces of spoonbills in CB.
Other sampling points to increase the number of samples is ongoing. Pesticides and metals have been determined, while an
untargeted metabolomic study has been performed in the faeces to determine the microbial-produced metabolites that could be
potencially related with the presence of pollutants. Microbiota profiling was also determined by 16S amplicon sequencing in
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Illumina platform. The metabolomic analysis was carried out by combining GC with mass spectrometry and ultra-high
performance liquid chromatography coupled to quadrupole time of flight (UHPLC-QTOF). The potential gut metabolic and
microbiota impairments caused by environmental pollution in the different sampling points as well as the potential associations
with pollutants are under investigation.

1.03.P-M0046 Microbial Changes in Treated Wastewater Irrigated Paddy Soils and the Impacts on Biogeochemical
Cycles

Dung Viet Pham?, Toru Watanabe? and Susan Praise?, (1)Department of Urban Engineering, Tokyo University, (2)Faculty of
Agriculture, Yamagata University

Global freshwater withdrawals by the agricultural sector account for approximately 72%, placing it in strong competition with
global cities. As a nutrient-rich resource, treated wastewater poses a viable option for meeting the high-water demand in
agriculture, especially in water-intensive farming systems. However, conventional wastewater treatment processes do not
eliminate all contaminants; thus, using treated wastewater (TWW) poses potential adverse risks for plants, agricultural soils,
and the environment. We examined changes in microbial communities of paddy soils following one and three years of TWW
irrigation. Our aim was to assess the microbial response to TWW and the consequences for biogeochemical cycles. After one
year, pH, nutrients, and heavy metals significantly increased. However, most of the initially observed spikes had significantly
recovered with three years of TWW irrigation, except for total carbon, nitrogen, and toxic elements including As, Pb, and Cr.
Changes in soil physical and chemical properties were accompanied by differential abundance expression, with one year of
TWW use showing more differentially abundant microbes than after three years. Notably, the differentially abundant microbes
of the core taxa spanned across several phyla after one year (Acidobacteria, Chloroflexi, Proteobacteria, and Nitrospirae),
compared to only Chloroflexi and Nitrospirae after three years. Interestingly, two rare taxa (SBR1093 and WS3) significantly
varied after three years. Moreover, alpha diversity indices were significantly low after three years. In addition to showing a
lower abundance of microbes related to methane generation, TWW-irrigated fields had an overall reduction in methanogenesis
and denitrification, highlighting the potential of TWW irrigation to alter microbial composition and subsequent processes
crucial for organic matter mineralization and carbon sequestration.

1.03.P-M0047 Beyond Nutrition: Breast milk Minerals Shape Infant Microbiota

Eduard Flores Ventura®, Raul Cabrera-Rubio?, Belén Callejon-Leblic?, Javier Estafi-Capell?, Cecilia Martinez-Costa®,
Tamara Garcia-Barrera? and MCarmen Collado?, (1)Institute of Agrochemistry and Food Technology, Spanish National
Research Council (IATA-CSIC), Spain, (2)Research Centre of Natural Resources, Health and the Environment (RENSMA),
Department of Chemistry, University of Huelva, Spain, (3)Department of Pediatrics, University of Valencia, INCLIVA
Biomedical Research Institute, Spain

Introduction: Breast milk (BM), a dynamic fluid influenced by the maternal exposome, raises intriguing questions about its
impact on the infant's microbiota. This study explores the potential role of variations in BM minerals and heavy metal
composition in shaping the infant gut microbiota.

Methods: BM samples from 98 healthy mothers from MAMI cohort at two stages, early and mature, during lactation were
included. Clinical and anthropometrical data from mother-infants were available. Mineral profile was obtained by inductively
coupled plasma atomic emission spectroscopy (ICP-AES) and microbial profile was obtained by high-throughput sequencing
of the 16S rRNA gene in lllumina platform. Unsupervised clustering and statistical analyses, including sparse Partial Least
Squares (sPLS) multi-omics integration, were applied to unravel mineral-based compositional patterns and explore mineral-
microbial dynamics.

Results: Significant variations were observed in the mineral composition of early and mature BM. Cadmium, and lead
increased, while molybdenum, copper, cobalt, antimony, and zinc decreased significantly. Infant fecal samples showed an
increase in Bifidobacterium spp. and a decrease in Klebsiella spp. during first months. Analysis of variance revealed a
significant interaction effect between k-means cluster and time on Shannon and Simpson diversity indices. Numerical
differences in diversity were found to be lower in infants with early BM compared to those with mature BM in the mineral
cluster 2. Mineral differences, particularly higher cadmium and lead concentrations and lower molybdenum and antimony
levels in mature BM from cluster 2, were identified. SPLS analysis suggested a moderate positive influence of aluminium on
Bacteroides, and arsenic on Corynebacterium in early BM samples. Negative loadings were identified on Corynebacterium for
vanadium in early BM, and for copper and zinc in mature BM.

Conclusion: Shifts in mineral profile, including elevated molybdenum, cadmium, and lead, and reduced copper, cobalt,
antimony, and zinc, were observed in mature BM compared to early milk samples. Significant interactions between clustered
minerals and time on diversity suggest a potential influence of heavy metal levels on shaping the infant gut microbiota. Further
investigation is required to understand the biological or clinical significance of mineral-microbiota relationships in the context
of initial infant gut seeding.

1.03.P-M0048 Potential associations of chiral thyroid hormones and microbiota in human milk
Rafael de Fatima Vélez-Pérez?, Raul Cabrera Rubio?, Ana Arias Borrego?®, Inés Velasco-Lopez*, Berta Soldevila*, MCarmen
Collado® and Tamara Garcia-Barrera®, (1)Universidad de Huelva. Research Center for Natural Resources, Health and The
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Environment (RENSMA), Spain, (2)Institute of Agrochemistry and Food Technology, Spain, (3)Chemistry, University of
Sevilla, Spain, (4)Hospital Universitari Germans Trias i Pujol, Spain, (5)Institute of Agrochemistry and Food

Technology, Spanish National Research Council (IATA-CSIC), Spain, (6)Research Centre of Natural Resources, Health and
the Environment (RENSMA), Department of Chemistry, University of Huelva, Spain

lodine can only be obtained from the diet, and its requirements increase during pregnancy to fulfil altered maternal thyroid
physiology and foetal development. There are previous studies related to the impact of iodine deficiency on the metabolome of
human milk (HM). Thyroid hormones (TH) are the only compounds that contain iodine with biological activity and they are
important for the infant's health. TH have chiral centers and their enantiomers present different biological and metabolic
efficiency. Likewise, the levels of D-thyroxine (D-T4) do not influence the metabolic rate, but on the contrary, the levels of L-
T4 do clearly influence it. However, D-T4 influences the levels of lipogenic enzymes in the liver, reduces cholesterol present
in the plasmatic serum and decreases the secretion of thyrotropin (TSH). However, it is known that the efficiency of the L-T4
is much higher than that of its D form, but under our knowledge, chiral forms have not been previously reported in HM.

Herein, a novel analytical method was developed to separate 8 TH in HM using a column switching system mounted into an
ultra-high performance liquid chromatography (UHPLC) that combines chiral and reversed stationary phases. TH were
determined combining quadrupole time of flight (QTOF) tandem mass spectrometry, inductively coupled plasma triple
quadrupole mass spectrometry (ICP-QQQ-MS) and ion mobility mass spectrometry (IMMS). Sample treatment involved
hollow-fiber liquid-phase microextraction (HF-LPME) in three-phase mode. HF-LPME is a reliable method, simple and low
cost that due to fiber disposability, avoids sample cross-contamination. The method allows determining 8 TH in HM at natural
levels. The methodology has been applied to 134 HM samples. The concentration (ng/g) of TH followed the order D-T4 (96.78
+164.00) > L-T4 (71.23 + 112.65) > 3,3’,5 -triiodothyronine (65.22 + 112.54 = rT3) > 3,3, 5-triiodothyronine (43.85 + 68.43
=T3) > 3,5-diiodothyronine (43.42 £ 56.35 = T2) > thyronine (19.94 £ 34.41 = T0) > 3,5-diiodotyrosine (9.86 + 21.86 = DIT)
> 3-iodotyrosine (9.53 + 26.27 = MIT). Moreover, the microbiota profiling was obtained by 16S amplicon sequencing in
Illumina platform and our results demonstrated a separation between mothers with iodine deficiency from control samples. The
potential associations between clinical variables and the concentration of thyroid hormones with HM microbiota are under
investigation.

1.03.PC Assessing Adverse Pollutant Effects on Host-Associated and Free-Living Microbiomes Using -Omics
Approaches

1.04.A Behavioural Toxicology: Methodologies and Research Needs

1.04.A.T-01 Perceptions about the quality and utility of Behavioural (Eco)Toxicology to protect human and ecosystem
health

Alex Ford?, Marlene Agerstrand?, Tomas Brodin®, Bryan W. Brooks*, Gerd Maack®, James M. Lazorchak®, Minna Saaristo’
and Bob Wong?, (1)University of Portsmouth, United Kingdom, (2)Stockholm University, Sweden, (3)Wildlife, Fish and
Environmental Studies, Swedish University of Agricultural Sciences (SLU), Sweden, (4)Environmental Science, Environmental
Science & Public Health, Baylor University, (5)German Environment Agency (UBA), Germany, (6)Office of Research and
Develoment, U.S. Environmental Protection Agency (US EPA), (7)Environment Protection Authority Victoria, Australia,
(8)School of Biological Sciences, Monash University, Australia

A survey was conducted on the perceptions and role of behavioural ecotoxicology in the protection of the environment and
human health. Those surveyed included environmental scientists working in the field of environmental toxicology and
behavioural ecology and represented industry, government, NGOs and academia/research centres. Of the 166 respondents,
57% worked already with behavioural endpoints in ecotoxicology and/or ecology. The respondents agreed that contaminants
can (97%) and are impacting wildlife (77%), and can (84%) and are impacting humans (62%). Those responding to questions
about the impacts on humans resulted in more answers that were neutral or don’t know. Overall respondents believed
behavioural experiments to be repeatable (60%), reliable (61%) and relevant (84%), although those not studying behaviour
were more cautious in their answers. Respondents were more likely to be neutral when asked whether behavioural endpoints
are more sensitive (43%) but agreed (80%) that they provide important alternative information to standard endpoints. The
largest overall response was to disagree with the statement that behavioural endpoints are currently used in risk assessment
(42%) but the greatest proportion agreed they were essential (55%). The majority of respondents disagreed (63%) with the
statement that we understood the risks of contaminants to wildlife and human health. However, 68% agreed that regulatory
authorities should consider behavioural endpoints when making decisions over risk, with 78% of respondents agreeing this
would likely come with increased costs for regulators and/or industry. Interestingly, 54% agreed and 28% were neutral that
understanding the effects of contaminants on wildlife behaviour is critical to protecting human health. The largest proportion
of respondents disagreed (35%) or were neutral (30%) with the statement that behavioural are easily linked to standardised
apical endpoints and population-level effects. We discuss how this data could be used to further support our understanding and
confidence in the effects of contaminants on human and wildlife behaviour and the mechanisms by which they can be
incorporated into risk assessment and regulation.

1.04.A.T-02 Impact Of Environmentally Relevant Concentrations Of Fluoxetine On Zebrafish Larvae: From Gene To
Behavior
Daniela Veloso Correiat, Marina Bellot?, Eva Prats®, Cristian Gomez-Canela?, Hugo Moro*, Demetrio Raldua®, Ines
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Domingues®, Miguel Oliveira” and Melissa Diogo Faria®, (1)University of Aveiro, Portugal, (2)University Ramon LIull 1QS,
Spain, (3)CID-CSIC, Spain, (4)Institute for Environmental Assessment and Water Research, Spanish Research Council
(IDAEA-CSIC), Spain, (5)Environmental Toxicology, Institute for Environmental Assessment and Water Research, Spanish
Research Council (IDAEA-CSIC), Spain, (6)CESAM - Department of Biology, University of Aveiro, Portugal, (7)University of
Aveiro & Centre for Environmental and Marine Studies (CESAM), Portugal

The selective serotonin reuptake inhibitor class of antidepressants (SSRIs) are usually prescribed for treatment of depressive
states, acting at the level of the central nervous system, consequently affecting non-target organisms. Our work aimed to
investigate the influence of environmentally relevant fluoxetine concentrations (1 to 1000 ng/L) on Danio rerio development,
assessing both embryotoxicity and behavior, gene expression and neurotransmitter levels at larval stage. Exposure to fluoxetine
during early development accelerated embryo hatching, reduced larval size and increased heart rate. Behavioral impairments
(decreased startle response and increased larvae locomotor activity) were associated with effects on monoaminergic systems,
detected through the downregulation of key genes (vmat2, mao, tphla and th2) and with altered levels of neurochemicals
belonging to the serotonergic and dopaminergic systems (increased levels of tryptophan and norepinephrine and decrease in
3,4 dihydroxyphenylacetic acid levels). Overall, the results highlight the sensitivity of early life stages of Danio rerio to low
concentrations of fluoxetine, inducing effects that may compromise larval survival. The obtained data support the need to test
low concentrations of SSRI in environmental risk assessment and the use of biomarkers at different levels of biological
organization for a better understanding of modes of action.

1.04.A.T-03 Impacts of pharmaceuticals on animal behaviour: a systematic map of evidence and open access database
Jake Mitchell Martin®, Michael Grant Bertram?, Paul J. Blanchfield®, Jack Brand*, Tomas Brodin?, Bryan W. Brooks®, Daniel
Cerveny?, Kate Fergusson®, Malgorzata Lagisz®, Isaac Ligocki’, Lea Marie Lovin®, Marcus Michelangeli®, Shinichi
Nakagawa®, Shiho Ozeki'®, Natalia lvone Sandoval Herrera®!, Kendall Rose Scarlett®, Josefin Sundin®, Hung Tan®, Eli S.J.
Thoré?, Bob Wong* and Erin McCallum?, (1)Swedish University of Agricultural Sciences (SLU), Sweden, (2)Wildlife, Fish and
Environmental Studies, Swedish University of Agricultural Sciences (SLU), Sweden, (3)Fisheries and Oceans Canada,
Canada, (4)School of Biological Sciences, Monash University, Australia, (5)Environmental Science, Environmental Science &
Public Health, Baylor University, (6)University of New South Wales (UNSW), Australia, (7)Millersville University, United
States, (8)Environmental Science, Baylor University, (9)University of California San Francisco (UC San Francisco),
(10)School of Biological Sciences, Monash University, Melbourne, Australia, (11)Department of Wildlife, Fish, and
Environmental Studies, Swedish University of Agricultural Sciences (SLU), Sweden

Over the last decade, there has been a rapid resurgence of behaviour as a tool for assessing the impacts of emerging pollutants.
Behaviour is proposed as a particularly sensitive indicator for contaminant-induced impacts on non-target species—especially
compared to standard ecotoxicological endpoints; it can also act as a bridge, linking the immediate effects at the sub-
organismal level to broader, ecologically relevant outcomes at the population level. Despite this, behaviour is rarely used in a
regulatory context. Recently, there has been a concerted effort to integrate behavioural assessments into environmental
regulation and risk assessment. To make the most well-informed decisions during this critical integration process, there is an
urgent need for a systematic synthesis of currently available data. In essence, without knowing what we have done, how can
we best guide practice moving forward? Accordingly, our team employed a large-scale systematic evidence map approach to
identify, categorise, and visualise research detailing the effects of pharmaceuticals on the behaviour of aquatic animals. The
primary objective was to create a large open-access database on the impacts of pollution on animal behaviour for regulators
and researchers. In brief, we searched two electronic databases (Web of Science and Scopus) with an exhaustive search string
structure using a PECO framework. The resulting articles were screened in two stages, title and abstract, followed by full-text
screening. After removing duplicates, 5503 articles underwent title and abstract screening. In total, 1103 articles proceeded to
full-text screening and metadata extraction. The metadata taken from the articles centred around four themes: (1) species
information, (2) compound information, (3) behavioural measurements, and (4) quality criteria (based on the criteria for
reporting and evaluating ecotoxicity data). In total, 774 individual articles were included in our final database, representing
1472 individual compound-species assessments. There were 405 compounds and 170 species identified in our database,
representing over 1800 behavioural assays. During my presentation, | will use this new database to highlight current
knowledge gaps, overrepresented study systems, and areas currently well-suited for meta-analysis approaches.

1.04.A.T-04 EthoCRED: A Framework to Guide Reporting and Evaluation of the Relevance and Reliability of
Behavioural Ecotoxicity Studies

Michael Grant Bertram?, Marlene Agerstrand? and Tomas Brodin?, (1)Wildlife, Fish and Environmental Studies, Swedish
University of Agricultural Sciences (SLU), Sweden, (2)Stockholm University, Sweden

Behavioural analysis has been garnering significant attention as a broad indicator of sub-lethal toxicity, and has secured a place
as an important sub-discipline in ecotoxicology. One of the most notable characteristics of behavioural research, compared to
other established approaches in sub-lethal ecotoxicology (e.g. reproductive and developmental bioassays), is the wide range of
study designs being used and the diversity of endpoints considered. At the same time, environmental hazard and risk
assessment, which underpins regulatory decisions to protect the environment from potentially harmful chemicals, often
recommends that ecotoxicological data be produced following accepted and validated test guidelines. These guidelines
typically do not address behavioural changes, meaning that these, often sensitive, effects are not represented in hazard and risk
assessments. In this presentation, we propose a new tool, the EthoCRED evaluation method, for assessing the relevance and
reliability of behavioural ecotoxicity data, which considers the unique requirements and challenges encountered in this field.
This method, and accompanying reporting recommendations, are designed to serve as an extension of the ‘Criteria for
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Reporting and Evaluating Ecotoxicity Data (CRED)’ project. As such, EthoCRED can both accommodate the wide array of
experimental design approaches seen in behavioural ecotoxicology, and is able to be readily implemented into regulatory
frameworks in different jurisdictions to allow better integration of knowledge gained from behavioural testing into
environmental protection. Furthermore, through our reporting recommendations, we aim to improve the reporting of
behavioural studies in the peer-reviewed literature, and thereby increase their usefulness in chemicals regulation.

1.04.P-Tu001 Behavioral consequences through telomere shortening in wildlife birds living in a chronic exposure of
urban pollution

Matteo Schiavinato?, Shivani Ronanki?, Ignacio Miro Estruch®, David Spurgeon* and Nico van den Brink?, (1)Wageningen
University & Research (WUR), Netherlands, (2)Department of Toxicology, Wageningen University & Research (WUR),
Netherlands, (3)Toxicology, Wageningen University & Research (WUR), Netherlands, (4)UK Centre for Ecology & Hydrology
(UKCEH), United Kingdom

Urban pollution lead to oxidative stress. Telomeres (non-coding DNA at the end of the chromosomes) are particularly sensitive
to oxidative damage, since ROS (Reactive Oxygen Species) can accelerate their normal shortening in length due to aging.
Individual differences in telomere length are also associated with differences in behaviour: the shorter the telomeres, the more
nervous the animals are. A possible explanation for this link could reside in the “telomere position effect” (TPE), or rather the
silencing of the genes at the end of the chromosome by the spread of the telomeric heterochromatin. Therefore, the shorter a
telomere becomes, the more the closer genes are expressed. TPE could alter the phenotype according to senescence, regulating
the expression of specific genes involved in behaviour as the dopamine receptors. To test this hypothesis, we used a free living
bird, the blue tit (Cyanistes caeruleus), as model. We collected a blood sample at days 8 and 15 after hatching from nestlings in
artificial nest boxes along a gradient of air pollution, in order to assess their telomeric shortening during the juvenile phase.
The oxidative status of some subjects was experimentally manipulated through Polyinosinic:polycytidylic acid (Poly I:C), a
synthetic RNA that binds the Toll-like receptor 3 (TLR3) producing ROS. We have then studied the nestlings' behaviour in the
bold-shy continuum in relation to their telomere shortening, through an open-field test we designed. Chicks raised from nests
in the most polluted area expressed higher telomere loss compared to those in the less polluted zone. The treated individuals
with Poly I:C showed accelerate telomere shortening compared to those who received a saline solution, potentially indicating a
causal role of ROS in telomeric loss. Finally, the rate of individual’s telomere shortening correlated with its agitation and bold
personality. Our study provides support for an association between air pollution and telomeric loss, and for a relation between
telomere shortening and personality traits. Our finding calls into question the role of telomere length in behavioural
modulation, and we hypothesize that the mechanism of action may reside in the TPE. We hypothesize the adverse outcome
pathways (AOP) for which chronic exposure to urban pollution may alter animal personality, through a different expression of
genes that regulate behaviour by the telomere position effect, triggered by ROS-induced telomere shortening.

1.04.P-Tu002 Exploring the Effects of Two Surface Coatings on Titanium Dioxide Nanoparticles in **Danio rerio"
Embryos

Maério Araujo?, Elza Fonseca?, Elizabeth Bigorra-Ferré?, Carla Ferreira Melo?, Sergio Fernandez-Boo?, Laura Rodriguez-
Lorenzo®, Miguel Oliveira® Vitor Vasconcelos'®, Begoiia Espina® and Alexandre Campos?, (1)University of Porto,
Interdisciplinary Centre of Marine and Environmental Research (CIIMAR), Portugal, (2)University of Aveiro, Portugal,
(3)Water Quality Group, International Iberian Nanotechnology Laboratory (INL), Portugal, (4)University of Aveiro & Centre
for Environmental and Marine Studies (CESAM), Portugal, (5)Department of Biology, Faculty of Sciences, University of
Porto, Portugal, (6)International Iberian Nanotechnology Laboratory, Portugal

The environmental safety of titanium dioxide nanoparticles (TiO2 NPs) is under increasing debate. Previous works showed that
TiO2 NPs with a primary size of 5 and 25 nm induce hepatocyte ultrastructural alterations, along with metabolic alterations,
inflammation, and oxidative stress in fish. However, these effects depend on several variables, such as average particle size,
route of exposure, and sensitivity/resistance of the model organism. Since the type of surface coating is also reported to affect
the biological response of NPs, in the present work, we studied alterations induced by 45 nm TiO, NPs exposure with two
different coatings [sodium citrate and N-(trimethoxysilylpropyl)ethylenediamine, triacetic acid (EDTA-silane)] using Danio
rerio embryos. Three trials were performed to study (i) developmental effects (inc. hatching, length, and malformations), (ii)
behaviour (inc. swimming distance and responses to light/dark transitions), and (iii) gene expression (alterations of genes
involved in the regulation of oxidative stress - CAT and SOD, immune responses and inflammation - NFKB1 and PPARab,
and lipid metabolism - ACOX1, CPT1ab, PPARab, HADH, and ELOVLS5). The concentrations tested ranged between 5 and
200 mg TiO2 NPs/L.

Overall, the exposure to 45 nm TiO, NPs with the two tested coatings induced relatively low harmful effects on D. rerio
embryos regarding early life development. However, gene expression alterations were observed to depend on the type of
surface coatings. Genes related to lipid metabolism (HADH and ELOVLS5), oxidative stress (SOD), and immune response
(NFKBL1) are differentially modulated by the type of coating, with EDTA-silane inducing more alterations (mostly down-
regulation of genes) than sodium citrate. Besides, behavioural alterations (swimming distance and inactivity) were detected,
suggesting more stress on organisms exposed to the EDTA-silane-coated than the citrate-coated TiO, NPs.

While waterborne exposure to 45 nm TiO2 NPs may seem relatively less toxic to aquatic organisms when compared to other
lower-sized NPs, some surface coatings may increase their reactivity and interaction with (bio)molecules, and the overall
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toxicity to aquatic organisms. Given the immense range of parameters reported to affect the biological response to engineered
nanomaterials exposure, general assumptions on nanoparticle safety/toxicity should be taken carefully.

1.04.P-Tu012 Effects of Acute 6PPD-Quinone Exposure on Swimming Performance and Aerobic Metabolism in
Juvenile Lake Trout (Salvelinus namaycush)

Summer Selinger?, Markus Hecker?, Steve Wiseman?®, Lynn Weber?, David M. Janz* and Markus Brinkmann®, (1)University of
Saskatchewan, Canada, (2)Toxicology Centre and School of the Environment and Sustainability, University of Saskatchewan,
Canada, (3)University of Lethbridge, Canada, (4)Western College of Veterinary Medicine and Toxicology Centre, University
of Saskatchewan, Canada, (5)Toxicology Centre, University of Saskatchewan, Canada
N-(1,3-Dimethylbutyl)-N’-phenyl-p-phenylenediamine-quinone (6PPD-quinone) is a transformation product of the most
widely used rubber tire antioxidant, 6PPD. Commonly found in road-way runoff, a variety of studies have reported this
compound to cause acute lethality in several salmonid species at roughly < 1 pug/L, including lake trout (Salvelinus namaycush;
24 h LCso = 0.51 pg/L). However, there is currently a lack of research targeted at understanding sublethal toxicities of 6PPD-
quinone exposure, particularly on swimming performance. Sensitive species show characteristic symptoms including gasping,
spiraling, increased ventilation, loss of equilibrium and impaired swimming ability, suggesting a possible impact on
cardiometabolic physiology. To evaluate potential effects of 6PPD-quinone on swimming performance and aerobic
metabolism, juvenile lake trout were exposed to nominal aqueous concentrations of 0 or 0.5 pg/L in a swim tunnel
respirometer for 20 hours to assess temporal changes in standard metabolic rate (SMR) compared to unexposed controls.
Following exposure, fish underwent a swim trial to determine critical swim speed (Ucit), 0Xygen consumption (MO,), active
metabolic rate (AMR), aerobic scope (AS) and energetic cost of transport (COT). After conducting the swim trial, fish were
euthanized, and concentrations of muscle triglycerides and glycogen were determined. Preliminary data show that 6PPD-
quinone exposure does not significantly impact oxygen consumption rates or energetic cost of transport during a critical swim
test. In contrast, exposure appeared to cause a significant decrease in critical swim speed and active metabolic rate, providing
evidence of altered metabolism. These results suggest that aqueous 6PPD-quinone exposure at environmentally relevant
concentrations produces adverse effects that can diminish endurance and maximum swim speeds, which may affect survival of
fish populations. This is the first study to analyze the toxicity of 6PPD-quinone on the swimming performance of fishes of
commercial, cultural, and ecological importance and provides urgently needed information for environmental risk assessments
of this emerging contaminant of concern.

1.04.B Behavioural Toxicology: Methodologies and Research Needs

1.04.B.T-01 Environmental Concentrations of Tire Rubber-Derived 6PPD-Quinone Alter CNS Function in Zebrafish
Larvae

Demetrio Raldua?, Marina Ricarte?, Eva Prats®, Nicola Montemurro*, Juliette Bedrossiantz!, Marina Bellot® and Cristian
Gomez-Canela®, (1)Environmental Toxicology, Institute for Environmental Assessment and Water Research, Spanish Research
Council (IDAEA-CSIC), Spain, (2)Institute for Environmental Assessment and Water Research, Spanish Research Council
(IDAEA-CSIC), Spain, (3)CID-CSIC, Spain, (4)Department of Environmental Chemistry, Institute for Environmental
Assessment and Water Research, Spanish Research Council (IDAEA-CSIC), Spain, (5)University Ramon Llull 1QS, Spain,
(6)School of Engineering, Institut Quimic de Sarria-Universitat Ramon Llull, Spain
N-(1,3-Dimethylbutyl)-N’-phenyl-p-phenylenediamine quinone (6PPD-quinone) is a degradation product of 6PPD, an
antioxidant widely used in rubber tires. 6PPD-quinone enters aquatic ecosystems through urban stormwater runoff and has
been identified as the chemical behind the urban runoff mortality syndrome in coho salmon. However, the available data
suggest that the acute effects of 6PPD-quinone are restricted to a few salmonid species and that the environmental levels of this
chemical should be safe for most fish. In this study, larvae of a “tolerant” fish species, Danio rerio, were exposed to three
environmental concentrations of 6PPD-quinone for only 24 h, and the effects on exploratory behavior, escape response,
nonassociative learning (habituation), neurotransmitter profile, wake/sleep cycle and circadian rhythm were analyzed.
Exposure to the two lowest concentrations of 6PPD-quinone resulted in altered exploratory behavior and habituation, an effect
consistent with some of the observed changes in the neurotransmitter profile, including increased levels of acetylcholing,
norepinephrine, epinephrine and serotonin. Moreover, exposure to the highest concentration tested altered the wake/sleep cycle
and the expression of perla, per3 and cry3a, circadian clock genes involved in the negative feedback loop. The results of this
study emphasize the need for further studies analyzing the effects of 6PPD-quinone in “tolerant” fish species.

1.04.B.T-02 Comparative Assessment of the Behavioral Responses in Local Amphipod Species to Anthropogenic
Stressors

Laura Johanna Soose?!, J6rg Oehlmann?®, Andreas Schiwy?, Henner Hollert? and Jonas Jourdan?, (1)Aquatic Ecotoxicology,
Goethe University Frankfurt, Germany, (2)Evolutionary ecology and environmental toxicology, Goethe University Frankfurt,
Germany

Chemical pollution is increasing and one of the main drivers of biodiversity loss. Current methods for chemical risk assessment
could be insufficient to detect subtle threats to biodiversity. Behavioral ecotoxicology offers the potential to detect adverse
effects at environmentally relevant and sublethal concentration ranges. The lack of standardization is a major drawback for the
use of behavioral endpoints in chemical regulation. To achieve standardization and incorporate environmental realism, it is
important to establish stronger connections between ecological and ecotoxicological research. This can be accomplished, for
example, by examining the interactions of local keystone species with realistic stressors. Anthropogenic environmental
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stressors arise from various sources, such as diffuse inputs from agriculture that occur as event-related pulsed inputs following
heavy rain events. Also point sources like wastewater treatment plants are relevant, causing continuous release of pollutants
like pharmaceuticals and personal care products into aquatic systems. For both input pathways we developed behavioral assays
using several local amphipod species with an optical behavior monitoring tool.

Our first test scenario represents pulsed pollutant exposure by tracking the behavioral response of the test organisms
immediately after exposing them to stressors for 2 hours. First, we worked with G. pulex, a commonly used amphipod in
ecotoxicology. We found that pesticides induced a more pronounced response than pharmaceutical compounds. We assumed
that G. pulex might have some kind of familiarization effect due to its sampling location. Consequently, we expanded our
species portfolio to the four most common local species. We found that species that are naive to pollutant exposure reacted
most strongly to pulsed exposure. In our second test scenario we focused on the effect of pre-exposure and the resulting
behavioral response to light stimuli: We used a light-dark transition tests and were again able to identify differences between
the local amphipods. With both behavioral assays, we can demonstrate the benefits of behavioral ecotoxicology and contribute
to the debate on standardization.

1.04.B.T-03 Sensitive Behavioural Endpoints and Generational Effects in Daphnia magna Upon Acute and Chronic
Toxicity Testing

Vanessa Saalmann, Kirsten Germing and Lena Kosak, Ecotoxicology, Fraunhofer Institute for Molecular Biology and
Applied Ecology (IME), Germany

The crustacean Daphnia magna is a widely used model organism in ecotoxicological testing. So far, according to the OECD
guidelines 202 and 211, immobility and reproduction are the main endpoints used for the determination of toxicity. Recent
studies show, that sublethal concentrations of chemicals can result in behavioral changes in daphnids, which are not assessed in
current guideline testing. Since these behavioral changes can have an effect on population-relevant traits of daphnids and
therefore may affect the aquatic food chain, their implementation is of major importance.

Behavioural endpoints addressing the locomotor activity, phototaxis and chemotaxis of D. magna were tested in a 48-hour
acute test as well as a 21-day chronic reproduction test (Fo and F1 generation) with the neurologically active insecticides
imidacloprid, thiacloprid and fipronil. All have shown to cause alterations in swimming behaviour in sublethal concentration
ranges and the behavioral parameters appear to be more sensitive than the classical endpoints immobilization and reproduction.

The data was evaluated under the aspect of the respective mode of action of the insecticides and according to the applicability
of the behavioural endpoints allowing a predictability of substance effects. NOEC values for the behavioural parameters for all
insecticides could be determined and an overview over the behavioural endpoints could be obtained regarding the sensitivity
and reproducibility.

During the acute tests, the phototactic behaviour appeared to be the most sensitive parameter for imidacloprid and thiacloprid
and the activity time for fipronil. During the chronic exposure tests, insights in behavioural changes of D. magna during
development could be gained as well as the most sensitive parameters could be suggested. The phototactic behaviour seems to
be the most sensitive parameter for imidacloprid at 48 hours and 7 days, the locomotor activity for thiacloprid and fipronil. The
data of the F; generation born under exposure was compared to the data of the Fo generation and the data from the acute
behavioural tests. The F1 generation has shown to be more sensitive under neonicotinoid exposure and did not show recovery
during 48 hours without exposure. For the F; generation born under neonicotinoid exposure, the phototactic behaviour and
locomotor activity were the most sensitive parameters, while no significant sensitivity could be shown for F; daphnids born
under fipronil exposure.

1.04.B.T-04 A method for assessing thermal preference and locomotion of a soil arthropod, Folsomia candida and its
application in ecotoxicology

Jian Ge?, Jesper Givskov Sgrensen?, Stine Slotsho! and Martin Holmstrup?, (1)Department of Ecoscience, Aarhus University,
Denmark, (2)Department of Biology, Aarhus University, Denmark

Conventional physiological endpoints like survival and reproduction are useful for environmental risk assessment (ERA)
because they link directly to population dynamics, however, chemicals may also affect more subtle traits at low environmental
concentrations, for example the behaviour of organisms. The behaviour of springtails is important for their persistence,
ecological roles in decomposition and critical to survive extreme thermal conditions. However, standardised methods for
assessing behavioural response of springtails to temperature or/and chemical exposure is lacking. This study aimed to
investigate the thermal preference and locomotive response to temperature of springtails Folsomia candida under Cu
contamination. We hypothesized that springtails would be behaviourally responsive to temperature and that Cu contamination
can alter thermal preference and compromise mobility of springtails. Soils contaminated with three Cu levels (ca. 40, 400 and
1500 mg/kg dry soil) were collected from a former timber preservation industry at Hygum, Denmark. Age-synchronized
springtails were exposed to the three exposure levels in Hygum soil for 3 weeks. In the thermal preference study, springtails
were placed in the centre of rectangular arenas with a temperature gradient from 0 to 50 °C and the distribution were recorded
after 5, 15, 30 and 60 mins. In the locomotion test, springtail was placed on a petri dish (diameter: 30 mm) at temperatures of
10, 15, 20, 25, 30, 33, 36, 40, 43 and 45 °C for 40 mins and the maximum velocity (Vmax), jumping intensity (Jin)), jJumping
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counts (Jse) and other locomotion parameters were calculated. Our results showed that the majority of springtails were able to
adjust body temperature by moving along the temperature gradient to a preferred benign temperature, while few of them were
trapped at thermal extremes. Cu exposure shifted the thermal preference of springtails and increased the risk of being trapped
in the warm region of the arenas. Vmax and Jie also demonstrated unimodal relationship with temperature and was reduced by
Cu exposure at high temperature. High Vimax and Jse matching with low occurrence at high temperature was possibly an
escaping strategy for springtails. Increased Jin: induced by extremely high temperature or Cu exposure suggested alterations in
movement pattern. We conclude that assessment of toxic effects on thermal preference and locomotion is feasible and may be
a valuable early-warning system for ERA.

1.04.P-Tu003 Is Disrupted Reproductive Behaviour Population-Relevant?

Charles Hazlerigg®, Alice Tagliati*, Laurent L.-M. Lagadic?, Edward Salinas? and Thomas G Preuss?, (1)Enviresearch Ltd.,
United Kingdom, (2)Bayer AG - Crop Science Division, Germany

Plant Protection Products and Biocides that are classified as EDCs will no longer be approved for use in the EU. Recently,
there has been a growing interest in behavioural endpoints as EDCs have been shown to alter fish reproductive behaviours.
Furthermore, environmental assessments are focussed on protection of wild populations, not individual organisms. Population
models provide the potential to explore the population relevance of chemically-induced changes in individual behaviour. Here
we present a study using a stickleback IBM to explore the population response to EDC-induced changes in reproductive
behaviour; nesting and courtship behaviour.

After a 3-year spin-up period to stabilise the modelled stickleback population, hypothetical chemical effects were imposed
disrupting the nesting and courtship behaviour of male stickleback. The behaviours were disrupted at four magnitudes: 10, 20,
50 and 90%. The effects were imposed continuously for 10 years. For each scenario, 70 simulations were performed. The
population (abundance and biomass) response was evaluated across the entire 10 year effect period. The evaluation criteria
used to determine an adverse population effect were taken from the recent EFSA Birds & Mammals guidance.

10 and 20% disruption in courtship behaviour did not lead to any adverse effects on the stickleback population. 50% disruption
in courtship behaviour did lead to an observable reduction in abundance and biomass, whist 90% disruption in courtship
behaviour almost led to population extinction within the 10 years. Meanwhile, no population effects were observed following
disruption of nesting behaviour at any of the four testing magnitudes of effect (data not shown). When comparing with effects
on fecundity and sex ratio (male skew), the stickleback population was shown to be less sensitive to disruption of nesting and
courtship behaviour.

Here we demonstrate how models can be used to assess the population relevance of disrupted behaviour observed in laboratory
studies. Disruption of different behaviours have different population relevance. Results also show that other endpoints may be
more relevant for population level assessment, making behavioural endpoints an indicator of endocrine activity rather than
adversity in terms of the regulatory criteria.

1.04.P-Tu004 A Multifactorial Environmental Stressors Approach: Chironomus riparius Exposed to Sulfoxaflor with
Presence of Predator Cues and Increased Temperature

Sofie Bruun Rasmussen?, Thijs Bosker?, S. Henrik Barmentlo?, Olof Berglund® and Martina G. Vijver?, (1)Leiden University,
Netherlands, (2)Institute of Environmental Sciences (CML), Leiden University, Netherlands, (3)Lund University, Sweden
Growing evidence suggests that standard toxicity testing might underestimate the environmental risk of neurotoxic insecticides
by not accounting for potential sublethal effects. Behavioural endpoints such as locomotion and mobility have been suggested
as both sensitive and ecologically relevant alternatives to the standard tested endpoints to predict sublethal effects more
accurately. Additionally, low levels of environmental realism in conventional toxicity testing raise concerns, as possible
synergistic effects of a chemical and additional stressors are typically overlooked in standard risk assessment. Therefore, we
aimed to investigate how concurrent exposure to environmental stressors and a nicotinic acetylcholine receptor (nAChR)-
modulating insecticide (‘sulfoxaflor’) impact Chironomus riparius across a wide range of conventional and non-conventional
responses.

To this end, a multifactorial experimental design encompassing three stressors, sulfoxaflor (at six different concentrations),
predation risk (presence/absence of predatory cues), and temperature stress (20°C and 23°C), was used, yielding a total of 24
distinct treatment conditions. To assess potential additive effects, we applied the Independent Action (IA) model to predict the
impact on eight endpoints, including standard endpoints (e.g., growth, survival, and emergence) and less conventional
endpoints (e.g., swimming abilities and exploration behaviour). For the standard endpoints, observed effects were either lower
than expected or well-predicted by the 1A model. In contrast, we found synergistic effects of predation cues and temperature in
combination with sulfoxaflor on adult size and larval exploration behaviour. Furthermore, the results indicated synergistic
effects on larval swimming velocity between sulfoxaflor and increased temperature but not when combined with predation
cues.

In conclusion, the results show that the total emergence of C. riparius is sensitive to the effects of sulfoxaflor, confirming their
importance for standard ecotoxicity testing. However, we also found that conventional endpoints such as emergence, mortality,
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and growth do not pick up on possible synergistic effects between the neurotoxic insecticide and important environmental
stressors: predation cues and increased temperature. Awareness of this disparity will be critical for future studies and to
improve risk assessment.

1.04.P-Tu005 Effects of Chemical Stresses on the Freshwater Mussel Dreissena polymorpha’s Crawling Behaviour
Nicolas Berthelot?, Melissa Palos Ladeiro Dr.}, Mathilde Orquevaux? and Alain Geffard Pr, (1)UMR-I 02 Sebio, University
of Reims Champagne-Ardenne (URCA), France, (2)Direction de I’Eau et de I’ Assainissement, Communauté urbaine du Grand
Reims, France

Bivalves are relevant organisms in which it can be measured biological responses (biomarkers) for water toxicity assessment.
In this context the freshwater zebra mussel, Dreissena polymorpha, is a widespread sentinel species. Behaviors are known as
biomarkers offering early responses to stresses. In bivalves there are many methods based on valvometry measurement (valves
closures). But in D. polymorpha the other behaviors, as crawling, are largely under-researched. So, the present work aims to
answer the question: can the locomotion be modulated by chemical stress in zebra mussels? Experiments was conducted in
laboratory on young (10-15 mm) mussels. It consists of seven separately exposures (7 days) to copper, lead, triclosan,
metformin, fluoxetin, and ofloxacin at 0; 1; 10; 100 and 1.000 ug/L, and to chlorpyrifos at 0; 0,1; 1; 10 and 100 pg/L. After the
exposure step the crawling of mussels for each chemical condition is recording by video tracking. Significantly lower distances
were registered in organisms exposed to 100 and 1.000 pg/L of copper with a mean individual distance of 19.22 mm for 0 pg/L
but only35 mm and 0.88 mm for 100 and 1.000 pg/L respectively. The mobility rate (number of mussels which have moved) is
also significantly linked to the concentration, with 13 unmoving mussels for O pg/L and 25 unmoving mussels for 1000 pg/L.
These results could be explain by the fact that copper is a biocide and it is attested as decreasing mobility in other bivalves. For
fluoxetine exposure, mean individual distance is 12.63 mm for 0 pg/L exposed mussels while it is significantly higher (26.38
mm and 33.60 mm respectively) for 100 and 1.000 pg/L. The mobility rate did not depend on fluoxetine concentration. The
increased crawling distances could be result from a stimulant effect of the fluoxetine regarding the mode of action of this
pharmaceutical which is a selective inhibitor of the serotonin reuptake. To complete the discussion about present results with
copper and fluoxetine other parameters as speed or delay before crawling can be used for describe the mobility. This work is in
our knowledge the first evidences of chemical exposures effects on the locomotion in D. polymorpha. These present results
show that D. polymorpha locomotion can be modulate under a chemical stress by increasing as well as decreasing traveled
distances, showing a promitting potential for crawling as futur tool in biomonitoring.

1.04.P Behavioural Toxicology: Methodologies and Research Needs

1.04.P-Tu001 Behavioral consequences through telomere shortening in wildlife birds living in a chronic exposure of
urban pollution

Matteo Schiavinato?, Shivani Ronanki?, Ignacio Miro Estruch®, David Spurgeon* and Nico van den Brink?, (1)Wageningen
University & Research (WUR), Netherlands, (2)Department of Toxicology, Wageningen University & Research (WUR),
Netherlands, (3)Toxicology, Wageningen University & Research (WUR), Netherlands, (4)UK Centre for Ecology & Hydrology
(UKCEH), United Kingdom

Urban pollution lead to oxidative stress. Telomeres (hon-coding DNA at the end of the chromosomes) are particularly sensitive
to oxidative damage, since ROS (Reactive Oxygen Species) can accelerate their normal shortening in length due to aging.
Individual differences in telomere length are also associated with differences in behaviour: the shorter the telomeres, the more
nervous the animals are. A possible explanation for this link could reside in the “telomere position effect” (TPE), or rather the
silencing of the genes at the end of the chromosome by the spread of the telomeric heterochromatin. Therefore, the shorter a
telomere becomes, the more the closer genes are expressed. TPE could alter the phenotype according to senescence, regulating
the expression of specific genes involved in behaviour as the dopamine receptors. To test this hypothesis, we used a free living
bird, the blue tit (Cyanistes caeruleus), as model. We collected a blood sample at days 8 and 15 after hatching from nestlings in
artificial nest boxes along a gradient of air pollution, in order to assess their telomeric shortening during the juvenile phase.
The oxidative status of some subjects was experimentally manipulated through Polyinosinic:polycytidylic acid (Poly I:C), a
synthetic RNA that binds the Toll-like receptor 3 (TLR3) producing ROS. We have then studied the nestlings' behaviour in the
bold-shy continuum in relation to their telomere shortening, through an open-field test we designed. Chicks raised from nests
in the most polluted area expressed higher telomere loss compared to those in the less polluted zone. The treated individuals
with Poly I:C showed accelerate telomere shortening compared to those who received a saline solution, potentially indicating a
causal role of ROS in telomeric loss. Finally, the rate of individual’s telomere shortening correlated with its agitation and bold
personality. Our study provides support for an association between air pollution and telomeric loss, and for a relation between
telomere shortening and personality traits. Our finding calls into question the role of telomere length in behavioural
modulation, and we hypothesize that the mechanism of action may reside in the TPE. We hypothesize the adverse outcome
pathways (AOP) for which chronic exposure to urban pollution may alter animal personality, through a different expression of
genes that regulate behaviour by the telomere position effect, triggered by ROS-induced telomere shortening.

1.04.P-Tu002 Exploring the Effects of Two Surface Coatings on Titanium Dioxide Nanoparticles in "'Danio rerio"
Embryos

Mario Araujo?, Elza Fonseca?, Elizabeth Bigorra-Ferré?, Carla Ferreira Melo?, Sergio Fernandez-Boo?, Laura Rodriguez-
Lorenzo®, Miguel Oliveira®, Vitor Vasconcelos®, Begofia Espina® and Alexandre Campos?, (1)University of Porto,
Interdisciplinary Centre of Marine and Environmental Research (CIIMAR), Portugal, (2)University of Aveiro, Portugal,
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(3)Water Quality Group, International Iberian Nanotechnology Laboratory (INL), Portugal, (4)University of Aveiro & Centre
for Environmental and Marine Studies (CESAM), Portugal, (5)Department of Biology, Faculty of Sciences, University of
Porto, Portugal, (6)International Iberian Nanotechnology Laboratory, Portugal

The environmental safety of titanium dioxide nanoparticles (TiO2 NPs) is under increasing debate. Previous works showed that
TiO2 NPs with a primary size of 5 and 25 nm induce hepatocyte ultrastructural alterations, along with metabolic alterations,
inflammation, and oxidative stress in fish. However, these effects depend on several variables, such as average particle size,
route of exposure, and sensitivity/resistance of the model organism. Since the type of surface coating is also reported to affect
the biological response of NPs, in the present work, we studied alterations induced by 45 nm TiO, NPs exposure with two
different coatings [sodium citrate and N-(trimethoxysilylpropyl)ethylenediamine, triacetic acid (EDTA-silane)] using Danio
rerio embryos. Three trials were performed to study (i) developmental effects (inc. hatching, length, and malformations), (ii)
behaviour (inc. swimming distance and responses to light/dark transitions), and (iii) gene expression (alterations of genes
involved in the regulation of oxidative stress - CAT and SOD, immune responses and inflammation - NFKB1 and PPARab,
and lipid metabolism - ACOX1, CPT1ab, PPARab, HADH, and ELOVLS5). The concentrations tested ranged between 5 and
200 mg TiO2 NPs/L.

Overall, the exposure to 45 nm TiO, NPs with the two tested coatings induced relatively low harmful effects on D. rerio
embryos regarding early life development. However, gene expression alterations were observed to depend on the type of
surface coatings. Genes related to lipid metabolism (HADH and ELOVLS5), oxidative stress (SOD), and immune response
(NFKBL1) are differentially modulated by the type of coating, with EDTA-silane inducing more alterations (mostly down-
regulation of genes) than sodium citrate. Besides, behavioural alterations (swimming distance and inactivity) were detected,
suggesting more stress on organisms exposed to the EDTA-silane-coated than the citrate-coated TiO, NPs.

While waterborne exposure to 45 nm TiO2 NPs may seem relatively less toxic to aquatic organisms when compared to other
lower-sized NPs, some surface coatings may increase their reactivity and interaction with (bio)molecules, and the overall
toxicity to aquatic organisms. Given the immense range of parameters reported to affect the biological response to engineered
nanomaterials exposure, general assumptions on nanoparticle safety/toxicity should be taken carefully.

1.04.P-Tu003 Is Disrupted Reproductive Behaviour Population-Relevant?

Charles Hazlerigg, Alice Tagliati®, Laurent L.-M. Lagadic?, Edward Salinas? and Thomas G Preuss?, (1)Enviresearch Ltd.,
United Kingdom, (2)Bayer AG - Crop Science Division, Germany

Plant Protection Products and Biocides that are classified as EDCs will no longer be approved for use in the EU. Recently,
there has been a growing interest in behavioural endpoints as EDCs have been shown to alter fish reproductive behaviours.
Furthermore, environmental assessments are focussed on protection of wild populations, not individual organisms. Population
models provide the potential to explore the population relevance of chemically-induced changes in individual behaviour. Here
we present a study using a stickleback IBM to explore the population response to EDC-induced changes in reproductive
behaviour; nesting and courtship behaviour.

After a 3-year spin-up period to stabilise the modelled stickleback population, hypothetical chemical effects were imposed
disrupting the nesting and courtship behaviour of male stickleback. The behaviours were disrupted at four magnitudes: 10, 20,
50 and 90%. The effects were imposed continuously for 10 years. For each scenario, 70 simulations were performed. The
population (abundance and biomass) response was evaluated across the entire 10 year effect period. The evaluation criteria
used to determine an adverse population effect were taken from the recent EFSA Birds & Mammals guidance.

10 and 20% disruption in courtship behaviour did not lead to any adverse effects on the stickleback population. 50% disruption
in courtship behaviour did lead to an observable reduction in abundance and biomass, whist 90% disruption in courtship
behaviour almost led to population extinction within the 10 years. Meanwhile, no population effects were observed following
disruption of nesting behaviour at any of the four testing magnitudes of effect (data not shown). When comparing with effects
on fecundity and sex ratio (male skew), the stickleback population was shown to be less sensitive to disruption of nesting and
courtship behaviour.

Here we demonstrate how models can be used to assess the population relevance of disrupted behaviour observed in laboratory
studies. Disruption of different behaviours have different population relevance. Results also show that other endpoints may be
more relevant for population level assessment, making behavioural endpoints an indicator of endocrine activity rather than
adversity in terms of the regulatory criteria.

1.04.P-Tu004 A Multifactorial Environmental Stressors Approach: Chironomus riparius Exposed to Sulfoxaflor with
Presence of Predator Cues and Increased Temperature

Sofie Bruun Rasmussen?, Thijs Bosker?, S. Henrik Barmentlo?, Olof Berglund® and Martina G. Vijver?, (1)Leiden University,
Netherlands, (2)Institute of Environmental Sciences (CML), Leiden University, Netherlands, (3)Lund University, Sweden
Growing evidence suggests that standard toxicity testing might underestimate the environmental risk of neurotoxic insecticides
by not accounting for potential sublethal effects. Behavioural endpoints such as locomotion and mobility have been suggested
as both sensitive and ecologically relevant alternatives to the standard tested endpoints to predict sublethal effects more
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accurately. Additionally, low levels of environmental realism in conventional toxicity testing raise concerns, as possible
synergistic effects of a chemical and additional stressors are typically overlooked in standard risk assessment. Therefore, we
aimed to investigate how concurrent exposure to environmental stressors and a nicotinic acetylcholine receptor (nAChR)-
modulating insecticide (‘sulfoxaflor’) impact Chironomus riparius across a wide range of conventional and non-conventional
responses.

To this end, a multifactorial experimental design encompassing three stressors, sulfoxaflor (at six different concentrations),
predation risk (presence/absence of predatory cues), and temperature stress (20°C and 23°C), was used, yielding a total of 24
distinct treatment conditions. To assess potential additive effects, we applied the Independent Action (IA) model to predict the
impact on eight endpoints, including standard endpoints (e.g., growth, survival, and emergence) and less conventional
endpoints (e.g., swimming abilities and exploration behaviour). For the standard endpoints, observed effects were either lower
than expected or well-predicted by the 1A model. In contrast, we found synergistic effects of predation cues and temperature in
combination with sulfoxaflor on adult size and larval exploration behaviour. Furthermore, the results indicated synergistic
effects on larval swimming velocity between sulfoxaflor and increased temperature but not when combined with predation
cues.

In conclusion, the results show that the total emergence of C. riparius is sensitive to the effects of sulfoxaflor, confirming their
importance for standard ecotoxicity testing. However, we also found that conventional endpoints such as emergence, mortality,
and growth do not pick up on possible synergistic effects between the neurotoxic insecticide and important environmental
stressors: predation cues and increased temperature. Awareness of this disparity will be critical for future studies and to
improve risk assessment.

1.04.P-Tu005 Effects of Chemical Stresses on the Freshwater Mussel Dreissena polymorpha’s Crawling Behaviour
Nicolas Berthelot!, Melissa Palos Ladeiro Dr.}, Mathilde Orquevaux? and Alain Geffard Pr?, (1)UMR-1 02 Sebio, University
of Reims Champagne-Ardenne (URCA), France, (2)Direction de I’Eau et de I’Assainissement, Communauté urbaine du Grand
Reims, France

Bivalves are relevant organisms in which it can be measured biological responses (biomarkers) for water toxicity assessment.
In this context the freshwater zebra mussel, Dreissena polymorpha, is a widespread sentinel species. Behaviors are known as
biomarkers offering early responses to stresses. In bivalves there are many methods based on valvometry measurement (valves
closures). But in D. polymorpha the other behaviors, as crawling, are largely under-researched. So, the present work aims to
answer the question: can the locomotion be modulated by chemical stress in zebra mussels? Experiments was conducted in
laboratory on young (10-15 mm) mussels. It consists of seven separately exposures (7 days) to copper, lead, triclosan,
metformin, fluoxetin, and ofloxacin at 0; 1; 10; 100 and 1.000 pg/L, and to chlorpyrifos at 0; 0,1; 1; 10 and 100 pg/L. After the
exposure step the crawling of mussels for each chemical condition is recording by video tracking. Significantly lower distances
were registered in organisms exposed to 100 and 1.000 ug/L of copper with a mean individual distance of 19.22 mm for 0 pg/L
but only35 mm and 0.88 mm for 100 and 1.000 ug/L respectively. The mobility rate (number of mussels which have moved) is
also significantly linked to the concentration, with 13 unmoving mussels for 0 pg/L and 25 unmoving mussels for 1000 ug/L.
These results could be explain by the fact that copper is a biocide and it is attested as decreasing mobility in other bivalves. For
fluoxetine exposure, mean individual distance is 12.63 mm for 0 pug/L exposed mussels while it is significantly higher (26.38
mm and 33.60 mm respectively) for 100 and 1.000 pg/L. The mobility rate did not depend on fluoxetine concentration. The
increased crawling distances could be result from a stimulant effect of the fluoxetine regarding the mode of action of this
pharmaceutical which is a selective inhibitor of the serotonin reuptake. To complete the discussion about present results with
copper and fluoxetine other parameters as speed or delay before crawling can be used for describe the mobility. This work is in
our knowledge the first evidences of chemical exposures effects on the locomotion in D. polymorpha. These present results
show that D. polymorpha locomotion can be modulate under a chemical stress by increasing as well as decreasing traveled
distances, showing a promitting potential for crawling as futur tool in biomonitoring.

1.04.P-Tu006 Chronic Exposure of Environmentally Relevant Concentration of Tire Derived Chemical Causes Anxiety-
like Behavior and Memory Deficits in Adult Zebrafish

Hohyun Jin and Kitae Kim, Seoul National University of Science and Technology, Korea, Republic of (South)

The presence of 2-((4-Methylpentan-2-yl)amino)-5-(phenylamino)cyclohexa-2,5-diene-1,4-dione(6PPDQ), an oxidation
product of the tire antioxidant N-(1,3-Dimethylbutyl)-N'-phenyl-p-phenylenediamine (6PPD), has been known as the causative
substance for a syndrome of mass mortality in Coho salmon before spawning in the northwestern United States[1].
Furthermore, tire-derived chemical have been found to exert a wide range of toxic effects on various species of fish. And these
studies reported abnormal behavior such as ventilation failure, gasping, spiraling, and loss of equilibrium [2]. We
hypothesized that these fish’s behaviors were induced due to neurotoxicity, and we assess changes in neurobehaviors in adult
zebrafish after chronic exposure to them at environmentally relevant concentrations. And neurosteroid analysis was conducted
to unravel the underlying neurotoxicity mechanism.

Overall, we demonstrated the commonality in potential neurotoxicity of 6PPD and 6PPDQ as confirmed by neurobehavior
assessment and neurosetorid analysis. Even taking into account the difference exposure methods and durations, both 6PPD and
6PPDQ casued anxiety-like behaviors in NTT assay and did not memory and learning deficits in T-maze test. Also, it is
highlighted that profiles of neurosteroids affected by both 6PPD and 6PPDQ were similar, showing that Allopregnanolone and
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its precursor Progesterone, Estradiol, Testosterone associated with GABAa and NMDA receptor dysfunction were reduced.
The alteration of these neurosterodis well explain the anxiety-like neurobehavior inducement and also suggests the potential
for neurotoxicity associated with memory, excitatory, etc. although memory deficits were not observed in neurobehavior
phenotypic observations. Our findings provide the insight to more deeply explore the similarity of neurotoxicity mechanism of
6PPD and 6PPDQ, and further related studies should be conducted to better understand the toxicity of both substances.

1] Tian, Z.,, Zhao, H., Peter, K. T., Gonzalez, M., Wetzel, J., Wu, C., ... & Kolodziej, E. P. 2021. A ubiquitous tire rubber—
derived chemical induces acute mortality in coho salmon. Science. 371(6525). 185-189.

[2] Brinkmann, M., Montgomery, D., Selinger, S., Miller, J. G., Stock, E., Alcaraz, A. J., ... & Wiseman, S. 2022. Acute
toxicity of the tire rubber-derived chemical 6PPD-quinone to four fishes of commercial, cultural, and ecological importance.
Environmental Science & Technology Letters. 9(4). 333-338.

1.04.P-Tu007 From behaviour to gene transcription. Unraveling the molecular mechanisms that regulate diel vertical
migration in th zooplanktonic Daphnia magna

Maria Paula Carrillo Losada?, Benjamin Pinal, Maria Vila-Costa? and Carlos Barata Dr?, (1)Environmental Chemistry,
Institute for Environmental Assessment and Water Research, Spanish Research Council (IDAEA-CSIC), Spain, (2)Institute for
Environmental Assessment and Water Research, Spanish Research Council (IDAEA-CSIC), Spain

Animal behaviour is closely related with individual fitness allowing animals to choose suitable mates or avoid predation. The
central nervous system (CNS) regulates many aspects if not all of animal behaviour responses, therefore behavioural responses
can be special sensitive to compounds with a neurodevelopmental or neuro-functional mode of action. Phototactic behavioural
changes against fish in the freshwater crustacean Daphnia magna have been the subject of many ecological and more recently
genomic investigations. The aim of this study was to identify the molecular pathways that modulate the phototactic behaviour
to fish kairomones. We used two clones showing two contrasting responses. A positive phototactic clone (P132,85) that shows
a marked negative phototactism after exposure to fish kairomones, to the muscarinic acetylcholine receptor scopolamine, and
additive effects when exposed to both treatments; and a negative phototactic clone F that shows the opposite behaviour was .
Fish conditioned water was obtained with juveiles of Leuciscus idus. Adults of both clones were exposed to three treatments
plus their respective unexposed control: fish kairomnes and scopoplamine alone and its mixture. Whole transcriptomic
illumina analyses indicated a greater number of de-regulated genes of the fish kairomone sensitive clone P132,85 (1650) than
the F one (1138), which were grouped in four clusters (two per clone). Two of the clusters (A) grouped genes down-regulated
by the tested treatments, whereas in clusters (B) genes were up-regulated. In both clones gene transcription there was also
additivity in animals exposed to both scopolamine and fish kairomone treatments. From the 35 enriched functional KEGG
pathways 11 were shared by all clusters, whereas 14 and 5 were unique for clones P132,85 and F, respectively. Over 50% of
the shared and clonal specific metabolic routes were related with neurological pathways and regulation of cell
proliferation/differentiation, whereas specific routes of the most responsible clone P132,85 included the Wnt signaling
pathway. Our results indicated that fish kairomone de-regulate not only neurological signalling routs but also cell
differentiation/proliferation ones that a linked with the observed behavioural responses and the reported morphogenetic effects.

1.04.P-Tu008 Impacts of a Psychoactive Pollutant on Interactions Between Native and Invasive Freshwater Fish

Raiko Rafeeq!, Minna Saaristo? and Bob Wong?, (1)School of Biological Sciences, Monash University, Melbourne, Australia,
(2)Environment Protection Authority Victoria, Australia, (3)School of Biological Sciences, Monash University, Australia

As the need for medications continues to rise worldwide, pharmaceuticals are being increasingly detected in the environment.
In particular, the antidepressant venlafaxine has become one of the most pervasive pharmaceutical pollutants in aquatic
systems. The receptors targeted by venlafaxine are conserved across most animal groups, and venlafaxine can therefore affect
ecologically important traits in non-target organisms. Disruptions to behavioural traits, such as boldness and aggression, can
lead to changes in both intra- and interspecific interactions, causing further disturbances to vital ecological processes, including
competition and predation. These interactions also play a key role in mediating invasion success, but research on the impacts of
chemical pollution on native-invasive species interactions remains scarce. As such, our study aimed to investigate whether
exposure to environmentally realistic concentrations of venlafaxine affected interspecific behavioural interactions between the
southern pygmy perch (Nannoperca australis), a small freshwater fish native to Australia, and the invasive eastern
mosquitofish (Gambusia holbrooki). Fish were exposed to either an unexposed freshwater control (i.e., no venlafaxine), low-
venlafaxine exposure (0.5 pg/L), or high-venlafaxine exposure (1 pg/L) for 28 days. Following the exposure period,
individuals were matched with a heterospecific from the same exposure treatment and both fish completed a behavioural trial
to test aggression and foraging behaviours in the presence of a competitor. Preliminary results show that whilst there were no
significant effects of venlafaxine treatment on aggressive behaviours in either species, mosquitofish in the high treatment were
faster to first consume a prey item in comparison to the control treatment. This effect was not observed in southern pygmy
perch, demonstrating a species-dependent effect of venlafaxine. A possible consequence of this effect could be that non-natives
may outcompete native species, potentially leading to cascading effects on community structure and function. These findings
highlight the need to better understand the complex interactions between different forms of human-induced environmental
change.

1.04.P-Tu009 Cardiac and Neurobehavioral Impairments in Three Phylogenetically Distant Aquatic Model Organisms
Exposed to Environmentally Relevant Concentrations of Boscalid
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Juliette Bedrossiantz?, Julia Goyenechea?, Eva Prats®, Cristian Gdmez-Canela*, Carlos Barata Dr®, Jérome Cachot® and
Demetrio Raldua?, (1)Environmental Toxicology, Institute for Environmental Assessment and Water Research, Spanish
Research Council (IDAEA-CSIC), Spain, (2)IQS School of Engineering, Ramon LIlull University, (3)CID-CSIC, Spain,
(4)School of Engineering, Institut Quimic de Sarria-Universitat Ramon Llull, Spain, (5)Institute for Environmental Assessment
and Water Research, Spanish Research Council (IDAEA-CSIC), Spain, (6)EPOC CNRS, University of Bordeaux, France
Boscalid (2-Chloro-N-(4’-chlorobiphenyl-2-yl) nicotinamide), a pyridine carboxamide fungicide, is an inhibitor of the complex
11 of the respiration chain in fungal mitochondria. As boscalid is only moderately toxic for aquatic organisms (LCso > 1 -10
mg/L), current environmental levels of this compound in aquatic ecosystems, in the range of ng/L-ug/L, are considered safe for
aquatic organisms. In this study, we have exposed zebrafish, Japanese medaka and Daphnia magna to a range of
concentrations of boscalid (1-1000 pg/L) for 24-h, and the effects on heart rate (HR), basal locomotor activity (BLA), visual
motor response (VMR), startle response (SR), and habituation (HB) to a series of vibrational or light stimuli have been
evaluated. Moreover, changes in the profile of the main neurotransmitters have been determined. Boscalid altered HR in a
concentration-dependent manner, leading to a positive or negative chronotropic effect in fish and D. magna, respectively.
While boscalid decreased BLA and increased VMR in Daphnia, these behaviors were not altered in fish. For SR and HB, the
response was more species- and concentration-specific, with Daphnia exhibiting the highest effects. At the neurotransmission
level, boscalid exposure decreased the levels of L-aspartic acid in fish larvae and increased the levels of dopaminergic
metabolites in Daphnia magna. Our study demonstrates that exposure to environmental levels of boscalid alters cardiac rate,
impairs ecologically relevant behaviors, and leads to changes in different neurotransmitter systems in phylogenetically distinct
vertebrate and invertebrate models. Thus, the results presented emphasize the need to review the current regulation of this
fungicide.

1.04.P-Tu010 The C.elegans as a Reliable Tool in Neuro-Behavioural Toxicology: Case study of Diesel Exhaust
Particles

Nivedita Chatterjee! and Ernesto Alfaro-Moreno?, (1)International lberian Nanotechnology Laboratory, Portugal,
(2)NanoSafety Group, International Iberian Nanotechnology Laboratory, Nanosafety, Portugal

Exposure to particulate matter is increasingly associated with a heightened risk of neurodegenerative diseases, particularly
Alzheimer's disease. This study investigates the behavioural and neurotoxic effects of diesel exhaust particles (DEP) on
glutamatergic and dopaminergic neurons in the model organism Caenorhabditis elegans (C. elegans). Locomotion behaviours
were assessed in two modes: swimming in a liquid medium using the Wmicrotracker system and crawling path and velocity
analysis using the Image J system with captured video on NGM agar plates. A significant reduction in average speed (p <
0.001), altered crawling paths, and decreased swimming activities (p < 0.01) were observed under mid (0.167 pg/cm?) to
higher (1.67 pg/cm?) concentrations. Evaluation of neurodegeneration markers in glutamatergic (DA1240) transgenic worms
revealed notable degeneration in glutamatergic neurons at both concentrations. At 0.167 pg/cm?, approximately 30% exhibited
moderate degeneration, with 20% showing advanced degeneration. At 1.67 pg/cm?, around 28% displayed moderate
degeneration, and 24% demonstrated advanced degeneration (p < 0.0001). Dopaminergic neurons (BZ555 transgenic strain)
exhibited structural deformities without significant degeneration. In summary, DEP exposure induces distinctive
neurodegenerative effects in C. elegans, with glutamatergic neurons being more vulnerable, suggesting a potential link
between locomotion defects and glutamatergic neurodegeneration.

Keywords: Diesel exhaust particles (DEP), C. elegans, behaviour, Glutamatergic neurons, and Dopaminergic neurons,
Neurodegenration

1.04.P-Tu011 Neurotoxicity evaluation of B-citronellol, a major component of air freshener, in adult zebrafish

Soyeon Park, han-Seul Lee and Kitae Kim, Seoul National University of Science and Technology, Korea, Republic of (South)
B-citronellol is a substance incorporated into perfumes and various household chemical products for fragrance enhancement. 3-
citronellol has been known to have positive effects at low concentrations, such as suppressing the activity of nerve cells related
to pain signals, but its effects at high concentrations are not studied. Therefore, in this study, changes in neurobehaviors were
evaluated in adult zebrafish after exposure to -citronellol in adult zebrafish, and the alteration in endogeneous concentration
of a total of neurochemicals and neurosteroids were measured in the brain using LC-MS/MS to explore the neurotoxicity
mechanism. Male zebrafish were exposed to B-citronellol for 14 days at concentrations of 0, 0.04, 0.2, and 1.0 mg/L.
Considering the stability of p-citronellol and the fragrance exposure scenarios, we conducted exposure for 4 hours daily. The
test solution was changed every day to maintain the concentration of B-citronellol. The exposure conditions were determined
based on instrumental analysis reulst that measured changes in the concentration of -citronellol in the exposure tank. After
exposure, three behavioral assays(i.e., novel tank test(NTT), photomotor response test (PMR) and T-maze test) were
performed immediately to investigate neurobehavioral changes in response to B-citronellol. Neurotransmitters and
neurosteroids were measured in dissected brain samples using LC-MS/MS. Behavioral assessment revealed that -citronellol
induced anxiety and memory impairment in zebrafish at all exposure concentration groups, and photosensitivity damage was
observed at 1.0 mg/L exposure group. The result of neurosteroids, cortisol, which regulates stress and anxiety, increased in a
concentration-dependent manner. Additionally, a significant decrease in progesterone and its metabolite allopregnanolone, was
observed. Significant changes were also observed in neurochemicals related to the GABAergic system, dopaminergic system,
and cholinergic system. Overall, in this study, we demonstrated that above a certain concentration of B-citronellol disrupts the
balance between neurochemical systems and neurosteroids in zebrafish, leading to alterations in neurobehavior such as
memory and anxiety. These results suggested that the high concentration of B-citronellol, which is mainly used in air freshener
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products, must be well managed, and that an actual survey is needed to determine how much B-citronellol is contained in air
freshener products.

1.04.P-Tu012 Effects of Acute 6PPD-Quinone Exposure on Swimming Performance and Aerobic Metabolism in
Juvenile Lake Trout (Salvelinus namaycush)

Summer Selinger?, Markus Hecker?, Steve Wiseman?®, Lynn Weber?, David M. Janz* and Markus Brinkmann®, (1)University of
Saskatchewan, Canada, (2)Toxicology Centre and School of the Environment and Sustainability, University of Saskatchewan,
Canada, (3)University of Lethbridge, Canada, (4)Western College of Veterinary Medicine and Toxicology Centre, University
of Saskatchewan, Canada, (5)Toxicology Centre, University of Saskatchewan, Canada
N-(1,3-Dimethylbutyl)-N’-phenyl-p-phenylenediamine-quinone (6PPD-quinone) is a transformation product of the most
widely used rubber tire antioxidant, 6PPD. Commonly found in road-way runoff, a variety of studies have reported this
compound to cause acute lethality in several salmonid species at roughly < 1 pg/L, including lake trout (Salvelinus namaycush;
24 h LCso = 0.51 pg/L). However, there is currently a lack of research targeted at understanding sublethal toxicities of 6PPD-
quinone exposure, particularly on swimming performance. Sensitive species show characteristic symptoms including gasping,
spiraling, increased ventilation, loss of equilibrium and impaired swimming ability, suggesting a possible impact on
cardiometabolic physiology. To evaluate potential effects of 6PPD-quinone on swimming performance and aerobic
metabolism, juvenile lake trout were exposed to nominal aqueous concentrations of 0 or 0.5 pg/L in a swim tunnel
respirometer for 20 hours to assess temporal changes in standard metabolic rate (SMR) compared to unexposed controls.
Following exposure, fish underwent a swim trial to determine critical swim speed (Ucit), 0Xygen consumption (MO,), active
metabolic rate (AMR), aerobic scope (AS) and energetic cost of transport (COT). After conducting the swim trial, fish were
euthanized, and concentrations of muscle triglycerides and glycogen were determined. Preliminary data show that 6PPD-
quinone exposure does not significantly impact oxygen consumption rates or energetic cost of transport during a critical swim
test. In contrast, exposure appeared to cause a significant decrease in critical swim speed and active metabolic rate, providing
evidence of altered metabolism. These results suggest that aqueous 6PPD-quinone exposure at environmentally relevant
concentrations produces adverse effects that can diminish endurance and maximum swim speeds, which may affect survival of
fish populations. This is the first study to analyze the toxicity of 6PPD-quinone on the swimming performance of fishes of
commercial, cultural, and ecological importance and provides urgently needed information for environmental risk assessments
of this emerging contaminant of concern.

1.04.P-Tu013 Frontiers in Quantifying Wildlife Behavioural Responses to Chemical Pollution

Michael Grant Bertram?, Jake Mitchell Martin? and Tomas Brodin?, (1)Wildlife, Fish and Environmental Studies, Swedish
University of Agricultural Sciences (SLU), Sweden, (2)Swedish University of Agricultural Sciences (SLU), Sweden

Animal behaviour is remarkably sensitive to disruption by chemical pollution, with widespread implications for ecological and
evolutionary processes in contaminated wildlife populations. However, conventional approaches applied to study the impacts
of chemical pollutants on wildlife behaviour seldom address the complexity of natural environments in which contamination
occurs. This presentation aims to guide the rapidly developing field of behavioural ecotoxicology towards increased
environmental realism, ecological complexity, and mechanistic understanding. We identify research areas in ecology that to
date have been largely overlooked within behavioural ecotoxicology but which promise to yield valuable insights, including
within- and among-individual variation, social networks and collective behaviour, and multi-stressor interactions. Further, the
review features methodological and technological innovations that enable the collection of data on pollutant-induced
behavioural changes at an unprecedented resolution and scale in the laboratory and the field. In an era of rapid environmental
change, there is an urgent need to advance our understanding of the real-world impacts of chemical pollution on wildlife
behaviour. This review therefore provides a roadmap of the major outstanding questions in behavioural ecotoxicology and
highlights the need for increased cross-talk with other disciplines in order to find the answers.

1.04.P-Tu014 Evaluation of ecological toxicity for remediated soils contaminated with heavy metal using earthworm:
Study on mechanism of toxicity manifestatio

Woo-chun Lee?, Soon-oh Kim? and Sang-Woo Lee?, (1)HS Environmental Technology Research Center, Hosung Inc., Korea,
Republic of (South), (2)Department of Geology and Research Institute of Natural Science, Gyeongsang National University,
Korea, Republic of (South)

The firing range soil contaminated with heavy metals was remediated through a washing process. Heavy metal concentrations
can be lowered below soil contamination standards, soil health deteriorated during the remediation process. Hence, there is a
need for suitable techniques and methods to validate them for recovering the low-health remediated soil. The objective of this
study was to explore techniques for recovering low-health contaminated soil and to verify the recovery levels using chemical
and biological methods. The agents used in the recovery technology were vermicompost (biological agent), biochar (organic
agent), and lime soil (inorganic agent). The soil mixed with the agents and remediated soil was aged while providing constant
moisture for two weeks. The verification of soil health using earthworms utilized both OECD methods and the VISSET
(Vibration Sensor for monitoring of Soil Ecological Toxicity) developed by the researchers. Earthworm survival rate, body
weight change rate, and bioaccumulation concentration (BAF) methods were commonly applied, but earthworm behavior was
additionally evaluated using the VISSET test method. The earthworm survival rate and weight variation in the remediated soil
decreased significantly compared to the uncontaminated soil. This indicates a greater deterioration in soil health during the
remediation process than during the contamination process. The results of earthworm activity also showed a significant
increase in the remediated soil, indicating stress imposed on the earthworms. In soils treated with vermicompost and
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vermicompost + lime soil, earthworm activity levels similar to uncontaminated soil, and it was confirmed that the level of
chemical recovery was high. Conversely, in experiments utilizing biochar, lower chemical recovery levels were observed, and
reduced earthworm activity was attributed to skin irritation. Since deterioration of soil health can occur not only during the
contamination process but also during the remediation process, it is considered necessary to apply appropriate techniques to
recovery the health of remediated soil for its reuse and recycling.

1.04.P-Tu015 Toxicokinetic and behavioral effects of environmentally realistic microplastics

Andrew Barrick and Tham C. Hoang, Auburn University

Plastics are ubiquitous substances with approximately 42,000 tons entering the environment annually. Upon entering the
environment, plastics can be broken into micro(nano)plastics, particles with three dimensions <5mm, which increases their
potential for bioaccumulation and trophic transfer. Plastics also contain hydrophobic contaminants. Micro(nano)plastics can
potentially be novel vectors for biological uptake of these chemicals. Some plastics have neurotoxic additives such as
phthalates, which can influence the behavior of exposed organisms. Alteration to behavior can influence predator-prey
relationships and eventually cascade into ecological impacts. The relationship between plastics, neurotoxic additives, and
environmental impact is poorly understood. Plastics are hydrophobic and are rarely neutrally buoyant, causing them to either
float on the top of test chambers or sink to the bottom. This makes it difficult to establish dose-response profiles as the number
of plastics introduced into a testing chamber is not equivalent to the number of plastics an organism will interact with.
Therefore, it is necessary to understand the behavior surrounding consumption, excretion and retention of micro(nano)plastics
to comprehend ecotoxicity. This presentation explores the toxicokinetics of micro(nano)plastic uptake and excretion, how it
affects behavior, and how bioaccumulation relates to acute toxicity. Environmentally realistic micro(nano)plastics were
prepared at <120pum by cyromilling commercially available plastic cups and forks. Daphnia magna, an aquatic crustacean, was
exposed to plastic cup and fork particles following a dose-response format to determine acute toxicity and bioaccumulation.
Both plastic fork and cup plastics were identified to be polyethylene and of similar sizes after cryogrinding, indicating that
physical properties were comparable. Plastics were not acutely toxic towards D. magna. Marked differences in
bioaccumulation and depuration between fork and cup particles were observed. Behavioral analysis demonstrated no change in
localization of organisms within test chambers but demonstrated there may be slight alterations in how fast they moved. The
study shows that minor changes in plastic composition, in particular color, can influence the uptake kinetics of
micro(nano)plastics.

Keywords: behavioral effects, environmentally realistic plastics, Daphnia magna, dose-response relationships

1.04.P-Tu016 Interactions between chronic pollution and behavioural variability within and among individuals of
aquatic invertebrates.

Harmony Lautrette-Quinveros?, Olof Berglund?, Viktor Nilsson? and Anders Nilsson?, (1)Lund University, Sweden, (2)Aquatic
Ecology, Lund University, Sweden

Environmental pollution is often characterized by low-dose, chronic exposure regimes. Dose-response relationships of these
types of exposure often fail to generate major effects on mean response, especially when utilizing conventional endpoints. We
hypothesize that non-conventional endpoints like behaviour may capture more subtle effects of pollution and also, that
variability in behaviour may be used to predict effects at population and community level. Variability may influence effects of
pollution and vice versa, pollution may affect variability. These changes in variability may have profound effects on species
interactions, and population dynamics, e.g. predator-prey interactions.

The aim of this project is to assess impact of low-dose chronic exposure of an antidepressant Fluoxetine and a metal Copper on
behaviour and metabolism in populations of the freshwater isopod, Asellus aquaticus. First, we quantify within and among
individual behaviour of wild populations of A. aquaticus and test the behavioural syndrome and pace-of-life hypothesis.
Second, we test the effect of Fluoxetine and Copper on within and among variability of individual behaviour and metabolic
rate. Third, we will test predictions generated on pollutant effects on the predator-prey dynamics in a mesocosm set-up with
realized predation.

Here, we present results from the first step where behaviour and metabolic rate of wild-caught A. aquaticus was quantified
without exposure to chemicals. We tested associations among behaviours i.e., behavioural syndrome, repeatability, and if
behaviours were correlated with metabolic rate i.e. the pace-of-life hypothesis. We selected behaviours that strongly influence
predator-prey interactions like activity, boldness/exploration and escaping behaviour. Activity and boldness/exploration
showed a high repeatability and were positively correlated. A. aquaticus metabolism was a repeatable endpoint but was not
correlated with any other endpoints measured.

This project is part of the CHRONIC project funded by EU under the Marie Sklodowska-Curie Actions, and the aim is to
incorporate findings into Environmental Risk Assessments using low-dose chronic chemical exposure and non-conventional
endpoints to identify sensitive ecosystems at risk.

1.04.P-Tu017 Assessing the Behavioural Sensitivity of Gammaridae to Pesticides and Pharmaceuticals
Elien Versteegen?, Edwin Peeters?, Ivo Roessink? and Paul van den Brink?, (1)Aquatic Ecology and Water Quality
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Management, Wageningen University & Research (WUR), Netherlands, (2)Wageningen University & Research (WUR),
Netherlands

Freshwater systems are continually exposed to various was streams, including municipal wastewater and agricultural runoff.
Pollutants in the aquatic environments might change the behaviour of animals. Gammaridae are essential in marine and
freshwater ecosystems as both decomposers, prey, and predators. Changes in their behaviour as a result of environmental
pollution, may impact their ecological roles in the food chain.

In this study we aim to provide more insight in whether behavioural responses are potentially reliable forebodes for toxic
effects in our aquatic environments. Therefore, we evaluate the sensitivity of swimming activity as an endpoint compared to
mortality and immobility and compare how this sensitivity of swimming related endpoints differs between toxins with different
modes of action.

In four laboratory experiments, we exposed the gammarid Gammarus. pulex to different compounds (two pesticides:
imidacloprid (IMI) and chlorpyrifos (CPF), and two pharmaceuticals: carbamazepine (CBZ) and citalopram (CIT)) with
different modes of action. After 48-h of exposure the dead and immobile organisms are counted, after which the swimming
activity of all mobile organisms was individually assessed.

The immobility count was a more sensitive endpoint then mortality (EC50 < LC50) for IMI, CPF and CIT, while no mortality
and immobility was observed in organisms exposed to CBZ concentrations up to 2000 pg/L. Exposure to IMI, CIT or CBZ
resulted in a decreased swimming speed and acceleration of G. pulex individuals, additionally, IMI exposure also resulted in a
decreased thigmotaxis. No behavioural effects are observed after exposure to CPF, even though mortality and immobility
occur at higher exposure concentrations. On the contrary, CBZ exposure that does not result in immobility or mortality, does
influence the organisms swimming behaviour.

The four compounds all have a different ratio between traditional endpoints (mortality and immobility) and swimming
behaviour endpoints. The sensitivity of swimming activity and its relation to mortality and immobility differs much between
the four tested pollutants. The behavioural endpoints are therefore not a reliable forbode of lethal effects, but these differences
in sensitivity can give more insight in the mode of action of these pollutants in G. pulex.

1.04.P-Tu018 Review: Opportunities and Limitations of Invertebrate Behaviour as Relevant Endpoint in
Ecotoxicological Testing

Vanessa Saalmann, Kirsten Germing and Lena Kosak, Ecotoxicology, Fraunhofer Institute for Molecular Biology and
Applied Ecology (IME), Germany

Invertebrates are important model organisms in ecotoxicological testing as they occupy key positions in food webs of
terrestrial and aquatic ecosystems. Next to the classical endpoints of OECD testing guidelines, environmental relevant
chemicals can affect invertebrate behaviour. Behavioural alterations may lead to effects on population level traits, e.g. a
reduction in foraging, reproduction, migration or predator avoidance. Therefore, the resulting impacts may affect populations
and ecosystems in general function.

Examples for terrestrial invertebrates used as ecotoxicological model organisms are Apis mellifera, Folsomia candida and
Eisenia andrei as well as Daphnia magna and Lymnaea stagnalis as aquatic model organisms. Invertebrates include a wide
range of species of terrestrial and aquatic organisms. Much data is available on the ecology of most invertebrates, but often,
little is known of the effects of chemicals (pesticides, pharmaceuticals, ...) on the behaviour of invertebrates. The OECD
guidelines for the testing of chemicals (Section 2: Effects on Biotic Systems) mostly address lethality/immobility, size,
hatching, emergence or reproduction and do not consider relevant behavioural endpoints. Behavioural endpoints, whose
affection might lead to population-relevant impacts, are phototaxis, locomotion, rheotaxis, activity time and predator avoidance
behaviour, among others.

As mentioned above, alterations in behaviour can occur for many parameters and have effects on diverse population-relevant
traits. If the vertical migration of daphnids was affected due to chemical exposure, they would not be able to respond to
predator presence and be an easy prey. If the swarming behaviour of Chironomus riparius was time-shifted by behavioural
alterations from chemical exposure, the mating might occur for fewer pairs, leading to a shrinking population. If the defensive
behaviour of Lymnaea stagnalis was affected, they might not or slower withdraw into their shell and therefore have a raised
risk of predation.

The common ecotoxicological model organisms and also non-standard invertebrates shall be examined with regard to their
ecology and their suitability for behavioral observations. Literature was reviewed and evaluated based on the suitability,
opportunities and limitations for behavioural endpoints in different invertebrates. Existing guidelines are discussed with regard
to the possibilities of integrating behavioral endpoints in a regulatory environment.

1.04.P-Tu019 Chronic exposure of environmentally relevant concentrations of the SSRI sertraline impact feeding and
behaviour in the freshwater worm Tubifex tubifex
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Wing Sze Chan?, Martina Santobuono?, Elettra D'Amico?, Henriette Selck® and Olof Berglund?, (1)Roskilde University (RUC),
Denmark, (2)INM, Roskilde University (RUC), Denmark, (3)Lund University, Sweden

Pharmaceuticals, like antidepressants, have been identified as potential threats to aquatic ecosystems due to their widespread
and increasing use, and incomplete removal during wastewater treatment. This study focuses on the potential behavioural
effects of the SSRI sertraline, on aquatic invertebrates. These effects, observed at environmentally relevant concentrations,
encompass physiological and behavioural endpoints, highlighting the need for non-conventional measures that align with the
intended mode of action. Antidepressants, designed to modulate neural and behavioural processes, may induce subtle changes
that conventional endpoints might overlook. Incorporating behavioural bioassays, assessing indicators like movement patterns
and feeding habits, offers a more comprehensive understanding of the ecological impacts of pharmaceuticals. This inclusion is
crucial for identifying and quantifying sublethal effects, safeguarding ecosystem health.

Addressing the limited information on sertraline's impact on behavioural change in sediment-based ecosystems, our study
evaluated the chronic toxicity of sertraline on T. tubifex. Assessing feeding rate, oxygen consumption, and behavioural
changes, we found that sertraline concentrations correlated with reduced feeding rates, increased locomotion, and delayed light
avoidance in T. tubifex. This research enhances our understanding of sertraline's ecotoxicity in sediment environments,
emphasizing the importance of considering behavioural endpoints in environmental risk assessments.

1.04.P-Tu020 Effects Of Copper And Cadmium, Isolated And In Mixture, On The Behavior Of The Copepod
Eurytemora Affinis

Giseli Swerts Rocha®?2, Caroline Arcanjo?, Lais Lopes!, Romain Coulaud?, Aurélie Duflot®, Nathalie Giusti-Petrucciani® and
Céline Boulange-Lecomte?, (1)Escola de Engenharia de Sdo Carlos - USP, Brazil, (2)Chemical Engineering, Universitat
Rovira i Virgili, Spain, (3)Sebio, Le Havre Normandy University (ULHN), France

Metals are ubiquitous in the environment and anthropogenic and natural activities can increase their amounts. Most likely they
end up in the aquatic systems, where they can interact among themselves and with other contaminants (e.g., microplastics,
bisphenols, pharmaceuticals) resulting in complex mixtures that can affect biota. Copper (Cu) is an essential metal for
organisms, while cadmium (Cd) is considered a non-essential metal, which contribute to the challenge of studies dealing with
Cu-Cd mixtures. Copepods are an important link between primary producers and higher trophic levels, being sensitive
organisms in ecotoxicology studies. Eurytemora affinis (Copepoda, Calanoida), which is very representative from estuaries
was collected in the Seine estuary (Tancarville, Normandie, France), and were exposed to Cu (20 pug L), Cd (30 pg L) and
their mixtures (CuCd) during 24 h, in addition to control. Velocity of the organisms was evaluated using
DanioVision/Ethovision. After 6 min of acclimation in dark conditions in the chamber, 48 organisms per condition were
assessed during one cycle of 2 min dark followed by one cycle of 2 min light. Data were evaluated using LMEM (Linear
Mixed Effect Model), GLMM (General Linear Mixed Model) and GAMLSS (Generalized Additive Model for Location, Scale
and Shape) models in time bins of 10 sec and 2 min. The best adjustment for our data was obtained using the GAMLSS model
with ZAGA (zero adjusted gamma) distribution and the time bin of 10 sec. In the time bin of 10 sec, the results indicate a
higher activity of the organisms according to the time, with a great inter-individual variance, independent of the treatment. The
organisms were more active in light, with a slightly higher velocity in Cu and CuCd treatments, but without significant
differences compared to control. For the time bin of 2 min, the organisms were more active in light and with higher velocity in
Cu and CuCd treatments. These data indicate how sensitive it is to deal with behavioral analysis since the variance obtained
with the organisms can be significant and the use of different time bins can result in different outputs. In addition, we
recommend the use of different statistical models to evaluate the responses and to obtain a better data adjustment.

1.04.P-Tu021 Drugs in a Noisy World: A Dangerous Combination

Michael J Barry, Asma Mohammed Al Shuraiqi, Bayan Al Harrasi, Marwa Al Shammakhi and Reem Al Mukhaini, Biology,
Sultan Qaboos University, Oman

The close proximity of freshwater habitats to urban centres poses direct threats to fish through discharge of chemicals,
pharmaceuticals and other wastes. While the effects of a small number of high profile pharmaceuticals are well documented,
aquatic habitats can be contaminated with dozens of different chemicals. Simultaneously, human activities generate noise
which can penetrate freshwater ecosystems and disturb natural behaviors. While there has been a gradual increase in awareness
of the harmful effects of noise on wildlife almost no study has investigated the interactions of sound and chemicals on fish
behavior. In this study we exposed zebrafish to either the antibiotic amoxicillin at either 0.2 or 20 pg/L or the anti-
inflammatory diclofenac at 0.004 or 4 pg/L, or a combination of both, for 28 days. The behavior of the fish was then measured
using a series of standardized behavioural and shoaling tests in the presence and absence of an anthropogenic noise (motor
boat). Prior exposure to both drugs affected the fish’s response to noise, including time to emerge in a boldness test, time to
reach food and habitat use. Importantly, for future research we noted the order of noise exposure in each test was important. In
some cases we observed different outcomes dependent on whether the fish were exposed to control conditions or noise in the
first test. Increasingly fish live in a multi-stressor world that includes both chemicals and physical stressors. As the effects of
human activities penetrate even the deepest oceans we need a better understanding of the harmful effects of noise

1.04.P-Tu022 Heat Stress Makes Antibiotics More Dangerous to Zebrafish

Asma Mohammed Al Shuraigi®, Michael J Barry?, Raeid M.M. Abed? and Aziz Al Habsi?, (1)Biology, Sultan Qaboos
University, Oman, (2)Sultan Qaboos University, Oman

The widespread use of antibiotics for humans and livestock has led to widespread contamination of surface waters. Beta-
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lactam (amoxicillin) is one of most frequently used antibiotics. After administration more than 80% is eliminated from the
body, ultimately ending up in the environment with low biodegradability and high toxicity.

Due to climate change aquatic species are increasingly facing temperature challenges. Temperature is critical for maintaining
organism homeostasis including metabolic rate and body function. Thermally stressed fish use heat shock proteins (HSP) as
chaperones to mitigate the influence of heat stress through binding to proteins. Increased expression of HSPs is an indicator of
temperature stress. Several studies found that HSP70 and HSP90 genes are key biomarkers of thermal stress.

When we combine stressors of different natures simple rules of additive and synergistic effects may not apply. In the present
study we measured the effects of environmentally realistic concentrations of amoxicillin at two different temperatures on
zebrafish. We analysed the effects of these stressors on fish shoaling behavior and the fish’s response to a predator alarm

cue. We also measured levels of heat shock proteins and the composition of the gut microbiome. We hypothesize that: 1) The
impact of amoxicillin will be greater at high temperature, 2) Both amoxicillin and high temperature will alter the composition
of the gut microbiome, and 3) Both temperature and amoxicillin will inhibit zebrafishes response to predation cues

The results show a strong effect of heat stress the gut microbiome (p<0.0001), with no effect of treatment (p=0.495) or sex
(0.862). All the three exposure factors: amoxicillin, conspecific alarm and heat affected shoaling behavior. In nature fish must
respond and adapt to multiple natural and anthropogenic stressors. We found that temperature had a strong effect on the gut
micribiome but there was surprising little effect of amoxcillin. On the other hand both temperature and amoxcillin affected fish
behavior, as well as the way that the fish responded to an alarm chemical. We live in a complex world. Ecotoxicological
studies should reflect this complextity in their design.

1.04.P-Tu023 Neurotoxicity Assessment in Adult Danio rerio using a Battery of Behavioral Tests in a Single Tank
Juliette Bedrossiantz!, Eva Prats? and Demetrio Raldua?, (1)Environmental Toxicology, Institute for Environmental
Assessment and Water Research, Spanish Research Council (IDAEA-CSIC), Spain, (2)CID-CSIC, Spain

The presence of neuropathological effects proved to be, for many years, the main endpoint for assessing the neurotoxicity of a
chemical substance. However, in the last 50 years, the effects of chemicals on the behavior of model species have been actively
investigated. Progressively, behavioral endpoints were incorporated into neurotoxicological screening protocols, and these
functional outcomes are now routinely used to identify and determine the potential neurotoxicity of chemicals. Behavioral
assays in adult zebrafish provide a standardized and reliable means to study a wide range of behaviors, including anxiety,
social interaction, learning, memory, and addiction. Behavioral assays in adult zebrafish typically involve placing the fish in an
experimental arena and recording and analyzing their behavior using video tracking software. Fish can be exposed to various
stimuli, and their behavior can be quantified using a variety of metrics. The novel tank test is one of the most accepted and
widely used tests to study anxiety-like behavior in fish. The shoaling and social preference tests are useful in studying the
social behavior of zebrafish. This assay is particularly interesting since the behavior of the entire shoal is studied. These assays
have proven to be highly reproducible and sensitive to pharmacological and genetic manipulations, making them valuable tools
for studying the neural circuits and molecular mechanisms underlying behavior. Additionally, these assays can be used in drug
screening to identify compounds that may be potential modulators of behavior. We will show in this work how to apply
behavioral tools in fish neurotoxicology, analyzing the effect of methamphetamine, a recreational drug, and glyphosate, an
environmental pollutant. The results demonstrate the significant contribution of behavioral assays in adult zebrafish to the
understanding of the neurotoxicological effects of environmental pollutants and drugs, in addition to providing insights into the
molecular mechanisms that may alter neuronal function.

1.04.P-Tu024 Analysis of sleep/wake cycles in zebrafish larvae

Juliette Bedrossiantz', Marina Ricarte?, Eva Prats® and Demetrio Raldua?, (1)Environmental Toxicology, Institute for
Environmental Assessment and Water Research, Spanish Research Council (IDAEA-CSIC), Spain, (2)Institute for
Environmental Assessment and Water Research, Spanish Research Council (IDAEA-CSIC), Spain, (3)CID-CSIC, Spain
Zebrafish larvae are a model organism increasingly used in the study of the effect of neuroactive chemicals on vertebrate
sleep/wake cycles. Sleep disturbances have a negative impact on mood, cognition and overall health. Here we present a
protocol to assess over 24 h sleep/wake cycles in zebrafish larvae subjected to 12 hr light/dark periods in 48-well plates, using
video-tracking technologies. The protocol can be used to determine if the exposure to environmental pollutants or drugs can
lead to sleep disturbances. The results on the effect of the tire rubber-derived 6PPD-quinone on zebrafish sleep/wake cycles
presented here demonstrate the suitability of using this protocol in fish neurotoxicity studies. This protocol provides a new
relevant tool to be used in the pharmacology and toxicology fields.

Simultaneous determination of sleep/wake cycles in 48 zebrafish larvae

The determination of sleep/wake state is based on mobility and immaobility bouts

1.04.P-Tu025 Chronic Exposure of Bis(2-ethylhexyl) Phthalate Accelerates the Development of Depression Caused by
Chronic Stress

Jae Soon Kang, Ji Hyeong Baek and Hyun Joon Kim, Department of Anatomy and Convergence Medical Sciences,
Gyeongsang National University, Korea, Republic of (South)

Depression is a psychiatric disorder that leads to suicide at a high rate, and a positive correlation between depression and
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exposure to environmental pollutants is suspected. In previous studies, we reported that long-term exposure of bis(2-
ethylexxyl) phthalate (DEHP) causes depression in a mouse model. DEHP-induced depression occurs by inhibiting
glutamatergic neurotransmission through disruption of glutamate (Glu)-glutamine (GIn) homeostasis in the medial prefrontal
cortex (mPFC), which is like to the mechanism of chronic stress-induced depression. To investigate the correlation between
DEHP exposure and chronic stress in the development of depression, we exposed mice to low levels of DEPH, subjected them
to a level of stress that did not cause depression, and observed changes in depressive behaviors and biomarkers of depression.
As a result, changes in depressive behaviors and biomarkers were observed in DEHP-exposed and stressed mice, but these
changes were not shown in mice DEHP-exposed or stressed mice alone. In DEHP-exposed and stressed mice, the behaviors
indicating anxiety, despair and anhedonia were observed, and levels of corticosterone and ROS/RNS were increased. In
addition, the disruption of Glu-GlIn cycle such as suppressed glutamine synthetase activity and decreased Glu and GIn levels
was revealed in mPFC. These results prove that the development of depression can be accelerated by the synergy of exposure
to environmental pollutants and chronic stress and notice the need for a new approach in studying the human toxicities of
environmental pollutants in the future.

1.04.P-Tu026 Studying behavior and physiological stress in fish: a case study on the effect of artificial light at night on
cortisol excretion and accumulation of thinlip mullet (Chelon ramada)

Caroline Roux!, Alex Bois?, Fabrice Vétillard?, Patrick Chévre!, Marie-Laure Begout?, Soizic Morin® and Laure Carassou?,
(1)INRAE EABX, France, (2MARBEC, Univ. Montpellier, CNRS, Ifremer, IRD, INRAE, France, (3)INRAE UR EABX, France
Urban ecosystems are submitted to multiple anthropogenic stresses, which impact aquatic communities. Among those urban
stressors, artificial light at night (ALAN) affects the aquatic biota. The wavelengths penetrating below the surface and the
residual light intensity after diffraction and reflection on it vary according to the physical and biological characteristics of the
water (salinity, density, suspended matter, including biological particles, e.g., plankton). All the characteristics of light play a
role in the biology and physiology of all the species studied, including fish. The scientific literature highlights species-specific
differences in the effects of ALAN on fishes. Furthermore, while the literature on the impact of nighttime illumination on
urban biodiversity is growing, studies on fish behavior remain rare. In this work, we used thinlip mullet (Chelon ramada,
Mugilidae), a common species widely distributed in European urbanized aquatic environments, as a biological model. Thinlip
mullet is a rare representative of the herbivore/detritivore trophic guild in the ichthyological fauna, and as such, plays an
essential role as a vector of energy between the benthic and pelagic compartments of aquatic food webs. An experiment was
set up to understand the effects of ALAN on the behavior and physiological stress of thinlip mullet under controlled
conditions. A total of 15 fish were exposed to different light modalities to mimic natural or altered photoperiods in an urban
context during four successive trials of 72 hours each. The "control" aquaria received daytime light exposure, followed by no
exposure during the night hours, and with gradual day/night transitions to mimic a "natural” photoperiod. The "exposed"
aquaria received a continuous light during both day and night and with either direct or indirect modalities, to mimic an
“altered” urban photoperiod. Fish behavior was analyzed with video imaging (Ethovision; variables including distance between
subjects, movement velocity, distance traveled). In parallel, physiological impacts were assessed by measuring cortisol
concentrations in the water and in fish blood at successive time steps. Results are currently being analyzed, but preliminary
findings suggest significant differences in swimming and schooling behaviors of fish between the control and exposed
conditions, while cortisol response (in the water and in fish blood) appears similar in all conditions.

1.04.P-Tu027 Larval White Sturgeon Behavior Affected by Copper

Holly J Puglis, Robin Calfee and Edward E Little, U.S. Geological Survey (USGS)

Early life stage white sturgeon are sensitive to copper with adverse behavioral responses observed during previous studies. The
objectives of the present study were to quantify the effects of copper exposure on white sturgeon swimming behaviors and
determine their time to response. Larval sturgeon (1 day post hatch) were exposed to copper (0.5-8 ug/L) for 14 days.
Abnormal behavioral changes were observed within the first few days of exposure including loss of equilibrium and
immobilization. Digital video tracking software revealed decreased swimming activity with increasing copper concentration.
Significant changes in behavior and mortality occurred at concentrations of copper between 1-8 pg/L. Effect concentrations
were calculated for all responses on Day 14. The 20% lethal concentration (LC20) was 4.36 ug/L Cu and the 20% effect
concentration (EC20) for loss of equilibrium/immobility (LOE/IM) was 2.13 pug/L Cu. Swimming activity EC20s ranged from
1.30-1.50 pg/L Cu. Water quality criteria normalized for the test water chemistry using the biotic ligand model was less than
the LC20 but greater than the EC20 for LOE/IM and swimming activity endpoints. Our results indicate that behavioral
endpoints were more sensitive than some standard toxicity test endpoints and can be effectively expand the sensitivity of
standard toxicity tests for white sturgeon. Swimming behavior was impaired to the extent that survival in the field would likely
be jeopardized. Such data would provide managers a useful metric for characterizing the risks of copper contamination to
white sturgeon.

1.04.P-Tu028 Low Doses of Antidepressants Impair the Visual Motor Response Behavior of Zebrafish (Danio rerio)
Embryos — a Red Flag for Developmental Neurotoxicity

Maria Fischer?, Katharina Brotzmann® and Thomas Braunbeck?, (1)University of Heidelberg, Germany, (2)Centre for
Organismal Studies, University of Heidelberg, Germany

Venlafaxine, paroxetine, and sertraline, widely used and increasingly prescribed antidepressants, are gaining increasing
attention as pollutants in the aquatic environment. Their presence in water bodies is due to excretion by humans and
incomplete removal during wastewater treatment. These pharmaceuticals, which have been developed to interfere with
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neurotransmitter homeostasis in humans at low doses, have the potential to affect aquatic organisms such as fish, as the
nervous system of vertebrates is fundamentally similar.

When characterizing the acute effects of these compounds on the developing zebrafish embryo using the Fish Embryo Acute
Toxicity (FET; OECD TG 236) test, pericardial edemata, jaw deformation, fin seam degradation and balance disturbances
during swimming were observed. At EC4, concentrations, behavior was examined in more detail using the visual motor
response (VMR) assay, which allows a direct investigation of swimming behavior and the reaction to light-dark transition
stimuli. The data showed reduced activity in both, swimming behavior and response to the stimulus.

In summary, the results of the experiments indicate a disruption of key behavior patterns in early life-stages, which in turn may
be an indicator of developmental neurotoxicity. Considering the environmental concentrations already present in European
waters and the increasing trends in annual prescription rates, these pollutants can pose a realistic threat to the aquatic
environment.

1.04.P-Tu029 Testing if and how municipal wastewater effluent affects fish habitat choice in the wild

Erin McCallum?, Petter Lundberg?, Daniel Cerveny?, Gustav Hellstrom?, Jake Mitchell Martin®, Natalia Ivone Sandoval
Herrera?, Sarah Rossi* and Tomas Brodin?, (1)Swedish University of Agricultural Sciences (SLU), Sweden, (2)Wildlife, Fish
and Environmental Studies, Swedish University of Agricultural Sciences (SLU), Sweden

Wastewater treatments plants (WWTPs) are one of the largest point-sources of nutrient and chemical pollution to freshwater
habitats around the world. Mounting evidence shows that WWTP effluents can have detrimental effects on aquatic organisms.
And yet, research has shown that fish are still abundant near WWTPs in the wild. This raises an important question: are
WWTPs an ecological trap for aquatic wildlife? Ecological traps attract animals, but expose them to sub-optimal conditions
facilitating local population declines. To begin to test the hypothesis that WWTPs act as ecological traps, we evaluated
whether fish are behaviourally attracted to wastewater effluents in the wild. We measured fish habitat choice and residence
time at a WWTP outfall site in Sweden using acoustic telemetry. We deployed an array of acoustic receivers spanning 2 km
up- and downstream from the wastewater outfall to track fish movement and habitat choice. We collected and tagged 80 fish of
4 different species representing two prey species (Bream, Rudd) and two predator species (Zander, Northern pike; we tagged
20 fish of each of the four species). We measured their movements after release over 6 months, from May — Oct 2023. We
predicted that if fish can detect and are attracted to the effluent (indicating that WWTPs may be an ecological trap), then they
will spend longer near the outfall, than in the up- or downstream habitats. Contrarily, if fish are unable to detect the effluent,
then we expect fish to distribute themselves along the acoustic receiver gradient with no detectable attraction to the outfall site.
We will relate our findings to water quality data and contaminant loadings measured along the river. Although there is
mounting concern about the effects of WWTPs on aquatic animals, we still lack data on how long animals reside in effluent
impacted habitats. This study will help us understand the extent to which fish are exposed to effluents and the contaminants
within them.

1.04.P-Tu030 Zebrafish embryos as model for behavioral toxicology assessment of pharmaceuticals

Claudia Miguel-Sanz, Sofia Barreiro, Christian Cortes-Campos, Valentina Schiavone, Vincenzo Di Donato and Anna
Navarro-Cuenca, ZECLINICS, S.L., Spain

The use of pharmaceuticals has increased in recent years. Since wastewater treatment plants are not efficient in removing these
compounds, a fraction are released into aquatic ecosystems, posing concern for both environmental and human health concern.
Indeed, the 4th WatchList (Under the Water framework directive) identified some pharmaceuticals like cytostatic drugs as
substances of concern.

In Our study, we used zebrafish embryos to evaluate the acute effect of 8 pharmaceuticals, 5 cytostatics (5-fluorouracil,
cisplatin, cyclophosphamide, imatinib and dasatinib) and 3 anticonvulsants (topiramate, valproic acid and carbamazepine) on
larvae behavior. The use of zebrafish embryos in toxicology represents an alternative strategy aligned with the 3Rs principles,
seeking to reduce the impact of experimental procedures on animal welfare. Furthermore, given the substantial costs and
prolonged assessments associated with developmental toxicology, zebrafish has emerged as a preferred model organism for
conducting high-throughput developmental toxicity studies. Zebrafish embryos were exposed from 6 hpf to 120 hpf and at the
end of the exposure, mortalities and effect on behavior were assessed. Behavior was evaluated by using the Light/Dark
Transitional test with an acclimatization period followed by a range of light and dark intervals. Substances such as topiramate
and 5-fluorouracil did not show mortality or effect on behavior. On the other hand, changes in behavior were observed in other
substances such as valproic acid and cyclophosphamide, in the case of valproic acid (LC50 18.40 uM) showed hypoactivity at
27 uM.

The outcome of our study provides valuable information on the effect of pharmaceuticals in aquatic organisms. Moreover, our
results support the use of zebrafish embryos as an alternative to the animal models for the screening and assessing toxicity of
candidate compounds for regulatory acceptance. It also lays the foundations for a faster and reliable environmental and human
risk assessment based on New approach methodologies (NAMS).

SETAC Europe 34" Annual Meeting 54



1.04.P-Tu031 The antidepressant paroxetine reduces intraspecific behavioural variance in zebrafish

Carla Ferreira Melo?, Leandro Cunha?, Peter Kille® and Miguel Oliveira?, (1)University of Aveiro, Portugal, (2)University of
Aveiro & Centre for Environmental and Marine Studies (CESAM), Portugal, (3)Cardiff University, United Kingdom

The presence of distinct personality traits (e.g., bold and shy) among individuals and within a population is a vital component
of a survival strategy to optimise an adaptive response to environmental stressors including drug pollution. Paroxetine (PAR) is
a selective serotonin reuptake inhibitor (SSRI) antidepressant widely detected in surface waters (up to 270 ng/L) and in fish
tissues. Several studies demonstrated the ability of SSRIs to interfere with fish behaviour however, effects on
personality/coping styles, which is strictly associated with behaviour, remain largely unknown.

In this study, zebrafish embryos (3hpf) were submitted to acute and chronic exposures to PAR to assess potential effects on
personality-associated behavioural responses. In the acute exposure, organisms were exposed up to 48 hpf to 0 pg/L, 0.4 pg/L
and 40 pg/L and allowed to recover in clean media up to 45 dpf, whereas, in the chronic exposure, embryos were exposed up
to 45 dpf to the same concentrations of PAR (0 pg/L, 0.4 pg/L and 40 pg/L). At 45dpf fish from all experimental groups were
submitted to group and individual-based behavioural tests to separate and rank fish according to their personality pattern (bold
and shy). The basal swimming activity of bold and shy fish under light and dark conditions was analysed using the Zebrabox
automated tracking system (Viewpoint, Lyon, France), considering the total swimming distance (TD, mm) and the total time of
inactivity (%).

The obtained results revealed that under control conditions, bold fish are more active than shy fish (higher swimming distance
and lower inactivity time) in dark and light conditions. However, exposure to PAR disrupted this personality-associated
behavioural pattern, with bold fish adopting a similar behaviour to shy individuals (decreased swimming distance and
increased time of inactivity in comparison with controls) in both light conditions (light and dark). The acute exposure in a key
susceptibility window (from 3hpf to 48hpf) to a low concentration of PAR (0.4 pg/L) induced similar effects to those elicited
by chronic exposure to a higher concentration (40 pg/L). These results, particularly those observed for the acute exposure in
the first 48hpf, require further studies to explore the underlying mechanisms and the potential intergenerational and
transgenerational implications of PAR on behavioural phenotypic variation in fish.

1.04.P-Tu032 Understanding Anxiety Behavior in Developing Zebrafish (Danio rerio) Exposed to Environmental
Toxicants

Bianca Dechent!, Helene Juul Belling?, Sebastian Eilebrecht®, Markus Hecker?, Richard Ottermanns®, Stefan Scholz®, Henner
Hollert”#, Amparo Acker Palmer?, Bettina C. Kirchmaier® and Sarah Johann®, (1)Goethe University Frankfurt, Germany,
(2)Molecular and Cellular Neurosciences, Goethe University Frankfurt, Germany, (3)Ecotoxicogenomics, Fraunhofer Institute
for Molecular Biology and Applied Ecology (IME), Germany, (4)Toxicology Centre and School of the Environment and
Sustainability, University of Saskatchewan, Canada, (5)Environmental Biology and Chemodynamics, RWTH Aachen
University, Germany, (6)Bioanalytical Ecotoxicology, Helmholtz Centre for Environmental Research (UFZ), Germany,
(7)Environmental Media Related Ecotoxicology, Fraunhofer Institute for Molecular Biology and Applied Ecology (IME),
Germany, (8)Evolutionary ecology and environmental toxicology, Goethe University Frankfurt, Germany, (9)Molecular and
Cellular Neuroscience, Goethe University Frankfurt, Germany

The environment is facing an ever-growing input of substances that interact with the nervous system. Neurotoxicity has been
found to be the most prevalent toxic mode of action in European surface waters and it is estimated that up to 30% of
commercially used substances may act neuroactive. To assess the impact of these chemicals to non-target ecological receptors
of concern (i.e. fish), a fundamental understanding of the mechanistic processes leading to altered behavioral phenotypes is
required. One neurotoxic outcome that has received limited consideration to date is anxiety, despite its obvious impacts on the
fitness of affected organisms and populations, such as feeding, mating and predator avoidance.

The AnxioTox project aims to address this knowledge gap by studying anxiety in fish, improving our understanding of the
specific mechanisms leading to anxiety-like behavior and establishing a robust line of evidence across different levels of
biological organization. Using a set of environmentally relevant substances known to modulate anxiety-like behavior in fish
through different neurotoxic modes of action, we will characterize anxiety-like behavioral alterations of zebrafish as a
representative model species across different developmental stages up to 8 days post fertilization (dpf). Preliminary
experiments investigating the effects of the anxiolytic buspirone and the anxiogenic caffeine on zebrafish locomotion have
identified the light/dark transition test, in combination with other endpoints including thigmotaxis, as a promising tool for
discriminating anxiety-like behavior in early developmental stages (5 dpf). We will repeat these experiments with other anxiety
modulators and verify the method with suspect substances not previously associated with anxiety. Optimized data analysis and
quantification will facilitate detailed description of movement patterns, creation of holistic locomotor profiles and thus enable
sensitive detection of alterations. Furthermore, we will assess social avoidance behavior by evaluating the response of an
exposed organism to conspecifics.

By studying the anxiety-like behavior in zebrafish, this project will contribute to a better understanding of how exposure to
chemicals of environmental concern affects normal behavioral patterns. This is essential to efficiently design experimental
setups, to increase confidence in such experiments, and to promote future standardization of behavioral assays with zebrafish
larvae.
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1.04.P-Tu033 Short-Term Exposure to Median Avoidance Concentration of Chloropyrifos Induces Behavioral and
Physiological Consequences in Poecilia gillii fish

Freylan Mena?', Galit Akerman?, Andrés Molina?, Diwd Huc-Bouge?, Karla Solano?, Cristiano Aratjo® and Adarli Romero
Vasquez*, (1)Universidad Nacional, Costa Rica, (2)Universidad de Costa Rica, (3)Institute of Marine Sciences of Andalusia,
Spanish National Research Council (ICMAN-CSIC), Spain, (4)Universidad de Costa Rica UCR, Costa Rica

Chemical contamination has the potential to influence the habitat selection of organisms. Chemicals can either repel, attract, or
confuse an organism, thereby influencing their decision to remain in or flee from a particular habitat. In scenarios where
animals are exposed to discharges of contaminants and must decide whether to tolerate or avoid them, can they experience
physiological consequences during this habitat selection process? To explore this, we assessed the avoidance response of the
tropical fish, Poecilia gillii, to the organophosphate insecticide chlorpyrifos (CPF) using a non-forced open gradient exposure
system. Once the AC50 (median avoidance concentration) was calculated and, then, fish were forcedly exposed to that
concentration (AC50) for a duration of 3 hours, matching the avoidance test period. We then assessed signs of physiological
and behavioral effects, including changes in brain and muscle cholinesterase activity (ChE), respiratory frequency, and
swimming patterns. During the avoidance test, the fish exhibited a random distribution throughout the open gradient system
during the initial period of the test, displaying a clear avoidance response only after 3 hours of exposure, with an AC50 of 18.6
(14.8 — 25.6) pg/L. The forced 3-hour exposure of P. gillii to their CPF AC50 resulted in significant ChE inhibition in their
brains and alterations in their swimming patterns. The exposure eliminated their side preferences in the aquarium and increased
their presence in the upper part of the water column. Our findings contribute to the understanding of the immediate effects that
fish may experience during the rapid process of recognizing and avoiding of neurotoxic contaminant in the event of a discharge
of contamination. These physiological and behavioral effects can potentially impact the fitness and stability of the population.

1.04.P-Tu034 Development of a High Throughput Thigmotaxis Assay to evaluate Neurotoxicity in Zebrafish Embryos
Monica Torres-Ruiz!, Maria Mufioz Palencial, Antonio De la Vieja?, Patricia Iglesias-Hernandez® and Ana Isabel Cafias
Portillal, (1)National Centre for Environmental Health, Instituto de Salud Carlos 111, Spain, (2)Endocrine Tumors Unit,
Unidad Funcional de Investigacion en Enfermedades Crénicas (UFIEC), Instituto de Salud Carlos I1l, Spain, (3)National
Centre for Environmental Health and Endocrine Tumors Unit , Instituto de Salud Carlos 111, Spain

Neurotoxicity (NT) of commercialized chemical substances is mainly studied directly following guidelines 424 and 426 of the
OECD that include behavioral endpoints in rodents such as activity, learning, and memory but do not include endpoints related
to anxiety. Moreover, rodent studies are time-consuming, costly, and present ethical issues regarding animal welfare. There is
therefore a need for the development of new approach methodologies (NAMSs) to evaluate the potential neurotoxicity of
thousands of chemicals on the market in a high throughput human relevant manner. The present work will be done within the
European Partnership for the Assessment of Risks from Chemicals (PARC), subtask 5.2.1e, that has the objective of
developing and evaluating NAMs to address NT. In this context the zebrafish embryo (ZFE) up to 120 hours post fertilization
(hpf) is an in vivo model with high human homology but not included in animal welfare regulations and considered a NAM.
Our objective is to develop a high throughput thigmotaxis assay to evaluate possible effects on anxiety-like behavior of
neurotoxic chemicals in 120 hpf ZFE. The assay will include anxiety-like responses to visual and acoustic stimuli. Results of
assay development, including responses to known anxiogenic, anxiolytic, and putative negative substances, and comparisons
between 24 round and 96 square well plate formats will be presented. When completed and evaluated for performance with a
suite of neuroactive chemicals, this assay could be included in a second-generation developmental NT and a first-generation
adult NT alternative test batteries.

1.04.PC Behavioural Toxicology: Methodologies and Research Needs

1.05 Better Alignment of New Approach Methodologies and Adverse Outcome Pathways to Support Next Generation
Risk Assessment

1.05.T-01 The Cross-Species Applicability of the Thyroid Hormone System Disruption (THSD) AOP Network and it’s
Utilisation in Cross-species Extrapolations

Ann-Cathrin Haigis, Lucia Vergauwen and Dries Knapen, University of Antwerp, Belgium

Thyroid hormone system disruption (THSD) is considered a human and environmental health issue. Consequently, multiple
efforts are underway to develop fast and reliable test methods to detect compounds causing THSD. These efforts aim to reduce
rodent-based testing strategies by introducing new approach methodologies (NAMS) like zebrafish embryos. Under the current
EU legislation, zebrafish embryos are not protected up to five days post fertilization. Further, the hypothalamic-pituitary-
thyroid axis of vertebrates is highly conserved and thus zebrafish embryos could be employed as in vivo NAMs to support the
extrapolation of THSD effects to mammals. These extrapolations can be supported by the adverse outcome pathway (AOP)
framework as it provides information about the linkages between a molecular initiating event (MIE) and an adverse outcome
(AO) via causally linked key events (KEs).

By combining single THSD AOPs, developed in different species, an AOP network is formed for which we previously
assessed the cross-species applicability. This cross-species AOP network is the basis of our case study in which we explore the
use of zebrafish embryo test as NAMs for extrapolations of THSD-effects to mammals. First, the response of the (zebra)fish
and mammalian thyroid hormone (TH) system to THSD model compounds (methimazole, 6-propyl-2-thiouracil, perchlorate,
iopanoic acid) was investigated qualitatively and focusing on MIEs, KEs and AOs. Comparing these results to the outcome of
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the tDOA evaluation supports the relevance of KEs and AOs linked e.g., to impaired neural development or eye development
for cross-species extrapolations. Secondly, we compare TH levels of exposed/unexposed mammals and (zebra)fish to
determine whether TH level alterations in both taxa are comparable in direction and magnitude. Baseline TH levels were
established and the impact of THSD model compounds is currently evaluated. Based on preliminary results it appears that e.g.,
methimazole-induced decreases of T4 levels are similar in rats and fish.

Our work highlights the potential of the THSD AOP network to support the extrapolation of THSD effects across vertebrate
taxa, thereby promoting the use of alternative test methods. Specifically, our ongoing comparison of TH level alterations will
facilitate this effort and help bridging THSD effects between mammals and (zebra)fish.

1.05.T-02 Bridging the gap between human toxicology and ecotoxicology via the development of Cross Species Adverse
Outcome Pathway: a case study on silver nanoparticles

Elizabeth Dufourcq Sekatcheff, PhD and Jinhee Choi, School of Environmental Engineering, University of Seoul, Korea,
Republic of (South)

Historically, toxicological and ecotoxicological risk assessment of stressors were conducted separately. But recent efforts have
been made in both disciplines to reduce animal testing and develop predictive approaches instead, e.g., via conserved
molecular markers, and in vitro and in silico approaches. Among them, Adverse Outcome Pathways (AOPSs) have been largely
adopted to facilitate the prediction of molecular toxic effects to larger biological scales. Thus, more and more, toxicological
data are used to inform on ecotoxicological risks and vice versa. An AOP has been previously developed that summarized all
the available data on Caenorhabditis elegans (AOP 207) and predicted reproductive toxicity of silver nanoparticles (AgNPs)
via oxidative stress. In the current study, we aim to extend the taxonomic domain of applicability (tDOA) of this AOP. Various
types of data including in vitro human cells, in vivo, molecular to individual, etc. from our previous studies have been
collected and structured into a new cross species AOP network that can be used for both human toxicology and ecotoxicology
risk assessment. The first step of our approach was the assessment of endpoints from selected studies to fit the AOP criteria.
For each study, the endpoints were listed and translated into AOP wiki Key Events (KE) terms. The second step aimed to
extend tDOA using the SeqAPASS web-based tool on each KE and for the overall AOP. Cross species extrapolation enabled
to predict the reproductive toxicity of AgNPs for over 1000 species. This approach shows that various types of data can be
integrated into an AOP framework and thus facilitates access to knowledge and prediction of toxic mechanisms without the
need for further animal testing. Next steps will focus on expanding this approach to literature data, for example by combining
it with systematic review approaches, and the extrapolation of tDOA for KE with no specific target receptor, using other
approaches than SegAPASS, e.g., phylogenetic approaches. To go further, quantitative data can also be assessed to build a
quantitative AOP.

1.05.T-03 Explainable Artificial Intelligence Models for Developmental and Reproductive Toxicity Prediction using
ToxCast Data in Adverse Outcome Pathway Framework

Donghyeon Kim and Jinhee Choi, School of Environmental Engineering, University of Seoul, Korea, Republic of (South)
Artificial intelligence (Al) models offer a new opportunity to assess the potential toxicity of a vast amount of environmental
chemicals. However, many toxicity prediction models are inherently 'black boxes', making interpretation challenging for
toxicologists and hindering the regulatory acceptance of these models. Inherently, the mechanisms leading to the onset of
apical toxicity are complex, and in the absence of process evidence, it is difficult to trust the results, which may be, in the worst
case, a mere coincidence. The adverse outcome pathway (AOP) framework holds promise in addressing this issue. AOPs can
link molecular toxicity endpoint to human and ecotoxicity endpoint. In response, this study aims to develop explainable
artificial intelligence models for predicting developmental and reproductive toxicity using ToxCast data within an AOP
framework. Initially, in vitro bioactivity data from ToxCast and in vivo toxicity data from eChemPortalDB and ECOTOX DB
were gathered. ToxCast database offer extensive and publicly accessible molecular toxicity information for thousands of
chemicals. These data were then integrated into AOPs associated with developmental and reproductive toxicity, and each
assay-AOP pair underwent further assessment to determine relevance to taxa within ecosystems. Finally, machine learning
models were developed to predict each mechanistic and regulatory endpoint-based toxicity. As a result, models for each key
event and apical endpoint achieved high performance, with AUC-ROC values ranging from 0.56 to 0.88. To broaden the
applicability of models to both human and ecotoxicology contexts, further analysis of the taxonomical domain of applicability
(tDOA) of AOP-based prediction models is underway. This study can serve as a guide for developing explainable machine
learning models based on AOPs, addressing the current primary bottleneck in using Al models for chemical risk assessment.

Acknowledgement: This work was supported by Korea Environmental Industry & Technology Institute (KEITI) through 'Core
Technology Development Project for Environmental Diseases Prevention and Management', funded by Korea Ministry of
Environment (MOE) (2021003310005).

1.05.T-04 A quantitative adverse outcome pathway (QAOP) linking mitochondrial uncoupling to growth inhibition in
Lemna minor

Li Xiet, Yang Cao?, Jannicke Moe!, Jan Thomas Rundberget!, Maria T. Hultman?, Knut Asbjern Solhaug® and You Song,
PhD?, (1)Norwegian Institute for Water Research (NIVA), Norway, (2)Clinical Epidemiology and Biostatistics, Orebro
University, Sweden, (3)Norwegian University of Life Sciences (NMBU), Norway

Uncouplers are a group of chemicals that can cause uncoupling of oxidative phosphorylation (OXPHOS) in mitochondria,
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leading to mitochondrial dysfunction and various adverse effects in organisms. The study aims to construct a quantitative
adverse outcome pathway (qAOP) based on the OECD-endorsed AOP (AOPwiki# 263) for ecological risk assessment. Using
the OECD TG 221 protocol (Lemna sp. Growth Inhibition Test), tailored laboratory studies were conducted to generate a
matrix of data capturing temporal and concentration-dependent changes of four key events (KE1446, KE1771, KE1821, and
KE1521) in Lemna minor exposed to the model uncoupler CCCP (carbonyl cyanide m-chlorophenyl hydrazone). The KEs
were quantified at 48h, 96h, and 7d using the TMRM assay, ATP luminescent assay, EdU assay, and length/size measurement,
respectively. Multiomics analysis (transcriptomics + metabolomics) provided mechanistic insights into possible
feedback/feedforward loops influencing the quantitative understanding. The results indicated that after 7-day exposure, CCCP
induced concentration-dependent reductions in OXPHOS, ATP, cell proliferation, and growth in L. minor, with increasing
ECso values 0f 0.49, 1.98, 2.18, and 2.75 uM, respectively. Such increased ECsp values not only demonstrated sensitivity of
these endpoints to CCCP, but also supported dose-response concordance and possible causal relationships between these KEs.
Analysis of results from 48h and 96h is ongoing. Subsequently, the gAOP models were built using two approaches, piecewise
structural equation modeling (PSEM) and Bayesian network (BN). Besides quantification of response-response relationships,
both approaches were capable of identifying the most influencing KE(s) in the pathway and evaluating the predictive ability of
the gAOP. Results demonstrated the initial gJAOP model presented good predictability of the AO from MIE. The approaches
used herein can be easily adopted by other studies for de novo development of gAOP models.

1.05.T-05 Navigating Complex Biological Systems with PBPK, Text Mining and Al: in silico NAMs for the
Development of Reliable and Robust Quantitative Adverse Outcome Pathways

Achilleas Karakoltzidis, Elisavet Renieri, Nafsika Papaioannou, llias Frydas, Thanasis Papageorgiou, Dayna Schultz,
Catherine Gabriel, Nancy Georgiou, Spyros Karakitsios and Dennis Sarigiannis, Aristotle University of Thessaloniki, Greece
In the context of this study, a computational methodology is presented. It starts with environmental exposure and concludes
with the a disease by constructing gAOPs. Numerous tools and methodologies are developed encompassing NLP, Al,
exposure, PBTK, and systems biology models. Commencing with exposure scenarios, the exposure is quantified across the
three routes. Pharmacokinetic models are employed to convert external exposure into internal exposure. To delve into the
molecular level, in vitro experiments to generate untargeted metabolomics and transcriptomics data were conducted. The data
were integrated to generate multi-omics, aiding in the identification of metabolic pathways perturbed following internal
exposure. This data was input into MINER, a text mining toolbox developed to convert representations of KEGG pathways
into systems biology models. The incorporation of as many biological pathways as possible resulted in the construction of a
big systems biology model, consisting of 1348 differential equations. The Kinetics of the model were parameterized with data
originating from the BRENDA and SABIORK databases as well as with the use of Deep Learning models to estimate the
enzyme properties of interest. Data derived from the HMDB database were utilized to initialize the model. In addition, a
methodology was developed using ML and GAN:Ss to initialize the model. An ML model was generated for each endogenous
metabolite, irrespective of whether its concentration was known. This was conducted for validation purposes. Subsequently,
the model was executed twice. The second run also incorporated the fold change results obtained from the omics. The
simulation output unveiled metabolites whose concentrations changed by an order of magnitude. Owing to this circumstance,
publicly available were gathered to scrutinize the variations in concentrations when an individual is impacted by a disease. The
mathematical equation describing the endogenous metabolite provides a comprehensive network of interactions involving
metabolites, genes, and proteins. For the AOP development, a bottom-up approach is employed, leveraging our knowledge of
the AO and the available information about the MIE. By utilizing transcriptomics, conducting network analysis, and
performing a literature review, the precise MIE was determined. Utilizing the developed NLP tools, the AOP was established.
Additionally, experimental studies were identified for the quantitative description of KERs.

1.05.P Better Alignment of New Approach Methodologies and Adverse Outcome Pathways to Support Next Generation
Risk Assessment

1.05.P-Th001 AOP-Network: Investigation of a Crosstalk Between Retinoic Acid Signaling and Thyroid Hormone
Signaling During Zebrafish Early Development.

Audrey Phan?, Adela Marterova?, Aleksandra Sokolova?, Lisa Annie Baumann® and Klara Hilscherova®, (1)Masaryk
University, Czech Republic, (2 RECETOX, Faculty of Science, Masaryk University, Czech Republic, (3)Environmental Health
and Toxicology, Vrije University Amsterdam, Netherlands, (4)RECETOX, Masaryk University, Czech Republic

As realistic scenarios involve exposure to environmental mixtures of chemicals, characterizing regulatory mechanisms during
embryonic development is crucial for a more realistic hazard assessment. This study contributes to a novel Retinoic Acid
signaling (RA) AOP network (AOPN) and to a better mechanistic understanding of existing Thyroid Hormone (TH) signaling
AOPN. It investigates the crosstalk between RA and TH signaling during zebrafish early development.

Both RA and TH signaling pathways play a major role in various early developmental processes. RA, known as a morphogen,
influences anteroposterior patterning, organogenesis, craniofacial, spine, and tail development. And TH signalling plays a
significant role in the development of structures such as the anterior and posterior swim bladder, and eye development (AOPs
#155-159 and #363 respectively). Our data indicate that RA signaling disruption may also affect posterior swim bladder
inflation and eye development in zebrafish embryos, suggesting a potential crosstalk between RA and TH signaling. The
potential crosstalk could be either direct, meaning that RA will affect TH signaling, or indirect meaning that both signaling
pathways regulate similar developmental processes and need to be balanced to lead to normal development.
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To explore this hypothesis, zebrafish embryos were exposed and co-exposed to All-Trans Retinoic Acid (ATRA) and TH
Receptor antagonist (Diclazuril) during critical developmental windows (4-48hpf, 4-72hpf, and 4-120hpf). An assessment of
malformations associated with each signaling pathway was performed. Craniofacial and tail malformation at 120hpf were
indicative of RA signaling disruption, and eye malformation (changes in retinal pigment epithelium morphology) at 120hpf
and posterior swim bladder inflation at 170 hpf were associated with TH signaling disruption. To further investigate TH
disruption, we used a zebrafish transgenic line (thyroglobulin — mCherry) expressing a fluorescent signal in thyroid follicles.
Finally, gene expression analysis at 15hpf focusing on key genes related to TH and RA signaling disruption, and the wnt and
Sonic Hedgehog (shh) pathways, was performed. Both wnt and shh pathways are known for their role in cell migration during
development and were identified as key players in developmental processes leading to observed malformations.

This study is part of PRORISK-ITN, EU Horizon 2020, Marie Sktodowska-Curie grant (agreement No. 859891).

1.05.P-Th002 Quantitative Systems Modeling of Adverse Outcome Pathways as Translational Tools in Human Health
Risk Assessment

Huan Yang, Mark Davies and Stephan Schaller, esqLABS GmbH, Germany

Adverse outcome pathway (AOP) is a mechanistic representation of a causal chain of critical toxicological effects at diverse
biological organizations ranging from the initial (chemical) stressor-target interaction to an apical or population adverse
outcome. Along with developing different AOPs for predicting human health risk, in vitro effect assays can provide
mechanistic evidence about novel key events (KE) and possibly fill data gaps. In practice, individual in vitro effect assays
often use human cell lines to provide information about subsets of molecular or cellular KEs. To enhance biological coverage,
we propose cross-systems modeling to integrate in vitro and in vivo data to offer mechanism-based toxicity prediction.

First, we develop quantitative systems modelling to advance quantitative understanding of key event relationship (KER) as
outlined by OECD guidelines about AOPs, namely about response-response relationship, time scale, modulating factor, as well
as feedback loops. We demonstrate detailed systems modelling of chemical-induced activation of cellular stress pathways
using public data. Second, we apply systems modelling on apical hepatotoxicity endpoint by integrating in vivo biomarkers.
For both cases, we also exemplify an integration of systems modelling of AOP with biokinetics, which inform chemical fate
and distribution in vitro or in vivo setups. Besides, we create platforms to interactively visualize model perdictions for the two
examples, which aims to facilitate the modelling update for potential users without modelling experience.

To conclude, systems modelling of AOPs can integrate various types of data to increase coverage of biological mechanisms to
better assess chemical-induced human health risk. A broader perspective of systems modelling of AOP for non-chemical
stressors will also be discussed.

1.05.P-Th003 Unveiling an Adverse Outcome Pathway for Caridina africana Following Exposure to Nanodiamonds.
Nichole Sasha-lee Donough?, Tarryn Lee Botha®? and Victor Wepener®3, (1)Water Research Group, North-West University,
South Africa, (2)Department of Zoology, University of Johannesburg, South Africa, (3)Water Research Group, Unit for
Environmental Sciences and Management, North-West University, South Africa

Nanomaterials, characterized by having at least one dimension within the range of 1 nm to 100 nm, hold promise as emerging
technologies for various applications. Nanodiamonds (NDs) have unique properties that make them appealing for use in the
medical field. However, once introduced into aquatic environments, nanomaterials can have adverse effects on the resident
organisms. To elucidate the underlying mechanism, these effects can be unravelled through the adverse outcome pathways
(AOPs) construct. Adverse outcome pathways outline the sequence of events by which contaminants affect organisms, from
molecular-level changes, progressing to physiological, individual, and population-level consequences. While AOPs have been
established for many toxicants, they are relatively scarce for nanomaterials. This study aimed to fill this gap by constructing an
AOP on the effects of NDs on the freshwater shrimp, Caridina africana. Caridina africana was exposed to NDs at sublethal
concentrations, and the metabolomic, respiration rate, heart rate as well as behavioural responses were determined. Exposure
of C. africana to NDs resulted in an increased level of Proline metabolites, an elevated oxygen consumption rate and reduced
behavioural activity. These responses of C. africana was a result of increased physiological stress, which in turn led to an
increased mortality rate. Although NDs are considered inert, its toxicity is attributed to its particle size, agglomeration
potential, and the adsorption to the shrimp’s external surface. These toxicity attributions generated reactive oxygen species
which affected the shrimp’s physiological responses. These hierarchical biological responses were successfully integrated into
the AOP construct, which provides valuable insight into the mechanism by which nanomaterials can impact aquatic organisms.

1.05.P-Th004 Development of Quantitative Adverse Outcome Pathway for Respiratory Diseases Induced by
CMIT/MIT using Transcriptomic Profiling

Yongmin Jung and Jinhee Choi, School of Environmental Engineering, University of Seoul, Korea, Republic of (South)
Respiratory diseases linked to humidifier disinfectant (HD) exposure, particularly involving the biocide mixture 5-chloro-2-
methyl-4-isothiazoline-3-one and 2-methyl-4-isothiazolin-3-one (CMIT/MIT), have raised significant health concerns in
Korea. Despite established epidemiological connections between HD exposure and respiratory diseases, the precise toxicity
mechanisms remain elusive. This study aimed to construct a quantitative adverse outcome pathway (AOP) for CMIT/MIT -
induced respiratory diseases, employing transcriptomic profiling. First, differentially expressed genes (DEGs) analysis
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revealed a dose-response relationship for the three time points (4, 24, 72h) using BMDExpress2 (|Log2FC| > 0.6, P-value <
0.05). Subsequently, toxicity pathways were identified using Ingenuity Pathway Analysis (IPA) (P-value < 0.05) and the
Benchmark Dose (BMD) medium value were calculated for each pathway. We selected toxicity pathways with a time- and
dose-response relationship and linked them to four respiratory diseases based on epidemiological findings. This study
supported the early toxicity pathways by analyzing transcriptome data from established AOP based on epidemiological studies
conducted at CMIT/MIT. Also, our study proposes a quantitative AOP for CMIT/MIT through the time- and dose-response
relationship of transcriptome data, highlighting the understanding of toxicity mechanisms by quantifying early key events in
respiratory diseases following CMIT/MIT exposure.

Acknowledgement: This work was supported by Korea Environment Industry & Technology Institute (KEITI) through
Technology Development Project for Safety Management of Household Chemical Products, funded by Korea Ministry of
Environment (MOE)(RS-2023-00215309)

Keywords: Biocides, Adverse Outcome Pathway, Transcriptome, Benchmark Dose, Respiratory Diseases

1.05.P-Th005 Development of Quantitative Adverse Outcome Pathway Leading to Hepatocellular Carcinoma using
Transcriptomics Data with Benchmark Dose Analysis

Jaeseong Jeong?, Fatima Baldo? and Jinhee Choi?, (1)School of Environmental Engineering, University of Seoul, Korea,
Republic of (South), (2)University of Seoul, Korea, Republic of (South)

Hepatocellular carcinoma (HCC) is the fourth most common cancer globally and is the second leading cause of cancer death in
East Asia. Allyl alcohol is an allylic alcohol used as a precursor in the manufacture of plasticisers, pharmaceuticals, resins,
acrolein, and herbicides. Allyl alcohol undergoes alcohol dehydrogenase oxidation to form acrolein leading to hepatotoxicity
and eventually HCC. An adverse outcome pathway (AOP) is a framework that integrates existing knowledge to describe the
effect of a substance from its initial interaction with a biological system (molecular initiating event) cascading through the
different levels of cellular, linked together by key event relationships required to produce a toxic effect (adverse outcome). In
this study, we present an AOP for HCC using transcriptomic data and benchmark dose (BMD) analysis to identify the pivotal
point at which key events in the AOP occur. We extracted human gene expression data of allyl alcohol exposure from Open
TG GATEs database, and calculated the BMD and mapped the values onto genes and biological processes to identify the
important processes initiated at these values. Disease and biological process data were collected from the Comparative
Toxicogenmic Database to build the AOP. We found that the pathways leading to HCC were time and dose sensitive. We
suggest an AOP leading to HCC via “upregulation of FGFR3”, “upregulation of IGF1R”, “activation of P13K cascade”,
upregulation of mitotic G2-G2/M phases”, and “cell proliferation and survival”. This study provides a framework to suggest
the adverse outcomes of environmental toxins through integrating publicly available multi-omics data. Furthermore,
benchmark dose analysis can be used to predict the pivotal point at which key events in the AOP occur.

Acknowledgements: This work was supported by Korea Environmental Industry & Technology Institute (KEITI) through
'‘Core Technology Development Project for Environmental Diseases Prevention and Management', funded by Korea Ministry
of Environment (MOE) (2021003310005).

Keywords: transcriptomics, quantitative adverse outcome pathway, benchmark dose, allyl alcohol, hepatocellular carcinoma

1.05.P-Th006 Development of adverse outcome pathways and testing strategies for endocrine disrupting chemicals and
mixtures promoting metabolic dysfunction-associated steatotic liver disease

You Song, PhD?, Jorke Kamstra?, Maria T. Hultman?®, Emma Kasteel®, Jannicke Moe?!, Tuulia Hyétylainen* and Matej
Oresic®, (1)Norwegian Institute for Water Research (NIVA), Norway, (2)Utrecht University, Netherlands, (3)Institute for Risk
Assessment Sciences (IRAS), Utrecht University, Netherlands, (4)School of Science and Technology, Orebro University,
Sweden, (5)School of Medical Sciences, Orebro University, Sweden

Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most common liver disorder found in a quarter of the
world’s population. Growing evidence suggests that exposure to endocrine disrupting chemicals (EDCs) can promote the
initiation and/or progression of MASLD, either directly or by exacerbating the effects of a high-fat diet, genetics and/or
lifestyle factors. The newly launched Horizon Europe project EDC-MASLD (2024-2029) aims to elucidate the impact of
EDCs on the initiation and progression of MASLD, utilizing cutting-edge systems biological/toxicological approaches. One of
the missions of EDC-MASLD is to develop adverse outcome pathways (AOP) and integrated testing strategies for rapid
identification and assessment of EDCs promoting MASLD. New AOPs will be assembled based on a collection of existing
knowledge through systematic review, relevant key events and relationships in the AOPWiki, in-house data, and systems
biological understanding (e.g., genome-scale metabolic model) of the progression of MASLD. The strength of evidence
support for the AOPs will be assessed based on the Evolved Bradford Hill weight of evidence considerations, according to
OECD’s guidance document on AOP development. The chemical applicability domain will be defined by identifying EDCs
affecting the same MIE or KEs in the MASLD AOPs, based on existing information from screening programs such as the
Tox21. Bioinformatics approaches will be used to identify similarities of major genes and proteins across biological systems
and define the biological applicability of the AOPs. In addition, quantitative AOPs will be constructed for selected chemicals.
The AOPs will suggest critical knowledge needs, relevant chemical domain, test doses/concentrations, key events for
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measurement and exposure duration for the EDC tests with different experimental models. As an alternative to the mammalian
models, zebrafish (in vitro hepatic 3D spheroids and in vivo transgenic embryos) will be used as a pre-screening tool to select
candidate EDCs and mixtures (as suggested by human cohort studies) for in-depth assessment. Combined effect modeling will
be performed with the screening data to identify possible interactive effects of EDC mixtures on the progression of MASLD.
The project will generate comprehensive knowledge on the chemical-mediated progression of MASLD and supply useful tools
for future regulation of EDCs.

1.05.P-Th007 Alterations of ubiquitin-dependent catabolic pathway and growth in the brackish water clam Corbicula
japonica caused by environmental stress in estuaries revealed by transcriptome analysis

Ihn-Sil Kwak?! and Kiyun Park?, (1)Department of Ocean Integrated Science, Chonnam National University, Korea, Republic
of (South), (2)Fisheries Science Institute, Chonnam National University, Korea, Republic of (South)

Estuaries are dynamic ecosystems that experience environmental impacts, such as saltwater intrusion and the influx of
anthropogenic and natural resources, including heavy metal pollution and hazardous substances. The brackish water clam
(Corbicula japonica) is constantly exposed to stressful salinity gradients and high levels of heavy metals in the freshwater-
saltwater interface of estuary environments. To identify the key molecular pathways involved in the response to salinity
changes and heavy metal bioaccumulation, we obtained the transcriptomes of C. japonica inhabiting different salinities and
heavy metal distributions in Gwangyang Bay (Korea) using RNA sequencing. Among a total of 404,486 assembled unigenes,
5534 differentially expressed genes were identified in C. japonica inhabiting different conditions, 1549 of which were
significantly upregulated and 1355 were significantly downregulated. Correlation analyses revealed distinct gene expression
patterns between the low and high conditions of salinity and heavy metal bioaccumulation. Functional annotation revealed
significant downregulation of genes involved in “ubiquitin-dependent protein catabolic process,” “tricarboxylic acid cycle,”
and “intracellular protein transport” in C. japonica from the high condition compared to the low condition. Transcription and
translation pathways were significantly enriched in the high condition. Additionally, upon comparison of the low and high
conditions by gRT-PCR and proteasome enzyme activity analyses, our findings demonstrated that environmental stress could
suppress the ubiquitin-proteasome complex (UPC). Additionally, transcriptomic changes under high salinity stress conditions
may be related to an increase in cellular protection by defense enzymes, which leads to more energy being required and a
disruption of energy homeostasis. Ultimately, this could cause growth retardation in the clam C. japonica. In summary, this
study provides the first evidence of UPC suppression induced by a combination of high salinity and heavy metal
bioaccumulation stress in C. japonica, which could compromise the survival and growth of estuarine bivalves.

1.05.P-Th008 Ecotoxicogenomic Hazard Assessment of Artificial Sweeteners in Aquatic Model Organisms

Alexandra Loll, Christoph Schaefers?, Henner Hollert® and Sebastian Eilebrecht!, (1)Ecotoxicogenomics, Fraunhofer
Institute for Molecular Biology and Applied Ecology (IME), Germany, (2)Ecotoxicology, Fraunhofer Institute for Molecular
Biology and Applied Ecology (IME), Germany, (3)Evolutionary ecology and environmental toxicology, Goethe University
Frankfurt, Germany

Since their approval as food additives, artificial sweeteners are commonly used in food, beverages as well as in personal care
products all around the world. The widespread and intensive consumption of artificial sweeteners in combination with their
high stability and water solubility has led to their release into the aquatic environment, where they prove to be persistent.
Given that no detailed environmental risk assessment was carried out as part of the food additive approval process, it is still
unclear whether and to what extent ecotoxic effects are to be expected. Although this has already been pointed out in literature
multiple times, studies regarding the ecotoxicity of artificial sweeteners are still lacking. The few studies that have been carried
out, could already reveal some ecotoxic effects, such as neurotoxicity in zebrafish embryos caused by Acesulfame K or
increased immobility of daphnids caused by Sucralose.

With this in mind, the aim of this project is to enable an assessment of the ecotoxic potential of artificial sweeteners, using
OMIC-methods. To fill the existing data gaps, investigations regarding their effects on ecotoxicologically relevant model
organisms from different eukaryotic kingdoms will be performed. More precisely, the aquatic plant Lemna minor, the
Crustacean Daphnia magna and the teleost fish Danio rerio (embryo) will be examined. In addition to the performance of the
corresponding guideline of the Organisation for Economic Cooperation and Development (OECD), effects will be recorded at
the gene expression level using RNA sequencing and thus enable insights into the modes of action that correspond to the
hazardous effects. This promising combination of methods will be performed on artificial sweeteners for the first time, which
finally may show that the assessment of ecotoxicity should no longer be neglected in the approval procedures for food
additives.

1.05.P-Th009 Omics-based fingerprinting of neurotoxic and microtubule-disrupting pesticides in zebrafish embryos
Steve Uwa Ayobahan Dr.%, Hannes A. Reinwald?, Christoph Schaefers® and Sebastian Eilebrecht?, (1)Ecotoxicogenomics,
Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Germany, (2)Early Environmental Safety, Bayer AG,
Germany, (3)Ecotoxicology, Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Germany

Plant protection products play a pivotal role in agriculture, yet their impact on non-target organisms and the environment raises
growing concerns due to some of their non-selective harmful effects and bioaccumulation potential. Conventional
environmental risk assessments of pesticides primarily focus on lethal concentrations, neglecting the intricate influence of
sublethal effects and exposure timing during critical developmental phases, potentially leading to developmental abnormalities.
This study employs transcriptomic analysis to uncover the molecular fingerprints of two pesticides — the neurotoxic insecticide
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endosulfan and the microtubule assembly inhibitor herbicide benfluralin - in zebrafish embryos. In the present study, zebrafish
embryos were exposed to different sublethal concentrations of endosulfan and benfluralin in a modified 96 hours zebrafish
embryo toxicity test (ZFET). Notably, no significant effects on survival or hatching rates were observed compared to the
control group. However, transcriptomic analysis revealed distinct molecular responses in embryos exposed to each pesticide,
delineating their specific impacts on biological processes. Benfluralin exposure led to differential expression of genes
associated with muscle cell differentiation, heart contraction, and skeletal muscle development. Conversely, endosulfan
exposure targeted genes crucial for hormone response, neuron apoptotic processes, and neuron death, pivotal for nervous
system development. These findings highlight the intricacy of sublethal effects induced by these compounds on non-target
organisms, emphasizing the need for a more comprehensive assessment beyond survival-focused evaluations. Integrating these
molecular insights into risk assessment frameworks is imperative, especially in establishing transcriptomic points of departure
(tPODs) protective against chronic effects. This integration recognises complexities beyond traditional endpoint measurements
and provides additional weight-of-evidence for a more holistic assessment of pesticide toxicity.

1.05.P-Th010 In vitro assessment of the synergistic potentials of the ingredients in surface applied preservatives for
dermal cytotoxicity and skin sensitization

Haena Kim, Kyounghee Kang, Sangmoon Han and Sunmi Kim, Chemical Analysis Center, Korea Research Institute of
Chemical Technology (KRICT), Korea, Republic of (South)

Wood preservatives are biocidal products used to protect wood used in building materials, furniture or consumer products.
Consumers may be exposed to low concentrations of biocidal components on the skin through direct daily use of the products.
Taking into account the dermal route of exposure, we attempted to determine the cytotoxicity and skin sensitization of single
components and their mixtures contained in commercial wood preservatives. Three preservatives were selected because their
ingredient information was available in a previously established biocidal product database in South Korea. As a first step, nine
compounds were tested for their cytotoxicity using the HaCaT, skin keratinocytes. The compounds with EC50 values less than
1,000 uM were included in binary or tertiary equitoxic mixtures, depending on whether these compounds were simultaneously
present in the same preservative product. The ECx value derived from the mixture toxicity test was compared with the ECx
value predicted by the concentration addition (CA) model to calculate the model deviation ratio (MDR) to determine the
interaction between mixture components. We found that certain combinations showed synergism in the cytotoxicity assay, so
as a further step we tried to confirm the mode of action and synergistic effects by the ARE-Nrf2 assay using KeratinoSens™
cell line based on OECD TG 442D. In the cytotoxicity test, five compounds showed ECsg values of less than 1,000 uM, and a
synergistic effect was observed with an MDR of 7.28 to 25.03 in a mixture containing a carbamate family compound. In the
KeratinoSens assay, a synergistic effect was also observed in a carbamate compound containing mixtures. We confirmed that
the synergistic interaction of a carbamate group biocidal compound was mediated by the second key event (KE) of the AOP
(Adverse Outcome Pathway) for skin sensitization. Given the relatively high synergistic effect, further research and
consideration of the hazards and interactions of the mixtures in commercial products is needed for the safety management of
wood preservatives and related biocidal products.

1.05.P-Th011 In vitro Toxicity screening of real-life mixture using HepG2 cells

Kang Kyoung Hee, Haena Kim, Sangmoon Han and Sunmi Kim, Chemical Analysis Center, Korea Research Institute of
Chemical Technology (KRICT), Korea, Republic of (South)

To develop the risk prediction technology for mixture toxicity, a reliable and extensive dataset of experimental results is
required. In everyday life, people are exposed to complex mixtures comprising more than ten compounds unintentionally, yet
most published literature has only data in combinations with two or three substances. Therefore, there is a very limited dataset
for predicting the toxicity of complex mixtures. On the other hand, complex mixtures may have different mode of actions
(MoA) due to their variety of composition, posing difficulty in the prediction using conventional toxicity prediction models,
i.e., concentration addition (CA) and independent action (I1A) models. In this study, we aimed to generate an experimental
dataset comprising complex mixtures. These mixtures were representative of our real-life exposure to be served as reliable
dataset for developing the prediction model for mixtures with different MoA. To identify the target complex mixtures, we
referred the findings of the HBMA4EU project. We identified three groups of 7~10 substances that were commonly detected
together in human bodies, namely environmental phenols, perfluorinated compounds, and heavy metal compounds, assuming
them to have different MoA. Additionally, we added a separate mixture consisting of 9 organophosphate flame retardants
(OPFRs) which may have a similar MoA. All target substances were tested for cytotoxicity using HepG2 cell lines and the
EC10 values were derived after 48-hrs exposure. Then, 50 different complex mixtures were generated with equitoxic mixtures
of EC10 levels, randomly selected. To determine the interaction effect, the model deviation ratio (MDR) was calculated by
comparing the observed EC10 with the predicted EC10 from the CA model. These values were then categorized to the three
types of interactions. Dose-response curves and EC50 values were calculated for all complex mixtures. Out of 50 mixtures,
none demonstrated synergism, while 6 mixtures exhibited antagonistic effect (MDRs 0.31~0.48). The remaining mixtures
showed additivity (MDRs 0.50~1.34). Our experimental data has been formatted and constructed to the database. It will be
used to conduct further research that aims to develop a novel two-stage mixture prediction model for application in the mixture
risk assessment.

1.05.P-Th012 Apical and molecular endpoints in zebrafish embryos exposed to cadmium
Bruna Veiral, Janan Gawra?, Enia Correia®, Joana Luisa Pereira®, Ines Domingues! and Laia Navarro-Martin?, (1)CESAM -
Department of Biology, University of Aveiro, Portugal, (2)Environmental Chemistry, Institute for Environmental Assessment
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and Water Research, Spanish Research Council (IDAEA-CSIC), Spain, (3)Department of Biology, University of Aveiro,
Portugal

The EPIBOOST project aims at validating the epigenetic modifications caused by chemicals as biomarkers of relevance which
can support more accurate environmental risk assessment. For this, a multiparametric approach is pursued by looking at effects
of chemicals from the individual and biochemical levels to the transcriptomic and epigenetic levels, with the aim of
establishing a link between phenotypic and molecular endpoints. In this work, taking cadmium (Cd) as case study, 96 hours
zebrafish larvae were exposed to sublethal concentrations of Cd for 24 hours. Apical endpoints analysed included mortality,
development, and swimming behaviour (swimming distance and path angles). At the same time, we analysed biochemical
endpoints including biotransformation enzymes (glutathione-s-transferase (GST)), antioxidant enzymes (catalase (CAT),
glutathione peroxidase (GPx) and glutathione reductase (GR)), oxidative damage markers (lipid peroxidation (LPQ)), and
neurotoxicity markers (acetylcholinesterase (AChE)). At concentrations tested no effects on survival or development (delays or
anomalies were observed) and the antioxidant system did not seem to have been activated (no changes in GST, CAT, GPx or
GR activities were detected). AChE was however inhibited suggesting neurotoxicity elicited by the tested Cd concentrations.
This was further supported by changes in behavioural parameters at the last concentration tested namely changes in the
proportion of rapid/slow movements and changes in the proportions of zigzag movements/straight movements. At present, we
are performing transcriptomic and DNA methylation analysis to evaluate the effects of Cd exposure at the genomic level. In
the near future we will integrate molecular and apical endpoints to identify biomarkers of exposure to cadmium. This data will
contribute to understand the Cd adverse outcome pathway and validate epigenomic effects as a valuable tool to understand
effects of contaminants at larger ecological scales.

EPIBOOST is funded by the European Union (UE) through the Grant 101078991 - views and opinions expressed are however
those of the authors only and do not necessarily reflect those of the EU or the European Research Executive Agency; neither
the EU or the granting authority can be held for them.

Keywords: Danio rerio, embryo development, locomotor behaviour, biomarkers, transcriptomics, DNA methylation

1.05.P-Th013 Molting inhibition in non-model species Calanus finmarchicus exposed to aquatic veterinary agents
Celine Vaga?!, Knut Erik Tollefsen?, Dag Altin® and Bjgrn Henrik Hansen*, (1)Faculty of Environmental Sciences and Natural
Resource Management, Norwegian University of Life Sciences (NMBU), Norway, (2)Norwegian Institute for Water Research
(NIVA), Norway, (3)Research Infrastructure SealL.ab, Norwegian University of Science & Technology (NTNU), Norway,
(4)SINTEF, Norway

The Norwegian aquaculture industry is one of the most important industries in coastal areas and farmed Atlantic salmon
(Salmo salar) represents the second largest export in Norway. Control of threats to this economically important industry is
important at both local and national levels. One of the largest threats to this industry is parasite infections of salmon from
salmon louse (Lepeophtheirus salmonis). Chemotherapeutics and other strategies have been used to protect farmed fish in
open-net pens from this parasite, one of them being the use of chitin synthesis inhibitors (CSI) such as teflubenzuron (TEF)
and emamectin benzoate (EMB). TEF and EMB are among the most used feed-administered CSI. Although the adverse
endpoints are similar, the compounds have different molecular modes of action. TEF inhibits the expression of the enzyme
chitin synthase causing reduced chitin production and disrupted molting in immature stages of salmon louse. EMB on the other
hand, has a neural inhibitory effect on the regulation of ecdysis causing the same endpoint as TEF, Thus, both these CSI have
adverse effects on the molting process in salmon louse and are especially effective against the more molting frequent larval and
pre-adult life stages. As chitin synthesis is an arthropod-specific process, CSI has low toxicity to vertebrates and algae.
However, they are likely to have adverse effects on nontarget arthropod species such as the copepod Calanus finmarchicus a
key species in the Northern Atlantic ecosystem. The aim of this project is to assess the sensitivity of C. finmarchicus to CSI
exposure and uncover the causal relationships between CSI exposure and adverse effects. The objectives are to study CSI-
mediated changes in chitin content, expression of genes related to molting (ecdysis), and imaging of structural deterioration of
the copepod cuticle. Based on this information, a conceptual overview linking events together in relationships in an adverse
outcome pathway (AOP) framework will be outlined. Preliminary results indicate that nauplii of C. finmarchicus display
increased mortality at concentrations >200 times lower for teflubenzuron than emamectin benzoate, thus C. finmarchicus are
much more sensitive to the teflubenzuron.

Acknowledgements: This work was supported by the Research Council of Norway (RCN) Project EXPECT (RCN-315969)
and NIVAs Computational Toxicology Program, NCTP (RCN- 160016)

1.05.P-Th014 A Gamechanger In The Mutagenicity Characterization of Azo Dyes

Gabriely Fernanda Groto Militdo?!, Anjaina Fernandes de Albuquerque!, Nelson V. Benitez? and Gisela de Aragéo
Umbuzeiro?, (1)Faculdade de Tecnologia, Universidade Estadual de Campinas (UNICAMP), Brazil, (2)Wilson College of
Textiles, NCSU

Azo dyes, characterized by the functional group (-N=N-), are the most widely used dye class in several applications such as
textiles, cosmetics, pharmaceuticals and food. That is why studies on their mutagenicity have been carried out over the years.
However, the uncertainty about their purities, solubility issues, and lack of molecular confirmation may have compromised
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some of the published results. Well-chemically characterized samples are mandatory in the development of high quality in
silico prediction models. The Salmonella/microsome assay is the most common and easy way to evaluate chemicals
mutagenicity, using different genetically modified strains of Salmonella bacteria to detect gene mutations. In the literature, the
use of TA98 and TA100 strains has been considered enough to detect the mutagenicity of the majority of chemicals. The
strain YG1041 has shown higher sensitivity to azo dyes. In a recent publication, from six azo dyes evaluated, two would not be
considered mutagenic if not tested with this strain. But YG1041 has not been included in any regulatory testing battery so far.
This study aimed to verify the effect of the inclusion of YG1041 in the mutagenicity evaluation of five highly purified azo dyes
(purity > 97%) selected from the North Carolina State University's Maax Weaver Library (MWDL). Chemical structures and
purity were confirmed using a High-performance liquid chromatography quadrupole-time-of-flight mass spectrometry (HPLC-
Q-TOF MS) equipped with an electrospray ionization (ESI). Dyes were tested with YG1041, TA98 and TA100 with and
without metabolic activation (rat liver S9 5%, Aroclor induced) in a miniaturized version of the Salmonella/microsome assay,
the microplate agar (MPA). Dyes were dissolved in dimethyl sulfoxide at their solubility limit and tested in concentration-
response experiments. The five dyes showed mutagenicity to YG1041 with S9, but only one was also mutagenic with TA98.
None was mutagenic to TA100. The inclusion of YG1041 was crucial to detect the mutagenicity of 4 of the five dyes

tested. Along with the literature data, and the results obtained in this work we believe that the YG1041 should be considered
by regulatory agencies for azo dyes mutagenicity evaluation.

Acknowledgments: The authors thank Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior - Brasil (CAPES)”
(Finance Code 001) and Fundacdo de Amparo a Pesquisa do Estado de Sdo Paulo (FAPESP 2022/04482-9)

1.05.P-Th015 Insights into the Microbial Degradation Potential of Hydrocarbon Contaminants across the Baltic Sea
Environment

Joeselle Serrana?, Francisco J. A. Nascimento?, Benoit Dessiriers, Malte Posselt* and Elias Broman?, (1)Stockholm University
Center for Circular and Sustainable Systems, Sweden, (2)Department of Ecology, Environment, and Plant Sciences, Stockholm
University, Sweden, (3)Baltic Sea Centre, Stockholm University, Sweden, (4)Department of Environmental Science, Stockholm
University, Sweden

The Baltic Sea is loaded with petroleum-based substances, e.g., hydrocarbons and plastic waste, from various sources.
Microbial communities drive organic matter degradation, and are naturally capable of degrading environmental pollutants. The
information on the degradation potential of contaminant-exposed microbial communities can be used to estimate persistence or
to predict the fate or accumulation of petroleum-based pollutants in the environment. This would be useful in managing and
mitigating the crisis in crude oil and plastic pollution in the Baltic region. However, there is still limited information on the
degradation potential of microbial communities in the Baltic Sea, alongside the lack of environmental monitoring information
on these contaminants. This prompts the need for a comprehensive profile of the microbial degradation capacity of the region.
In this study, we utilize metagenomics and profile the microbial degradation potential of the Baltic Sea, specifically focusing
on hydrocarbon aerobic degradation in its benthic ecosystem. We report the genes and enzymes involved in alkane, alkene,
aromatic, and plastic aerobic degradation, and biosurfactant production across Baltic Sea regions, and identify key
environmental factors influencing gene diversity. Our report aims to deepen our understanding of microbial degradation of
contaminants that would be useful for improving mitigation strategies for crude oil spills and plastic pollution in the Baltic Sea
while addressing critical environmental concerns.

1.05.P-ThO016 Differential expression of different clusters of non-coding RNAs (ncRNAs) and altered gene regulation in
response to exposure of ten environmental stressors to EndoC-BH1 pancreatic b - cells

Ilias Frydas?, Dayna Schultz!, Spyros Karakitsios!, Paloma Magdalena Alonso Dr.? and Dennis Sarigiannis?, (1)Aristotle
University of Thessaloniki, Greece, (2)Universidad Miguel Hernandez, Spain

Non-coding RNAs (ncRNAs) play a crucial role in epigenetic alterations after exposure to environmental chemical factors.
NcRNAs include the microRNAs (miRNAs), the long non-coding RNAs (IncRNAs), small nucleolar RNAs (snoRNAs), and
among others include also the pseudogene transcripts which are RNA molecules that have been transcribed from a DNA
segment that resembles a protein-coding gene but, this DNA is never expressed as a protein. In the context of the OBERON
Horizon2020 European project ten different environmental stressors including BPA, BPF, BPS, BP, DBP, CdCI2, PFOS,
PFOA, DEHP, and DDE in various concentrations ranging from 0.1 to 100 nM, and to timepoints ranging from 24 to 72 hours.
Afterwards, cells were subjected to RNA extraction and whole genome microarray analysis was performed using the Agilent
SureScan platform. Bioinformatic analysis was conducted applying two different methods, the Agilent GeneSpring software
and the limma R package. Subsequent analysis was focused to identified differentially expressed genes (DEGS) that encode for
IncRNAs and pseudogenes that have been found to all treated concentrations for each different chemical. Microarray probes
are updated and originate from the eArray database and include identified or predicted INcCRNAs, snoRNAs and pseudogenes.
Results have shown that in all the treated cells with environmental stressors differential expressed InNcRNAs regulate genes
associated to DNA repair, modulation of chromatin function, interference with signalling pathways, and nucleotide excision
repair. In addition, snoRNAs which affect cell and tissue pathophysiology were found to be significantly altered in all
concentrations in DDE, DEHP, DBP and BPA treated cells. All the aforementioned ncRNAs ultimately affect gene expression
in diverse biological and physiopathological contexts. Thu, since EndoC-BH1 cell line is a model for human beta cells, the next
step is on the hand to validate the differentially expressed ncRNAs as novel biomarkers of exposure linked to insulin secretion,
proliferation, apoptosis, and endoplasmic reticulum (ER) stress, and on the other hand to develop Adverse Outcome Pathways
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(AOPs) with the final endpoint being different conditions of the metabolic syndrome, such as insulin resistance, type 2
diabetes, obesity and non-alcoholic fatty liver disease (NAFLD).

1.05.P-Th017 An overview of the effects of Polycyclic Aromatic Hydrocarbons (PAHSs) mixtures in both in vivo and in
vitro models.

Beatriz Matos?, Isabella Bramatti?, Neusa Figueiredo?, Mario Diniz®, Vasco Branco®* and Marta Martins®, (1)MARE - Marine
and Environmental Sciences Centre, NOVA School of Science and Technology, Portugal, (2)Research Institute for Medicines
(iMed.Ulisboa), Faculty of Pharmacy, Universidade de Lisboa, (3)UCIBIO, REQUIMTE, Portugal, (4)Egas Moniz Center for
Interdisciplinary Research (CiiEM); Egas Moniz School of Health &Science, Campus Universitario, Portugal

Polycyclic aromatic hydrocarbons (PAHSs) are complex carbon and hydrogen compounds formed by the fusion of aromatic
rings and are commonly found in the environment. Due to their low water solubility, PAHSs persist, bioaccumulate, and induce
toxic effects (oxidative stress, inflammation, and cell death). Some PAHS, pose challenges as they exist in complex mixtures in
the environment. The main objective of this work is to understand the mode of action (MoA) of environmentally relevant PAH
mixtures using several biological models, like fish primary hepatocytes, zebrafish immortalized hepatocytes (ZFL cell line),
immortalized human hepatocytes (HepG2 cell line) and adult fish.

In the in vitro experiments cells were exposed to three PAHs (Benzo[a]pyrene - B[a]P, Phenanthrene - Phe and
Benzo[b]fluoranthene - B[b]F) individually and in mixtures (1:1, 1:2, 2:1). Toxicological responses, including viability,
CYP1ALl expression and activity, and DNA damage, were assessed after 24h and 48h in a concentration range from 5 to 100
M. For the in vivo bioassay, Sparus aurata specimens were exposed for 42 days to Phe and B[a]P individually and in
mixtures (1:2, 2:1). Biochemical analyses related to oxidative stress and PAH detoxification pathways were conducted.

Results from the in vitro assays showed that B[a]P upregulated CYP1AL, enhancing activity and inducing genotoxic DNA
damage. Mixtures of Phe and B[a]P exhibited heightened CYP1A1 mRNA levels and DNA damage. In the in vivo bioassay,
was found that in adult S. aurata, PAH mixtures showed different effects on antioxidant enzymes and CYP1AL expression
compared to individual compounds. However, no significant increase in DNA damage or lipid peroxidation was observed.

Overall, this study demonstrates the unpredictable behavior of mixtures. These findings highlight the underestimated risk
posed by PAH mixtures. Therefore, efforts should be made to improve environmental guidelines, as the possible synergistic or
antagonistic effects of mixtures of different types of PAH may be underestimated.

1.05.P-Th018 Deriving Predicted No-effect Concentration of Tributyltin for Marine Environment Using Taxon-specific
Adverse Outcome Pathways

Zhaochuan Li, Ying Wang and Juying Wang, National Marine Environmental Monitoring Center, China

Tributyltin (TBT), an acknowledged endocrine disrupting chemical (EDC), can trigger endocrine disruption in marine
organisms, resulting in adverse outcomes of growth and reproductive effects. The marine ecological risks posed by TBT
compounds remain a concern following the global ban. However, conventional procedures for the derivation of predicted no-
effect concentration (PNEC) typically fail to account for non-apical endpoints for endocrine disrupting effects and diverse
taxonomic groups, which may provide insufficient protection for marine species. In this study, a method for PNEC derivation
of EDCs was constructed applying taxon-specific adverse outcome pathways (AOPs) and species sensitivity distribution.
Chronic toxicity dataset for indigenous marine species containing apical endpoints as well as non-apical endpoints associated
with taxon-specific AOPs were employed to derive TBT’s PNEC for Chinese marine environment. Sensitive non-apical
endpoints included craniofacial malformations (fish; growth), morphology alteration of appendages (crustaceans; growth),
ecdysteroid levels (crustaceans; growth), vas deferens sequence index (mollusca; reproduction), levels of sex hormones (fish;
reproduction), and developmental stage of testicular cells (fish; reproduction). According to the sensitivity discrepancy
analyses, the sensitivity of fish, crustaceans, mollusca, and microalgae to TBT decreased sequentially. The reproduction had a
lower hazardous concentration for 5% of species (0.693 ng/L) in comparison to the growth effect (1.53 ng/L). The PNEC
based on combined apical and non-apical endpoints was 1.3 ng/L (95% confidence intervals: 0.23~7.1 ng/L), which was 2.4
times lower than that estimated on the basis of apical endpoints. Imposex data from field studies on gastropods highlighted the
significance for supplementation of non-apical endpoints to improve the conservativeness of PNEC. The current results will
provide a valuable reference for deriving PNEC of EDCs with ecological relevance and low uncertainty, protecting marine
organisms from endocrine disruption.

1.05.P-Th019 Modes of Action of Thyroid Disruption: Insights from Zebrafish Transcriptomics

Fabian Essfeld®, Antonia Bruder?, Julia Alvincz®, Steve Uwa Ayobahan Dr.3, Christoph Schaefers? and Sebastian Eilebrecht?,
(1)Ecotoxicogenomics, Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Schmallenberg, Germany,
(2)Ecotoxicology, Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Germany, (3)Ecotoxicogenomics,
Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Germany

Chemicals released into the environment pose a significant threat to wildlife species. Traditional approval processes, especially
for detecting endocrine-disrupting compounds, involve costly and ethically challenging animal experiments. This study
explores an alternative approach, utilizing transcriptome analysis in zebrafish embryos to identify gene biomarkers for thyroid-
related modes of action (MoA) with the aim to potentially serve as screening tool for compound prioritization. Four reference
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substances, iopanic acid (IOP), methimazole (MMI), propylthiouracil (6-PTU), and triiodothyronine (T3), all targeting thyroid
pathways, were examined. Zebrafish embryos were exposed to different concentrations of all test substances following OECD
guideline 236. Physiological endpoints and low sub-lethal concentrations for the main study were determined. The main test
involved RNA sequencing and differential gene expression analysis at 96 hours post fertilization. Survival and swim bladder
length reduction were observed in embryos exposed to IOP and MM, with delayed hatching observed only for MMI.
Transcriptome analysis identified 973 differentially expressed genes (DEGs) for IOP and 1211 DEGs for MM, with distinct
expression patterns. These patterns correlated with underlying mechanisms of action, such as deiodinase inhibition by 10P or
thyroperoxidase inhibition by 6-PTU and MMI. Physiological effects, especially delayed hatching and decreased swim bladder
size, are in accordance with the adverse outcome pathway concept, since impaired underlying muscle fibre development could
already be observed at the gene level. The results for IOP and MMI are also supported by results for T3 and 6-PTU and
demonstrate the applicability of the approach for screening purposes. Overall, our methodology demonstrated sensitivity
comparable to currently utilized guideline tests that involve extensive animal use. Therefore, our experimental design, in
alignment with OECD guideline 236, has potential for replacing existing guidelines in a 3R compliant manner, enhancing early
hazard assessment of chemicals.

1.06.P Exploring Long-Term Ecological Impacts: From Epigenetic Biomarkers to Multigenerational Genomic Effects
of Environmental Contaminants

1.06.P-We023 Amelioration of Transgenerational Liver Disease by an Epigenetic Modifier Treatment

Ramji Bhandari, Biological Sciences, University of Missouri

Epigenetic inheritance of environmentally and lifestyle-induced phenotypes has been demonstrated in many model organisms
in a laboratory setting, suggesting that current generations could be harboring ancestral exposure-induced molecular memories,
or future generations will be carrying such memories due to exposure at the current generation. Ancestral exposure-related
transgenerational traits may be detrimental at the population level if occurring in a natural population. It is essential to develop
strategies to correct transgenerational abnormalities before they are transferred to offspring via germline transmission or to
block the heritable pathways leading to the abnormal health phenotype before they induce the disease. As a proof of concept,
we investigated using medaka fish as test subject, whether the environmentally induced transgenerational non-alcoholic fatty
liver disease (NAFLD) can be reversed by epigenetic modifiers and NAFLD development. Ancestral bisphenol A (BPA)
exposure from the day of fertilization through 15 days after fertilization at FO generation led to transgenerational NAFLD
leading to nonalcoholic steatohepatitis (NASH) at F2 generation, which persisted for five generations. The intergenerational
transmission of the disease trait was mediated by both male and female germlines. The severity of the disease was sexually
dimorphic- with females affected more than males. Past F2 generation, the BPA-exposure-initiated transgenerational NAFLD
started after puberty, developed in adulthood, and progressed toward NASH as the fish aged. We performed transcriptomic,
metabolomic, and methylome analyses to understand the mechanisms involved. An integrated -omics analysis revealed
impairments in metabolic pathways involved in proline, tryptophan, and bile acids. A larger percentage of transgenerational
differentially methylated regions (DMRs) present in the NAFLD liver at the F2 generation were removed in the F4 generation
during germline transfer, but the phenotype persisted with comparatively reduced severity. Treatment of the fish with a known
epigenetic modifier resulted in a) correction of the majority of BPA-induced DMRs, irrespective of their methylation status, b)
correction of the stressor-induced DNA methylation alterations, and c¢) blockade of development and progression of NAFLD in
adulthood. The present results suggest that low-concentration epigenetic erasures may be useful for correcting BPA-induced
transgenerational liver injury.

1.06.P-We024 Copper Exposure During Early Life Results in Long Term Alterations in Copper Responses Within the
Life Span of Individuals and Across Generations

Eduarda Santos?, Lauren Laing?, Hannah Littler?, Jemima Onime!, Rob McFarling®, Nicolas Bury?, Ronny van Aerle® and
Tamsyn Uren Webster?, (1)University of Exeter, United Kingdom, (2)Ocean and Earth Science, University of Southampton,
United Kingdom, (3)Centre for Environment Fisheries and Aquaculture Sciences (Cefas), United Kingdom, (4)Swansea
University, United Kingdom

Metals are important contaminants in freshwater systems with concentrations reaching toxic levels to fish in some regions
affected by mining activities, industrial or agricultural effluents. In regions affected by mining, genetically distinct populations
of fish have been identified, capable of living in metal contaminated waters above the lethal thresholds for their naive
counterparts. In addition to the well described genetic adaptation to toxic metals, we hypothesised that other mechanisms could
be at play and mediate rapid alterations in susceptibility to toxic metals within the life span of individuals and subsequent
generations following exposure to toxic metals. To test this, we exposed stickleback embryos to a sublethal concentration of
copper during embryogenesis and assessed their responsiveness to copper in the adult life stage using a series of measures
including transcriptomics, DNA-methylome and microbiome analysis. We also tested the sensitivity to copper of the exposed
group in comparison with naive fish over three subsequent generations. We observed a greater tolerance to copper in the F1
and F2 generations but this effect was no longer visible in the F3 generation. At the mechanistic level, transcriptome,
microbiome and DNA-methylome analysis revealed that FO fish which had been pre-exposed to copper had a greater ability to
respond to copper via adaptive mechanisms avoiding the adverse responses observed in naive fish exposed to copper in
parallel. Together these datasets provide evidence of the ability of animals to rapidly acclimate to stressors in their
environment and the transient nature of those effects.
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1.06.P-We025 Identification of Repressive Histone Methylation-mediated Reproductive Toxicity of Chemical Additives
in C. elegans Using the Adverse Outcome Pathway (AOP) Concept and Benchmark Concentration Analysis

Jiwan Kim and Jinhee Choi, School of Environmental Engineering, University of Seoul, Korea, Republic of (South)

Although histone methylation has been proposed as the toxic mechanism of various environmental chemicals due to its role in
transcriptional regulation, relatively little is known about the hazard information and adverse outcome pathways (AOPs) for
chemicals inducing these epigenetic changes. This study reports the role of repressive histone marks in toxicity to
environmental chemicals and a strategy for applying epigenetic marks to an AOP framework. We measured reproduction,
germline de-silencing, histone methyltransferase (HMT) activity, histone methylated protein expression, and gene expression
in Caenorhabditis elegans exposed to environmentally pervasive chemical additives [di (2-ethylhexyl) phthalate (DEHP);
hexabromocyclododecane (HBCD); tetrabromobisphenol A (TBBPA); bisphenol A (BPA); triclosan (TCS)]. In addition,
benchmark concentrations (BMCs) for the experimental values with multiple concentrations were calculated to quantify the
POD of each endpoint. TCS and TBBPA showed higher reproductive toxicity, increasing H3K9me3, H3K27me3, and HMTs
activities in a concentration-dependent manner. These reproductive defects were alleviated following H3K27-specific HMT
inhibitor (GSK343) exposure, suggesting that repressive histone methylation plays a key role in the adverse outcomes of TCS
and TBBPA. The GSK343 co-treatment with the two chemicals also altered the expression of vitellogenin (vit-1, vit-3),
xenobiotic metabolism (cyp-35a2, gst-4, fmo-2), and oxidative stress response (ctl-2) genes. Collectively, “HMT activation”
can be proposed as an MIE that causes subsequent KEs such as H3K27 methylation and histone methylation-regulated
transcriptional responses in epigenetic AOP for TCS and TBBPA. Furthermore, the utilization of BMC analysis and selective
inhibitor assay can be useful to enhance the essentiality and empirical support, which are crucial considerations for AOP.

1.06.P-We026 Multigenerational Exposure to Antidepressants Induces Endocrine Disruption in the Estuarine
Polychaete Capitella teleta: From Molecular- to Population-Level Effects

Martina Santobuono?, Mette Albreksen?, Wing Sze Chan?, Elettra D'Amico® and Henriette Selck®, (1)Roskilde University
(RUC), Denmark, (2)Science and Environment, Roskilde University (RUC), Denmark, (3)INM, Roskilde University (RUC),
Denmark

Due to the continuous release of low doses of chemicals into the environment, environmental risk assessment of chemicals
(ERA) is evolving in order to meet the new regulatory requirements to protect wildlife and nature. Long-term exposures and
exposures across multiple generations are some of the new frontiers to assess the adverse effects of chemicals on non-target
species. Current knowledge on the sublethal effects of lipophilic chemicals on sediment-dwelling invertebrates is scarce, and
thus, the impacts on key ecological benthic species are still quite unexplored. This study is the first to expose three generations
of the estuarine deposit-feeding polychaete Capitella teleta to environmentally realistic concentrations of the lipophilic
antidepressant sertraline.

Selective serotonin reuptake inhibitors (SSRIs), like sertraline, have been proven to exert neurotoxic and endocrine-disruptive
effects in non-target species even at low concentrations. We developed a conceptual adverse outcome (AOP) highlighting
sertraline’s potential mechanisms of action (MoA) underlying phenotypical changes. Therefore, herein we examined life-
history traits and reproductive-related endpoints proven valuable when forecasting population impact of chemical exposure, to
assess sertraline repercussions on Capitella teleta. Further, we analyzed the alteration of serotonin levels, energy allocation,
and the population-level consequences of sediment-associated sertraline exposure. The results reveal that sediment-associated
sertraline has detrimental effects on egg production, the hatching success of the progeny, and sex distribution over time and
across generations. This study emphasizes the importance of conducting multigenerational studies (e.g., as part of the current
ERA\) to assess the adverse effects of low concentrations of chemicals in conditions simulating environmentally relevant
scenarios to preserve natural ecosystems.

1.06.P-We027 Trans-/multi-generational Reproductive Toxicities Induced by Zearalenone Associated with Epigenetic
Changes in Caenorhabditis elegans

Yong-Shan Li' and Chia-Cheng Wei?, (1)National Taiwan University, Taipei, Taiwan (China), (2)Institute of Food Safety and
Health, College of Public Health, National Taiwan University, Taiwan

Zearalenone, a mycotoxin widely found in crops, poses an increased risk of contamination globally due to the effects of
climate change. Based on this concern, there is a clear necessity to study the trans-/multi-generational toxicology of
zearalenone, as environmental exposures often have long-term effects across subsequent generations. To achieve these
research goals, relatively sensitive reproductive endpoints were investigated for five generations in the Caenorhabditis elegans
model. Worms were exposed to zearalenone for 72 hours to simulate long-term exposure and produce filial generations.

The results showed that 50 uM zearalenone exposure at parental generation can only induce transmitted reproductive defects in
the first and second filial generations. As for relatively lower 0.1 and 1 M continuous exposure, the amplification of toxicity
was observed with each successive generation, even if the initial exposure in the parent generation showed no apparent effects.
The inheritance of toxicities is regulated by epigenetic changes at the molecular level to alter gene expressions without
affecting sequences through chromatin modifications, such as histone methylation. Our results showed that the parental
zearalenone exposure decreased expressions of genes encoding histone methyltransferases, including set-2, met-2, mes-2, and
mes-4, indicating a disruption in epigenetic processes. Besides, the downregulation of gene expression exhibited a trend
towards recovery in subsequent non-exposed generations. Interestingly, the trans-generational reproductive toxicities caused
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by zearalenone in the second filial generation might mainly be attributed to the decline in mes-4 expression observed across
three generations.

In conclusion, these findings emphasize the significance of zearalenone-induced trans-generational toxicological effects on
reproduction and linked epigenetic alterations. We hypothesize that zearalenone disrupted epigenetic regulation in the parental
generation, resulting in abnormal epigenetic inheritance across generations, ultimately leading to declined transcription levels
of mes-4 until the second filial generation. Moreover, the lack of mes-4 led to reproductive defects, contributing to trans-
generational effects.

1.06.P-We028 Aquatic neurotoxins — Multi-parametric Analysis of Saxitoxins Effects on Daphnia magna

Albano Pinto'?, Inés PE Macério'?, Sérgio Marques®?, Jana Asselman®, Patricia Pereira'® and Joana Luisa Pereira®s,
(1)Department of Biology, University of Aveiro, Portugal, (2)University of Aveiro, Portugal, (3)CESAM - Centre for
Environmental and Marine Studies and Department of Biology, University of Aveiro, Portugal, (4)Blue Growth Research Lab,
Ghent University (UGent), Belgium

Saxitoxin and its derivatives are potent natural aquatic neurotoxins produced by certain cyanobacteria and marine algae species
during harmful cyanobacterial and algal blooms. These harmful bloom events and the toxins produced during these events are
a human and environmental health concern worldwide. Indeed, their occurrence, frequency and severity is predicted to keep
increasing due to ongoing climate change scenarios. Saxitoxins constitute an interesting case study since they are produced by
both freshwater and marine phytoplankton species, meaning that exposure to these toxins may occur in both aquatic
compartments. Despite saxitoxins human health impacts being the focus of extensive research over the past years, adverse
effects on other biota and particularly in the aquatic biota are still largely unexplored. This work aims at evaluating the effects
of exposures of the model cladoceran Daphnia magna to an environmentally relevant concentration of saxitoxin (30 pg/L), that
also corresponds to the safety guideline established by the World Health Organization (WHO) for these toxins in recreational
freshwaters. Saxitoxin toxic effects were assessed through a comprehensive array of physiological (heart rate), neurotoxicity
(total cholinesterases activity), biochemical (antioxidant enzymes activity and lipid peroxidation) and epigenetic biomarkers
(5-mC global DNA methylation). Saxitoxin exposure resulted in decreased heart rate, total cholinesterases activity and catalase
activity. Contrarily, other antioxidant enzymes, namely glutathione-S-transferases and selenium-dependent glutathione-
peroxidase had their activity increased, together with lipid peroxidation levels. Global DNA 5-mC level was significantly
decreased in exposed organisms. Results showed that even an ecologically relevant concentration of saxitoxin may cause
changes on the antioxidants defenses, leading to oxidative stress, as well as significant physiological impairments and
epigenetic alterations in D. magna individuals. This study highlights effects on critical molecular and cellular pathways caused
by saxitoxin in Daphnia, suggesting that these toxins may represent a marked challenge to their thriving even at a
concentration deemed safe for humans by the WHO.

1.06.P-We029 EPIBOOST: A Project Aiming to Link Epigenetic Changes to Phenotypic Outcomes in Microalgae,
Microcrustaceans and Fish

Joana Luisa Pereira?, Jana Asselman? and Laia Navarro-Martin®, (1)Department of Biology, University of Aveiro, Portugal,
(2)Blue Growth Research Lab, Ghent University (UGent), Belgium, (3)Environmental Chemistry, Institute for Environmental
Assessment and Water Research, Spanish Research Council (IDAEA-CSIC), Spain

Epigenetics has been providing robust and reliable biomarkers for human health diagnosis and therapy, but this step is still
largely unexplored in Ecological Risk Assessment (ERA). Many shortcomings contribute to this scenario, including the
scarcity of comprehensive functional genomics information on ecotoxicological models, the still short standardization of
assessment protocols, the budget required to run epigenomic studies, or, importantly, the need to establish consistent links
between epigenetic modifications and downstream effects, primarily gene expression and then phenotypic impairment,
allowing reliable extrapolations at larger ecological scales. This link is the focus of the EPIBOOST project, a Twinning
Horizon Europe Action. The research component of the project aims to advance knowledge on global and gene-specific DNA
methylation changes induced by legacy and emergent aquatic contaminants, using a metal, an antibiotic and a neurotoxin as
model chemicals. Furthermore, it extends towards assessing the consequent gene expression changes and phenotypic effects,
ranging from the sub-cellular to the population level, concerning specific (e.g. photosynthetic efficiency, neurotoxicity) and
more general (e.g. growth rates, behavior) responses to stress. This integrated assessment framework is applied to freshwater
and marine microalgae, microcrustaceans and fish, allowing comparative approaches between environmental compartments
and different organisms within compartment for a given stressor. Such comprehensive framework will ultimately allow a
meaningful insight on the adverse outcome pathways for the selected contaminants, and particularly support the validation of
epigenetic modifications as biomarkers of relevance in supporting ERA. As a Twinning Action, EPIBOOST is also strongly
dedicated to training. A large group of researchers are being trained hands-on through the research course, but many
opportunities have ben also created for external researchers and students through the development of Advanced Courses,
Sumer Schools and Workshops dedicated to transferring scientific and technical/technological knowledge in the field of
environmental epigenetics.

EPIBOOST is funded by the European Union (UE) through the Grant 101078991 - views and opinions expressed are however
those of the authors only and do not necessarily reflect those of the EU or the European Research Executive Agency; neither
the EU or the granting authority can be held for them.
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1.06.P-We030 Multigenerational epigenetic effects of long-term exposure of Daphnia magna to diazinon.

Floriane Tisserand?, Micaela Faria?, Aurélien Thomas®, Federica Gilardi® and Nathalie Chévre?, (1)IDYST, Ecotoxicology,
Faculty of Geoscience and Environment, University of Lausanne, Switzerland, (2)Faculty of Geoscience and Environment,
University of Lausanne, Switzerland, (3)Unit of Toxicology, CURML, University of Lausanne, Switzerland

The widespread use of insecticides is leading to growing concerns about their impact on aquatic macrocrustacean. In
ecotoxicology, Daphnia magna is used as a model for evaluating the effects of chemicals on this class of organisms. Our study
focuses on the multigenerational effect of diazinon on Daphnia magna. Literature and our previous results highlight various
effects of diazinon on Daphnia magna during parental exposure. These effects can be physiological modifications and
behavioural alterations. In particular, we observed alterations in reproduction, growth and survival, suggesting the transmission
of deleterious effects from one generation to the next. Underlying mechanisms, such as epigenetic alterations, were explored to
explain the persistence of diazinon effects over several generations. In this study, we aim in identifying epigenetic markers, in
particular DNA methylation, across generations of Daphnia magna. We set up a rigorous experimental protocol, exposing
exclusively parents for a period of 7, 10 and 15 days to diazinon. The main objective was to detect the effects of parental
exposure on subsequent generations, that were not directly exposed to diazinon. By focusing on DNA methylation as an
epigenetic marker, we aim in understanding potential alterations in gene regulation that could be transmitted epigenetically
from one generation to the next. To obtain DNA methylation, a reduced representing bisulfite sequencing (RRBS) mode was
applied. We observed differences in methylation patterns between 7-day-old exposed parents (FO) to concentrations of 30 ng/L
in contrast to 7-day-old control parents (F0). Notably, discernible differences were identified within the individuals of the first
generation (F1). Moreover, within the F1 generation, an increase in the count of methylated CpG sites was observed. This
phenomenon was particularly notable in individuals whose parental exposure extended from 7 days to 15 days with a number
of methylated CpGs sites from 81 to 231 methylated CpG sites respectively. Initial results showed an increase in DNA
methylation as a function of parental exposure time. Identification of the genes involved according to the localization of
methylation on CpG sites and regions is currently in progress. Our results will shed light on the mechanisms underlying the
multigenerational effects of diazinon.

1.06.P-We031 The Hidden Dangers of Water-Soluble Polymers: Unraveling Epigenetic Changes across multiple
generations of Daphnia magna

Lara Nigro®, Andrea Binelli! and Jana Asselman?, (1)Biosciences, University of Milan, Italy, (2)Blue Growth Research Lab,
Ghent University (UGent), Belgium

Water-soluble polymers (WSPs) are widely used in many industrial, medical and consumer products due to their physical-
chemical characteristics that allow their ability to dissolve in water. Despite their widespread applications, these polymers
remain unregulated as either plastics or chemical contaminants leading to their continuous release into the environment.
Consequently, their presence in the ecosystem can be considered ubiquitous, raising concerns about potential threats to the
health of freshwater organisms, including keystone species as Daphnia magna. Considering the significant role of epigenetic
mechanisms in environmental stress response and regulation and their potential transmission across generations, their
assessment is crucial for understanding and mitigating the ecological impact of these WSPs. Thus, in this context, this project
aims to assess the transgenerational inheritance of epigenetic changes (global cytosine methylation) across multiple
generations in D. magna following exposure to two WSPs commonly used in medical applications: the Polyethylene glycol
(PEG) and the Polyvinylalchol (PVA), at the environmental concentration of 1 pg L. Specifically, this study focuses on the
inheritance of epigenetic changes transferred to subsequent generations of D. magna even if the triggering contaminant is
removed. This transgenerational experiment involved a 17-day exposure of the first generation (FO) to both the WSPs,
followed by subsequent generations (F1, F2, and F3) exposed to the same contaminants or subjected to a recovery phase,
representing the progeny returned to the fresh culture medium. Each generation underwent a 17-day exposure period after
which, DNA was extracted for the analysis of the global cytosine methylation.

Our study aims to provide deeper insights into the impact of WSPs on epigenetic processes, their heritability across
generations, and their correlation with organism-level effects. These findings hold broader implications for comprehending the
ecological impacts of WSPs, since their transgenerational effects on a keystone species like D. magna can potentially disrupt
population dynamics and community structures in aquatic ecosystems. Therefore, our results can contribute to better-informed
environmental policies aimed at regulating the use of WSPs and minimizing their impact on aquatic environments

1.06.P-We032 Assessing Multigenerational Effects of Exposure to Crude Qil on the Arctic Keystone Species
Boreogadus saida and Gadus morhua, and the Model Danio rerio

Abby L. Chapman?, Claudia Erhart!, Marianne Frantzen?, Derrick Kwame Odei!, Fride Tonning?, Helge Tveiten® and
Jasmine Nahrgang?, (1)Arctic University of Norway (UiT), Norway, (2)Akvaplan-niva, Norway

Understanding the impacts of petroleum exposure on reproducing fish and subsequent generations is crucial, as petroleum and
its compounds may disrupt the endocrine system, leading to altered gamete quality and reproductive success. Parental exposure
to petroleum can induce changes in epigenetic marks in both parents and offspring and may cause morphological deformities
in unexposed offspring. Here, we explore three mechanisms of toxicity resulting from parental petroleum exposure: endocrine
disruption, maternal transfer of toxic compounds, and epigenetic inheritance. Employing a comprehensive approach, we
showcase preliminary experimental data and outline upcoming experimental designs that will shed light on these mechanisms.
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Endocrine and epigenetic alterations along the reproductive axis are assessed on keystone arctic fish polar cod Boreogadus
saida exposed to crude oil during late vitellogenesis. Preliminary data on the impact of exposure on gonad maturation, sperm
motility analyses, plasma sex-steroid analysis and expression of key genes will be presented. Furthermore, oil-induced changes
in DNA methylation transferred to first generation offspring will be analyzed through an analysis of gametes and embryos
from a parentally exposed Atlantic cod Gadus morhua, an important commercial fish species.

Epigenetic effects in subsequent generations will be analyzed using zebrafish as a model, where reproducing adults will be
exposed to a crude oil water accommodated fraction (WAF). DNA methylation, miRNA, and gene expression will be analyzed
in liver and gonad tissues of F1 and F2 generations to identify changes in epigenetic control and evaluate fitness indicators.

Finally, the toxicity of maternally transferred compounds will be quantitatively and qualitatively analyzed in zebrafish
embryos. Lethality and sublethal effects of a synthetic mixture mimicking the bioaccumulated fraction will be compared to
those from maternal transfer and waterborne exposure. Through evaluating epigenetic and phenotypic indices transferred
within and across generations, this project aims to provide insight into the impacts of petroleum exposure on reproductive
success and hereditary traits of fish populations.

1.06.P-We033 Reproductive Toxicity of the Cadmium Exposome: A Transgenerational Study With C.elegans

Norah Almutairit, Volker Arlt? and Stephen Stiirzenbaum?, (1)King Abdullah University of Science and Technology, Saudi
Arabia, (2)King's College London, United Kingdom

The exposure and subsequent accumulation of cadmium within biological systems triggers destructive outcomes as it displaces
essential metals such as zinc (Zn). Cadmium induces the synthesis of metallothioneins (MTs) and antioxidant proteins that are
involved in neutralizing the toxicity. Despite the activation of these detoxification mechanisms, cadmium has the potential to
exert long-lasting direct/indirect consequences of exposure that might also affect the (unexposed) next generation(s).
Caenorhabditis elegans, a well-established nematode organism model, was chosen to study the changes in the accumulation
and the distribution of cadmium in parents and the resultant (unexposed) progeny by means of laser ablation inductively
coupled plasma mass spectrometry (LA-ICP-MS). In addition, the transcriptomic fingerprints of the cadmium exposome was
defined by RNAseq and linked with key life-cycle endpoints (reproduction and growth). In summary, whilst metals were not
shown to be transferred from the exposed parents to the unexposed progeny, and no transgenerational differences were
observed in terms of growth, a significantly reduced reproductive capability was apparent. In addition, the transcriptome
analysis of the unexposed F1 generation identified the upregulation of numerous genes (e.g., mtl-1, T22F3.11, and C17F4.3)
which were upon further examination by qPCR confirmed their upregulation also at the F2 generation. This suggests their
possible involvement in the transmission of transgenerational effects within the context of metal stress. To conclude, cadmium
toxicity has long-lasting effects that are not limited to the direct exposure of individuals, but unexposed offspring can exhibit
distinct consequences, namely reproductive toxicity and the alteration of gene expression, that can last for at least two
generations.

1.06.P-We034 Assessing the Effects of Imazalil on Hepatic DNA Methylation and Gene Expression Profiles in Xenopus
tropicalis Frogs

Mauricio Rozat, Sofie Svanholm?, Cecilia Berg® and Oskar Karlsson*, (1)Stockholm University, Sweden, (2)Department of
Environmental Toxicology, Uppsala University, Sweden, (3)Department of Environmental Science, Uppsala University,
Sweden, (4)Environmental Science, Stockholm University, Sweden

Amphibians are the most vulnerable group of vertebrates, with almost half of the species facing threat of extinction. The
drivers are mainly anthropogenic, and include environmental pollution. Pesticide contamination in waters and soil is common
in areas with intensive agricultural activity, and often occurs in tropical areas where amphibians species richness and
abundance is high. Imazalil, for example, is an azole fungicide used in post-harvest treatment of fruits with reported water
concentrations near plantation areas in central America reaching concentrations around 100 pg/L. In vivo studies evaluating
effects of imazalil in vertebrates focus on rodent and fish models, and studies evaluating effects on amphibians are lacking.
Reported effects include reproductive alterations, associated with its anti-androgenic mechanisms, and hepatotoxic effects,
such as alterations in lipid and glucose metabolism that could lead to metabolic diseases. Therefore, the present study aims to
evaluate the effects of imazalil on epigenetic and gene expression hepatic profiles in Xenopus tropicalis frogs. To this end, 45
days post-metamorphosis juveniles were exposed to 17 pg/L of imazalil during 15 days and DNA and RNA was extracted
from liver samples. Genome-wide DNA methylation levels were analyzed by using Reduced Representation Bisulfite
Sequencing (RRBS), and RNA expression levels by using RNA sequencing. Epigenetic marks such as DNA methylation can
be important early predictors of organismic response to pollutants, often leading to changes in gene expression that can
ultimately cause physiological long-term effects. Developmental effects of xenobiotics are often studied during early stages,
however, understanding the effects during pubertal development is also important, as hepatic functions are developed during
later stages. The exposure to an environmentally relevant concentration of imazalil caused alterations in the liver methylome
and affected the transcriptome in pathways related to metabolism. We expect that the present study will contribute to
understanding the link between epigenetic mechanisms and gene expression patterns in animals exposed to pollutants. This
could help to better comprehend the connection of environmental pollution with the global amphibian decline, but also suggest
possible implications to human health, due to the substantial degree of synteny between X. tropicalis and mammalian genomes.
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1.06.P-We035 Exploring the Molecular Response of Anthropogenic Impacts on Feral Brown Trout Using a
Translocation Experiment

Fabian Weichert!, Barbara Feldmeyer?, Jorg Ahlheim®, Werner Brack®, Mario Brauns®*, Markus Brinkmann®, Patrick Fink*,
Markus Hecker®, Sarah Johann’, Martin Krauss®, Markus Pfenninger?, Joachim Sturve® and Henner Hollert’, (1)Evolutionary
Ecology & Environmental Toxicology, Goethe University Frankfurt, Germany, (2)Department of Molecular Ecology,
Senckenberg Biodiversity and Climate Research Centre, Germany, (3)Department of Effect-Directed Analysis, Helmholtz
Centre for Environmental Research (UFZ), Germany, (4)Department of River Ecology, Helmholtz Centre for Environmental
Research (UFZ), Germany, (5)Toxicology Centre, University of Saskatchewan, Canada, (6)Toxicology Centre and School of
the Environment and Sustainability, University of Saskatchewan, Canada, (7)Evolutionary ecology and environmental
toxicology, Goethe University Frankfurt, Germany, (8)Biological and Environmental Sciences, University of Gothenburg,
Sweden

Freshwater bodies are characterised by a growing number of pollutants, resulting in the exposure of resident organisms to
complex mixtures of chemicals. The effects of these exposures are difficult to assess, and impact-oriented in situ studies are
scarce. This study aimed to explore molecular response patterns using RNAseq analyses to characterise the impacts of complex
environmental exposure scenarios on feral brown trout (Salmo trutta) collected along a pollution gradient of a well-studied
small river (Holtemme) in Central Germany. To explore the adaptability of these fish populations, we also conducted
translocation experiments by relocating fish from the reference site to sites upstream and downstream of the wastewater
treatment plant (WWTP) Silstedt. In comparison to fish caught and caged at the reference site (group RR), fish caught and
caged at the WWTP-influenced site (group BB) exhibited three times greater number of differentially expressed genes than
fish translocated to this site from the reference site (group RB). Gene ontology enrichment revealed that biological processes
connected to signalling as well as catabolic and metabolic processes were commonly enriched in fish exposed downstream of
the WWTP. Furthermore, differentially expressed genes in group BB were related to a variety of biological processes
semantically connected to response to toxic substances, while those in group RB were primarily linked to response to oxidative
stress. Finally, overrepresentation of processes connected to leukocyte regulation were only found in group RB and
translational processes were enriched in group BB. Differential gene expression as well as connected biological processes
differed considerably between translocated and locally adapted individuals. This is a strong indication that adaptational
processes play an important role when interpreting transcriptomic response patterns.

1.06.PC Exploring Long-Term Ecological Impacts: From Epigenetic Biomarkers to Multigenerational Genomic Effects
of Environmental Contaminants

1.07.A Fish Model Species in Human and Environmental Toxicology

1.07.A.T-01 A Biotechnological Metabolization System has the Potential to Improve the Predictive Ability of the Fish
Embryo Acute Toxicity (FET) Test with the zebrafish (Danio rerio)

Inska Reichstein?, Alischa Helena Becker?, Sarah Johann', Thomas Braunbeck?, Sabrina Schiwy?, Henner Hollert* and
Andreas Schiwy?!, (1)Evolutionary ecology and environmental toxicology, Goethe University Frankfurt, Germany, (2)Centre
for Organismal Studies, University of Heidelberg, Germany

The Fish Embryo Acute Toxicity (FET) Test with zebrafish embryos (Danio rerio) was developed to assess the acute fish
toxicity of chemicals or environmental samples as a replacement for the Acute Fish Test (AFT) with juvenile fish. However,
the FET is not yet established in the regulatory context. One reason is the (postulated) difference between the
biotransformation capacities of embryos and juvenile fish, which might lead to an under- or overestimation of toxicity.

The present study was designed to develop a procedure for external metabolization of test substances prior to testing in the
FET. The workflow allows simultaneous exposure of the embryos to the maternal substances and their potential metabolites
throughout the entire exposure period. After a 2 h incubation of the samples at 37 °C with a rat liver S9 homogenate or a
biotechnological, animal-free (ewoS9R) metabolization system, zebrafish embryos are added shortly after fertilization and
incubated up to 120 hours post-fertilization at 26 °C. Five biotransformable model substances (allyl alcohol, benzo[a]pyrene
(B[a]P), chlorpyrifos (CP), tris(1,3-dichloro-2-propyl) phosphate (TDCPP) and bisphenol A (BPA)) were evaluated for
embryotoxicity with and without external metabolization. Non-embryotoxic concentrations of rat S9 and ewoS9R, as well as
NADPH necessary for CYP activity, were determined individually and in combination. The metabolic capacities of both S9
homogenates were assessed as exemplary for the enzymes cytochrome P450 1A1, 1A2 and 1B1 via a fluorescence-based
EROQOD assay.

Only for allyl alcohol, external metabolization with both rat S9 and ewoS9R resulted in significantly higher embryotoxicity
than under non-premetabolized conditions and, thus, in a better correlation of FET and AFT data. For B[a]P, CP, TDCPP and
BPA, there was no relevant difference between data derived from the FET (with and without pre-metabolization) and literature
AFT data, even though the FET results with and without pre-metabolization differed significantly for BPA (with rat S9 and
ewoS9R) and TDCPP (rat S9 only).
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External pre-metabolization appears to be a promising add-on to the FET protocol to improve the correlation with AFT data of
certain biotransformable substances and might help to strengthen the FET as an alternative to the AFT and finally to reduce or
replace sentient animals used for acute fish toxicity data in the regulatory context.

1.07.A.T-02 Assessment of the impact of realistic mixtures of plant protection products on Dario rerio

Ana-Belen Muniz-Gonzalez?, Erica Leertouwer?, Ines Domingues®, Isabel Campos*, Ana Ré®, Joana Luisa Pereira®,
Fernando J. M. Gongalves* and Nelson Abrantes’, (1)Physics, Mathematics and Fluids, UNED, Spain, (2)Faculty of medicine,
Radboud University, Netherlands, (3)CESAM - Department of Biology, University of Aveiro, Portugal, (4)University of Aveiro,
Portugal, (5)Department of Environment and Planning, Department of Environment and Planning & Centre for
Environmental and Marine Studies (CESAM), University of Aveiro, Portugal, (6)Department of Biology, University of Aveiro,
Portugal, (7)Department of Biology, University of Aveiro & Centre for Environmental and Marine Studies (CESAM), Portugal
Plant Protection Products (PPPs) are a current environmental problem due to their intensive use in farming systems to secure
crop yields. In fact, in the European Union, 466 pesticide-active ingredients are currently approved. Due to the excessive and
indiscriminate use of these substances, substantial quantities enter water systems, posing a significant risk to non-target
organisms living there. To date, the risk assessment associated with the PPPs is mainly focused on single exposure ignoring the
real case scenarios where multiple PPPs are applied for the crop’s protection leading to the presence of mixtures in the
environment. In this context, this study conducted under the framework of the EU-H2020 SPRINT project, aimed to assess the
impacts of realistic mixtures of PPPs on the model fish organism Danio rerio. With this purpose, 11 case study sites (CSSs)
were selected, comprising 10 in Europe and 1 in Argentina. The minimal environmental concentration (MEC) of PPPs was
quantified for each CSS. From that, the 5 PPPs that compose each CSS mixture were then ranked based on the Risk Quotient
and frequency of presence. Following the OECD test guideline 236, embryos of the zebrafish Dario rerio were exposed to
each of the 11 mixtures at four concentrations: MEC, predicted environmental concentration (PEC), 3*PEC and 5*PEC, plus a
control. The % of mortality, % of hatching, behavioural and Cholinesterase activity (ChE) were measured after 96h of
exposure. Our findings indicate minimal effects on D. rerio mortality, demonstrating lower susceptibility in comparison to
invertebrate and producer species that were exposed to the same mixtures in the SPRINT Project. This reduced sensitivity
aligns with expectations for a higher biological organism, characterized by more intricate response systems and enhanced
protection mechanisms. However, the tested PPP mixtures can modulate the zebrafish behaviour, particularly evident in terms
of speed, distance and turning angle. This behavioral modulation was corroborated by the inhibition observed in the ChE,
suggesting a neurotoxic effect of the tested mixtures. These results are extremely relevant as they unveil effects at
concentrations presently detected in aquatic systems (MEC) as well as predicted ones (PEC). It is important to emphasize the
fact that these exposures are acute (96 hours), so understand the long-term impact of these mixtures that are already present in
aquatic systems becomes imperative.

1.07.A.T-03 Use of in vitro Oocyte Maturation Assays to Predict Reproductive Capacity of Fishes

Steve Wiseman?, Chloe Devoy?, Yamin Raza!, Paul Jones?, Jonathon Doering® and Makenna Kleiner?, (L)University of
Lethbridge, Canada, (2)University of Saskatchewan, Canada

Oogenesis is a dynamic process by which fertilizable oocytes develop from germ cells [1]. Oogenesis can be divided into a
growth phase and a maturation phase. Many endocrine disrupting chemicals impair reproduction by disrupting vitellogenesis
that occurs during the growth phase. From this research, several AOPs have been developed for decreased fecundity due to
disruption of vitellogenesis, including AOP 30 (direct oestrogen receptor antagonism), and AOP 25 (depression of E2
synthesis through inhibition of aromatase). During the final stage of oogenesis, oocyte maturation, maturation inducing
hormone (MIH) binds to membrane progestin receptors (mPRs) on the oocyte and signals the formation of maturation
promoting factor (MPF), which promotes germinal vesicle breakdown (GVBD) and oocyte maturation, resulting in a
fertilizable oocyte. Our lab has been investigating inhibition of oocyte maturation as a mechanism of decreased fecundity in
three model species — zebrafish (Danio rerio), Japanese medaka (Oryzias latipes), and fathead minnow (Pimephales promelas).
This presentation will summarize a series of studies with each model species in which we develop and use in vitro assays of
oocyte maturation to understand the molecular mechanisms by which chemical exposures at different stages of development
impact oocyte maturation, as well as the potential to use this assay as a novel tool to predict reproductive performance of fish
exposed to chemical stressors. Much of the presentation will focus on our work with Japanese medaka. Using an assay
previously described for zebrafish we developed an assay to assess chemical inhibition of oocyte maturation in Japanese
medaka. Using this assay, we show that chemical exposure at different life stages can result in impairment of oocyte
maturation leading to decreased fecundity of female fish. Potential mechanisms of chemical inhibition of oocyte maturation
will also be presented.

1.07.A.T-04 Sperm Quality Characterization of Male Mummichog (Fundulus heteroclitus) in Response to Legacy
Urban Contaminants

Sabine Malik?, Tyler Edward Frankel?, Carys Louise Mitchelmore®, Candice Duncan® and Lance T Yonkos?, (1)University of
Maryland, (2)Earth and Environmental Sciences, University of Mary Washington, (3)Chesapeake Biological Laboratory,
University of Maryland Center for Environmental Science, (4)Environmental Science & Technology, University of Maryland
Historically contaminated urban rivers harbor significant loads of legacy persistent organic pollutants within sediments that
remain a significant hazard to both human and ecosystem health. Endocrine disrupting compounds are of particular concern, as
they influence reproductive success and threaten the viability of native fish populations over time. Impacts to female
reproductive competence, including delayed oogenesis, impaired hormone signaling, and reduced fecundity have been found
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across fish taxa, but descriptions of sperm-related effects are limited. Using the mummichog (Fundulus heteroclitus) as an
ecologically relevant model, we developed and validated a field-adaptable method for measuring aquatic sperm quality using
three metrics: 1) sperm motility, measured by computer-assisted sperm analysis (CASA); 2) sperm energetic capacity,
measured by a firefly-luminescence adenosine triphosphate (ATP) assay; and 3) sperm DNA damage, measured by Comet
assay. These methods were used on sperm from field-collected F. heteroclitus sourced from two historically contaminated US
rivers (Christina River, DE, USA; Anacostia River, MD, USA) and from a clean reference location (Wye River, MD, USA).
Ten male mummichog were collected from several sites within each river and sperm cryopreserved for laboratory Comet and
ATP analysis following in-field CASA video capture of sperm motility characteristics. Samples across all assays displayed
consistency among replicates, sites, and time, demonstrating effective sperm extraction and cryopreservation. Motility
appeared reduced in contaminated sites, though high variability among fish limited the ability to detect statistical significance.
Significant differences were seen in DNA damage (via Comet assay) and in energetic capacity (via ATP assay). Samples from
the PAH-laden Christina River had the most severe DNA damage, but comparatively little reduction in ATP, indicating the
potential for genetically damaged sperm to swim and fertilize an egg. In contrast, samples from the Anacostia River had
marked decreases in ATP along with moderate to severe DNA damage. These results emphasize the importance of multi-
faceted reproductive health testing, as many adverse outcomes are likely being overlooked with current standard approaches.

1.07.A.T-05 Comparison of different fish model species for the assessment of thyroid hormone system disruption

Lisa Annie Baumann?, Lisa Goelz?, Marian Stoll®, Thomas Braunbeck?, Pauline Pannetier®, David Du Pasquier®, Elise
Pesce’, Daniel L. Villeneuve®, Dries Knapen®, Lucia Vergauwen® and Henrik Holbech, (1)Environmental Health and
Toxicology, Vrije University Amsterdam, Netherlands, (2)Institute for Pharmacology, University of Heidelberg, Germany,
(3)COS, Aquatic Ecology and Toxicology, University of Heidelberg, Germany, (4)Centre for Organismal Studies, University of
Heidelberg, Germany, (5)ANSES, French Agency for Food, Environmental and Occupational Health & Safety, France,
(6)Watchfrog S.A., France, (7)LABORATOIRE WATCHFROG, France, (8)U.S. Environmental Protection Agency (US EPA),
(9)University of Antwerp, Belgium, (10)University of Southern Denmark, Denmark

The current OECD testing framework for assessment of potential environmental endocrine disrupting chemicals (EDCs)
covers various test guidelines that primarily use the most popular fish model species, zebrafish, fathead minnow or Japanese
medaka. The choice for a species mainly depends on regulatory requirements, regional preferences and experience of
laboratories. For the assessment of EDC-induced effects on sexual development and reproduction, all species are equally
represented in the OECD test guidelines. However, for other endocrine modalities, this is not (yet) the case. Several EU-funded
and OECD-endorsed projects are currently working on the implementation of thyroid hormone system-related endpoints into
fish test guidelines for EDC assessment. This is because testing of EDCs potentially targeting the thyroid hormone system is
usually performed in amphibians, even though many developmental processes and molecular markers in fish could equally be
used as thyroid hormone system-related endpoints for risk assessment of chemicals. A broad data basis resulting from
zebrafish experiments confirms this assumption, and, consequently, a validation of test methods at OECD level has recently
been initiated. Apart from this, data from other fish species are still scarce and hinder the development of internationally
applicable test guidelines. This presentation will summarize and compare the available data on thyroid hormone system
disruption in different model fish species (zebrafish, Japanese medaka, fathead minnow), including less frequently used species
such as rainbow trout. This will help identifying knowledge gaps might help to set impulses for new research initiatives
supporting the optimization of the current testing strategy for EDCs in fish. In the fish model species session, we hope to reach
a broad audience of researchers working with different fish species to initiate collaborations.

1.07.B Fish Model Species in Human and Environmental Toxicology

1.07.B.T-01 Adverse Effects on Eye Development of Zebrafish Embryos after Exposure to Tricyclic Antidepressants
Marwin Jafari!, Daniela Maria Pampanin?, Fabian Essfeld®, Sebastian Eilebrecht*, Katharina Brotzmann® and Jason Tyler
Magnuson®, (1)Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Germany, (2)Chemistry, Bioscience
and Environmental Engineering, University of Stavanger, Norway, (3)Ecotoxicogenomics, Fraunhofer Institute for Molecular
Biology and Applied Ecology (IME), Schmallenberg, Germany, (4)Ecotoxicogenomics, Fraunhofer Institute for Molecular
Biology and Applied Ecology (IME), Germany, (5)University of Heidelberg, Germany, (6)University of Stavanger, Norway
Due to their presence in aquatic ecosystems and their high efficacy towards very specific molecular targets, active
pharmaceutical ingredients are considered contaminants of emerging concern. Tricyclic antidepressants (TCAS) are a group of
APIs that target the reuptake of neurotransmitters in the presynaptic nerve endings. Previous ecotoxicological studies with
zebrafish (Danio rerio) revealed their potential to cause behavioural effects. However, it is unknown if effects to vision play a
role in these effects.

This study aims to assess, if exposure to TCAs has effects on the development of the vertebrate eye using the zebrafish as a
model organism. Effects at different levels of biological organization were measured: transcriptomics, which was assessed via
MRNA sequencing at 48, 72 and 96 hours post fertilization (hpf), eye structure, which was assessed via histopathology at 120
hpf, and eye function, which was assessed via the optokinetic response (OKR) assay at 120 hpf,.

Embryos were exposed to amitriptyline (AMI) and nortriptyline (NOR) in a concentration range from 30 ng/L to 300 pg/L
(nominal concentrations).

OKR assay showed a significant decrease in the frequency of eye movements for AMI in concentrations of 3 and 300 ug/L,
and for NOR in concentrations of 300 pg/L. Histopathology revealed the retinal pigment epithelium thickness to be
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significantly increased in the 300 pg/L treatment group of AMI by 15.8% and in NOR by 15.3%.

MRNA sequencing results showed effects on expression of multiple genes related to eye development. Next to eye
development, gene expression effects were also found in genes related to synaptic signalling, confirming the mechanism of
action to be conserved in zebrafish embryos, muscle development, neuronal development, lipid metabolism, and thyroid
signalling.

As thyroid disruption can cause adverse effects on eye development, and the transcriptomics data also implies thyroid
disruption to be affected, current experiments investigate the involvement of thyroid disruption in the adverse outcome
pathway through which TCAs affected the eye.

The present findings provide evidence of adverse eye development as a previously unknown effect of antidepressant exposure
to vertebrates on multiple levels of biological organization and contribute towards establishing an understanding for the
mechanism through which this effect occurs.

1.07.B.T-02 How to Assess Thyroid Hormone System Disruption in Zebrafish: A Case Study with Methimazole

Sina Volz!, Karin Lund Kinnberg?, Katrine Kirkegaard?, Pernille Raun Klausen?', Bente Frost Holbech' and Henrik Holbech?,
(1)University of Southern Denmark, Denmark, (2)Biology, University of Southern Denmark (SDU), Odense, Denmark

The thyroid hormone system (THS), a crucial regulator of vertebrate development, is a major target for a variety of endocrine-
disrupting chemicals. Currently, the assessment of THS disruption in non-mammalian toxicology primarily relies on
amphibian assays, whereas effects on other endocrine modalities are tested in fish studies. Given the high degree of
conservation of the THS across vertebrate classes, it is likely that incorporating newly identified THS-sensitive endpoints into
established OECD fish test guidelines would allow for the assessment of THS disruption in fish. The present case study thus
aimed at determining suitable endpoints and developmental stages to assess THS disruption in developing zebrafish.
Methimazole, a medication used to treat hyperthyroidism, was selected as a test substance due to its well-described effects on
thyroid hormone synthesis.

Zebrafish were exposed to 3.2-100 mg/L methimazole, from 2 hours to 33 days post fertilization (dpf). At 5, 21, and 33 dpf,
samples were taken to assess various THS-sensitive endpoints. At 5 dpf, THS disruption could be detected by gene expression
analysis (altered expression of thyroperoxidase) and immunohistochemical assessment of intrafollicular thyroid hormone
levels. Histopathological analyses of the eyes are still ongoing and will be finished by the end of the year. Following 21 days
of exposure, inflation of the anterior chamber of the swim bladder was impaired; this is a known effect of THS-disrupting
chemicals. At 33 dpf, THS disruption was evident on the gene expression level (altered expression of thyroperoxidase) and
morphological level (increased height of thyroid follicular epithelium). Furthermore, effects on eye development, which is
dependent on the THS, were detected via gene expression analysis and histopathology. Targeted thyroid hormone
determination at 5, 21, and 33 dpf are still pending but expected to be ready for presentation in May.

Taken together, THS disruption caused by methimazole could be detected at both 5 dpf and 33 dpf. These findings indicate
that THS disruption could be assessed in the fish embryo acute toxicity test (OECD TG 236) as well as the fish early life stage
test (OECD TG 210). While the results of this case study are promising, it is essential to compare both specificity and
sensitivity between amphibians and fish test systems to conclude whether fish studies could replace amphibian assays in the
risk and hazard assessment of THS disruptors.

1.07.B.T-03 Early life stage toxicity of radium (226Ra) to three fish species of ecological, cultural, and commercial
importance in Canada

Edgar Ramiro R Perez!, Charlotte Lacroix-Durand?, Karsten Liber? and David M. Janz®, (1)Toxicology, University of
Saskatchewan, Canada, (2)School of Environment and Sustainability, University of Saskatchewan, Canada, (3)Western
College of Veterinary Medicine and Toxicology Centre, University of Saskatchewan, Canada

In Canada, the mining, petroleum, and metal processing industries generate waste that contain metals and radionuclides of
concern, like Radium (?*Ra). Despite strict discharge regulations for ?26Ra in effluents, a Canadian federal water quality
guideline that protects aquatic organisms from 2?Ra exposure is not in place, casting doubt on the condition and well-being of
current fish stocks. To assess the most sensitive stages of fish development (i.e., fertilization to swimup), we exposed rainbow
trout (Oncorhynchus mykiss), white sucker (Catostomus commersonii), and fathead minnow (Pimephales promelas) to a series
of environmentally relevant ??°Ra activities (0, 0.1, 0.5, 2.5, 12.5, or 62.5 Bg/L) using a modified version of EPS 1/RM/28 for
O. mykiss and C. commersonii, and OECD method 210 for P. promelas. Under static renewal conditions, P. promelas embryos
were exposed to ?%Ra in reconstituted hard water (160 — 180 mg/L CaCQs), while O. mykiss and C. commersonii embryos in
very soft water (10 — 13 mg/L as CaCO3), with the aim of identifying sensitive toxicity endpoints. Early life stage toxicity data
for O. mykiss and C. commersonii are presented, while the P. promelas experiment is in progress. The results indicate that
226Ra was not toxic to O. mykiss or C. commersonii survival or time to stage for eyed, hatch, or swim-up. However, for O.
mykiss only, significant increases (p<0.05) in length, mass, and the scaled mass index (SMI) were observed at lower activities
of 0.1 and 0.5 Bg/L ?%Ra as the exposure time increased, generating a significant interaction between activities and time to
stage in degree days. A deformity analysis on O. mykiss revealed a biologically significant increase in total frequency of
deformities at 62.5 Bg/L (p=0.07). In summary, the no observed effect concentration (NOEC) for time to stage and survival
endpoints was 62.5 Bg/L for both O. mykiss and C. commersonii, whereas for O. mykiss, the lowest observed effect
concentration (LOEC) for length was 0.1 Bg/L, mass and SMI 0.5 Bg/L, and total deformity frequency 62.5 Bg/L. Other
pending analyses for O. mykiss include targeted transcriptomics and bioaccumulation in embryos and fry, while data for C.
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commersonii and P. promelas are pending completion. As of now, the monthly mean discharge limit of 0.37 Bg/L total *°Ra in
effluents may pose a potential risk to fishes in Canadian aquatic ecosystems.

1.07.B.T-04 2,2',4,4'-Tetrabromodiphenyl Ether Causes Depression-like Effects in Zebrafish Larvae via a Non-image-
forming Visual Mechanism

Miao Cao, Ting Xu and Dagiang Yin, Tongji University, China

Background: Depression is a high-incidence mood disorder that is frequently accompanied by sleep disturbances. Circadian
disruption triggered from disordered non-image-forming (NIF) visual pathway is accordingly proposed as a new pathogenic
factor of depression. Polybrominated diphenyl ethers (PBDESs), with visual impairment being the emerging toxicological
feature, have been extensively used as flame retardants and new cohort studies reported the relationships between PBDEs and
depressive symptoms.

Research Purpose: This study aimed to delineate the performances of NIF system under 2,2',4,4'-Tetrabromodiphenyl Ether
(BDE-47) exposure, especially with day-night differences, and to verify the action mode of melanopsin, which is the major
photopigment of NIF system, in facilitating depression-like effects in zebrafish larvae.

Methods: We employed diurnal zebrafish model for this study. The nominal BDE-47 concentrations herein were designed as 0,
2.5 pg/L, and 25 pg/L with 0.01% DMSO based on the reported environmental levels. Considering the possible involvement of
the circadian system, samples were collected at various circadian time points in subsequent experiments of quantitative Real-
Time PCR, immunofluorescent staining, enzyme-linked immunosorbent assay, in situ hybridization (ISH), etc.

Results: BDE-47 caused a distinct day-night difference in the melanopsin and associated NIF functions at 5 and 6 dpf zebrafish
larvae. The differences were transmitted to clock genes and neuropeptides in SCN and impacted the adjacent 5-HT and
melatonin receptors. However, the changes in the vital factors of depression and sleep were unidirectional, which led to the
depression-like (including thigmotactic and sleepy) effects in BDE-47-exposed larvae. The melanopsin antagonism suggested
it was possibly primarily due to the direct photoentrainment function of melanopsin.

Conclusion: BDE-47 exposure disrupted NIF visual pathway and resulted in depression-like effects, which may further exert
profound health effects like mood disorders.

Implication: Our study provided mechanistic cues for the epidemiological correlation between human depression and PBDE
exposure. Such mechanism successfully explained the circadian differences in some depression indicators. Of note, the
neurotoxic sensitivity of melanopsin at environmental-relevant BDE-47 concentrations might indicate its implication potential
as a novel target in ecological risk assessment of aquatic PBDE exposure.

1.07.P-Th020 Towards Standardization of the Dark/Light Transition Test with Zebrafish (Danio rerio) embryos.
Reporting of Results from an Inter-laboratory Ring Test

Riccardo Massei, Dr', Maria Christou? and Adam Lillicrap®, (1)Helmholtz Centre for Environmental Research (UFZ2),
Germany, (2)Norwegian Institute for Water Research (NIVA), Norway, (3)Norwegian Institute for Water Research (NIVA),
Oslo, Norway

Over the last few decades, there has been a rapid increase in the analysis of behavioral responses in zebrafish embryos
following exposure to chemicals, primarily due to their potential for providing more informative data compared to traditional
endpoints described in the Fish Embryo Acute Toxicity Test (OECD TG 236). One of the most commonly utilized behavioral
assays is the dark/light transition test (DLTT), which involves recording and quantifying the swimming activities of hatched
zebrafish eleutheroembryos under different light conditions. Commercially available behavioral systems are used to conduct
this test. However, the DLTT lacks standardization, and guidelines have yet to be established. As a result, zebrafish
laboratories employ in-house protocols to record the activity of zebrafish eleutheroembryos. Additionally, different statistical
tests are employed to explain the results and analyze the output. Consequently, comparing the results across different studies
becomes a challenging task and poses a potential obstacle to bring these tests to regulators. Prior to developing an
internationally accepted standard test guideline, it is necessary to characterize and understand the general variation in the
DLTT. Currently, it remains unclear whether the variation could be attributed to the use of different standard operating
procedures (SOP) or other variables such as exposure conditions, data analyses or even the strain of the fish. Previous attempts
by labs to conduct different ring trials were hindered by non-standardized exposure scenarios and a low number of participants,
making interpretation of results difficult. To address these limitations, a ring test involving 24 institutions from both the
European Union (EU) and non-EU countries was organized in 2023 and an SOP was distributed to all the participants.
Participants exposed zebrafish embryos to either caffeine, a known neurotoxicant, or 3,4-dichloroaniline from 3 to 120 hours
post fertilisation (hpf) and performed a DLTT at 96 and 120 hpf. The primary goals of this ring test are to: 1) determine the
reproducibility of the DLTT with zebrafish embryos across different laboratories; 2) understand the potential experimental
factors and test procedure key steps that contribute to observed variation in the general DLTT; 3) produce a comprehensive
dataset that can be utilized to test different statistical approaches and 4) develop user-friendly data analysis pipeline for
statistical analysis.
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1.07.P-Th021 Bisphenols A alternatives alters Thyroid Hormone System (THS) sensitive endpoints in zebrafish - are
they safer alternatives?

Pernille Ambus Hansen?, Jane Ebsen Morthorst? and Henrik Holbech?, (1)Biology, University of Southern Denmark,
Denmark, (2)University of Southern Denmark, Denmark

Since REACH included Bisphenol A (BPA) under Category 1B due to toxicity for reproduction and endocrine disruption
properties various BPA-alternatives like BPE, BPAP and BPS-MAE, have been marketed. We investigate if these BPA-
alternatives affects the thyroid hormone system (THS), as have been shown for BPA, or if they are safer alternatives in relation
to THS disruption. We do that by proposing an Adverse Outcome Pathway (AOP) in zebrafish embryos <120 hours post
fertilization (hpf), to investigate THS sensitive endpoints. The experimental design is based on the OECD Test Guideline 236:
Fish Embryo Toxicity Test (FET) with addition of the THS sensitive endpoint posterior swimbladder inflation and analysis of
swimming performance at the end of the test.

We tested BPE, BPAP and BPS-MAE. As an example, for the Bisphenol E (BPE), we exposed zebrafish larvae from 2 hpf —
120 hpf in a semi-static renewal system to 5 concentrations (5 pg/L, 25 pg/L, 125 pg/L, 625 pg/L and 3125 pg/L). BPS-MAE
and BPAP were tested with a similar approach at different concentrations.

In the test for BPE we found a decreased swimbladder inflation rate and a change in the swimming performance which can be
regarded as an adverse effect with population relevance. This indicates that BPE adversely affects zebrafish embryos via
disruption of the thyroid hormone system. We will present the full datasets from these tests including internal T3- and T4
measurements, statistical analysis of the swimbladder inflation rates and a potential correlation between decrease in
swimbladder inflation rate and swimming performance.

We will also present if the same tendency applies for other BPA-alternatives like BPAP and BPS-MAE.

1.07.P-Th022 Identification of ingredients in Air Freshener Commercial Products Causing Neurotoxicity to zebrafish
han-Seul Lee and Kitae Kim, Seoul National University of Science and Technology, Korea, Republic of (South)
(Introduction)Household products contain a variety of chemicals for their function. Given that we use a variety of household
products on a daily basis, it is reasonable to expect that chemical exposures from the use of household chemicals contribute
significantly to our overall chemical exposure. Recently, a variety of toxicities such as skin, respiratory, neurological, and
systemic disorders from chemicals in these household chemicals have been reported. However, despite the presence of
multiple active ingredients in a single household chemical, toxicity is often reported by listing only the toxicity caused by
individual substances. It is not known which substances cause toxicity based on the active ingredients in household chemicals,
or how to find them.

(Materials and Methods)Zebrafish embryos were used to evaluate the toxicity of air freshener products from a neurotoxicity
perspective based on whole extract. After evaluating the toxicity of air freshener products, we sought to identify the causative
agents responsible for the toxicity. To identify the neurotoxicants, we searched the literature for keywords related to
neurotoxicity and investigated lipid affinities to narrow the three individual substances. Among the three identified causative
agents, the one with the highest initial toxicity in zebrafish embryos was validated by analyzing neurobehavioral changes after
long-term exposure to adult zebrafish. Neurochemicals were analyzed in the brains of adult zebrafish to determine the
mechanism of neurotoxicity.

(Conclusions)Toxicity tests and behavioral assays using zebrafish embryos indicated that whole and extracted mixtures of the
air freshener product could be neurotoxic. To identify the neurotoxicants, we searched the literature for keywords related to
neurotoxicity and investigated lipid affinities to narrow the list, and citronellol, geraniol, and linalool were identified as
suspected toxicants. The neurobehavioral changes we observed after long-term exposure of adult zebrafish to citronellol,
geraniol, and a mixture of both substances demonstrated that the individual substances we identified were neurotoxic. Our
research represents the pioneering effort in formulating a methodology for identifying toxic culprits in household products.
Moreover, we have substantiated the toxicity of these identified agents utilizing the zebrafish animal model. Moving forward,
we plan to extend this work to a broader range of product groups in a follow-up study.

1.07.P Fish Model Species in Human and Environmental Toxicology

1.07.P-Th020 Towards Standardization of the Dark/Light Transition Test with Zebrafish (Danio rerio) embryos.
Reporting of Results from an Inter-laboratory Ring Test

Riccardo Massei, Dr?, Maria Christou? and Adam Lillicrap®, (1)Helmholtz Centre for Environmental Research (UFZ),
Germany, (2)Norwegian Institute for Water Research (NIVA), Norway, (3)Norwegian Institute for Water Research (NIVA),
Oslo, Norway

Over the last few decades, there has been a rapid increase in the analysis of behavioral responses in zebrafish embryos
following exposure to chemicals, primarily due to their potential for providing more informative data compared to traditional
endpoints described in the Fish Embryo Acute Toxicity Test (OECD TG 236). One of the most commonly utilized behavioral
assays is the dark/light transition test (DLTT), which involves recording and quantifying the swimming activities of hatched
zebrafish eleutheroembryos under different light conditions. Commercially available behavioral systems are used to conduct
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this test. However, the DLTT lacks standardization, and guidelines have yet to be established. As a result, zebrafish
laboratories employ in-house protocols to record the activity of zebrafish eleutheroembryos. Additionally, different statistical
tests are employed to explain the results and analyze the output. Consequently, comparing the results across different studies
becomes a challenging task and poses a potential obstacle to bring these tests to regulators. Prior to developing an
internationally accepted standard test guideline, it is necessary to characterize and understand the general variation in the
DLTT. Currently, it remains unclear whether the variation could be attributed to the use of different standard operating
procedures (SOP) or other variables such as exposure conditions, data analyses or even the strain of the fish. Previous attempts
by labs to conduct different ring trials were hindered by non-standardized exposure scenarios and a low number of participants,
making interpretation of results difficult. To address these limitations, a ring test involving 24 institutions from both the
European Union (EU) and non-EU countries was organized in 2023 and an SOP was distributed to all the participants.
Participants exposed zebrafish embryos to either caffeine, a known neurotoxicant, or 3,4-dichloroaniline from 3 to 120 hours
post fertilisation (hpf) and performed a DLTT at 96 and 120 hpf. The primary goals of this ring test are to: 1) determine the
reproducibility of the DLTT with zebrafish embryos across different laboratories; 2) understand the potential experimental
factors and test procedure key steps that contribute to observed variation in the general DLTT; 3) produce a comprehensive
dataset that can be utilized to test different statistical approaches and 4) develop user-friendly data analysis pipeline for
statistical analysis.

1.07.P-Th021 Bisphenols A alternatives alters Thyroid Hormone System (THS) sensitive endpoints in zebrafish - are
they safer alternatives?

Pernille Ambus Hansen?, Jane Ebsen Morthorst? and Henrik Holbech?, (1)Biology, University of Southern Denmark,
Denmark, (2)University of Southern Denmark, Denmark

Since REACH included Bisphenol A (BPA) under Category 1B due to toxicity for reproduction and endocrine disruption
properties various BPA-alternatives like BPE, BPAP and BPS-MAE, have been marketed. We investigate if these BPA-
alternatives affects the thyroid hormone system (THS), as have been shown for BPA, or if they are safer alternatives in relation
to THS disruption. We do that by proposing an Adverse Outcome Pathway (AOP) in zebrafish embryos <120 hours post
fertilization (hpf), to investigate THS sensitive endpoints. The experimental design is based on the OECD Test Guideline 236:
Fish Embryo Toxicity Test (FET) with addition of the THS sensitive endpoint posterior swimbladder inflation and analysis of
swimming performance at the end of the test.

We tested BPE, BPAP and BPS-MAE. As an example, for the Bisphenol E (BPE), we exposed zebrafish larvae from 2 hpf —
120 hpf in a semi-static renewal system to 5 concentrations (5 pg/L, 25 pg/L, 125 pg/L, 625 ug/L and 3125 ug/L). BPS-MAE
and BPAP were tested with a similar approach at different concentrations.

In the test for BPE we found a decreased swimbladder inflation rate and a change in the swimming performance which can be
regarded as an adverse effect with population relevance. This indicates that BPE adversely affects zebrafish embryos via
disruption of the thyroid hormone system. We will present the full datasets from these tests including internal T3- and T4
measurements, statistical analysis of the swimbladder inflation rates and a potential correlation between decrease in
swimbladder inflation rate and swimming performance.

We will also present if the same tendency applies for other BPA-alternatives like BPAP and BPS-MAE.

1.07.P-Th022 Identification of ingredients in Air Freshener Commercial Products Causing Neurotoxicity to zebrafish
han-Seul Lee and Kitae Kim, Seoul National University of Science and Technology, Korea, Republic of (South)
(Introduction)Household products contain a variety of chemicals for their function. Given that we use a variety of household
products on a daily basis, it is reasonable to expect that chemical exposures from the use of household chemicals contribute
significantly to our overall chemical exposure. Recently, a variety of toxicities such as skin, respiratory, neurological, and
systemic disorders from chemicals in these household chemicals have been reported. However, despite the presence of
multiple active ingredients in a single household chemical, toxicity is often reported by listing only the toxicity caused by
individual substances. It is not known which substances cause toxicity based on the active ingredients in household chemicals,
or how to find them.

(Materials and Methods)Zebrafish embryos were used to evaluate the toxicity of air freshener products from a neurotoxicity
perspective based on whole extract. After evaluating the toxicity of air freshener products, we sought to identify the causative
agents responsible for the toxicity. To identify the neurotoxicants, we searched the literature for keywords related to
neurotoxicity and investigated lipid affinities to narrow the three individual substances. Among the three identified causative
agents, the one with the highest initial toxicity in zebrafish embryos was validated by analyzing neurobehavioral changes after
long-term exposure to adult zebrafish. Neurochemicals were analyzed in the brains of adult zebrafish to determine the
mechanism of neurotoxicity.

(Conclusions)Toxicity tests and behavioral assays using zebrafish embryos indicated that whole and extracted mixtures of the
air freshener product could be neurotoxic. To identify the neurotoxicants, we searched the literature for keywords related to
neurotoxicity and investigated lipid affinities to narrow the list, and citronellol, geraniol, and linalool were identified as
suspected toxicants. The neurobehavioral changes we observed after long-term exposure of adult zebrafish to citronellol,

SETAC Europe 34" Annual Meeting 77



geraniol, and a mixture of both substances demonstrated that the individual substances we identified were neurotoxic. Our
research represents the pioneering effort in formulating a methodology for identifying toxic culprits in household products.
Moreover, we have substantiated the toxicity of these identified agents utilizing the zebrafish animal model. Moving forward,
we plan to extend this work to a broader range of product groups in a follow-up study.

1.07.P-Th023 A Comparative Study of toxic pathway according to the Large Microplastic Shape Characteristics
(Polyethylene Terephthalate) on juvenile Rockfish Sebastes schlegeli

Kwang-Min Choi', Seong Hee Mun?, Dongju Shin* and Jee hyun Jung?, (1)Korea Institute of Ocean Science and Technology
(KIOST), Korea, Republic of (South), (2)Korea Institute of Ocean Science and Technology (KIOST), Yeongdo-gu, Korea,
Republic of

Microplastics are heterogeneous materials which diverse not only in particle size and shape, but also in polymers types
depends on the chemical composition including the additives products. It still remains unknown what the plastic
characterization itself are the major factor and impacts for microplastic toxicity. In the study, two different shape types
(fragment and fiber type) microplastics that dominate the coastal environmental types were administered orally in juvenile. In
this study, LMP was made of polyethylene terephthalate (PET) in the form of fragments and fibers with a size of 3 mm and
administered orally using a gelatin capsule. After exposure, fiber-type PET-LMP (FIiPET-LMP) induced stronger cytotoxicity
than fragment-type PET-LMP (FrPET-LMP), decreased antioxidant enzyme activity in hepatocytes, and increased reactive
oxygen species (ROS) production in a concentration-dependent manner. Transcriptomic analysis confirmed that exposure to
FrPET-LMP and FiPET-LMP affected biological processes such as energy metabolism and cell homeostasis, respectively.
Based on metabolomics analysis, we found the impact of nicotinate and nicotinamide metabolism pathway involved in energy
metabolism under stress caused by FrPET-LMP feeding. After FIPET-LMP ingestion, more liver metabolic pathways were
affected, confirming problems with the tryptophan metabolism pathway related to inflammation. Our results can be used as
reference data to evaluate the effects of PET exposure and can be useful for identifying correlations between toxic effects and
physiological functional properties of marine fish after exposure to MPs.

1.07.P-Th024 A Method for the Detection of Steroid Hormones in Fish Holding Tank Water

Emily Kennedy?, David M. Janz? and Markus Hecker?, (1)Toxicology, University of Saskatchewan, Canada, (2)Western
College of Veterinary Medicine and Toxicology Centre, University of Saskatchewan, Canada, (3)Toxicology Centre and
School of the Environment and Sustainability, University of Saskatchewan, Canada

Endocrine disruption, caused by the presence of chemical compounds in the environment, poses a significant threat to aquatic
ecosystems and the health of fish populations. These impacts are often directed towards steroidogenic pathways, making the
assessment of circulating steroid hormone concentrations a valuable method for understanding such effects. While blood
sampling is the conventional approach for steroid hormone quantification, it presents challenges, particularly in the case of
small fish species like the fathead minnow commonly used in studying endocrine disrupting compounds (EDCs). Often, these
fish are too small to provide sufficient blood volume for sample analyses necessitating the pooling of multiple samples and
reducing statistical power. Additionally, ethical concerns arise regarding the sacrifice of a large number of animals in both
laboratory and field-based biomonitoring programs for the purpose of blood collection. As such, the objective of this project
was to develop a liquid chromatography tandem mass spectrometry (LC-MS/MS) method for the quantification of steroid
hormones excreted into holding tank water to be used in the screening of EDCs. Using 500 ml of water collected from a tank
containing 4 L of water and a single fathead minnow detection limits for 7 steroid hormones including 11-ketotestosterone and
17-B-estradiol ranged from 0.02-0.15 ng/L. Moving forward, this method will now be calibrated by comparing concentrations
of hormones in water to those in blood as well as tested for its ability to detect endocrine disruption following exposure to
known EDCs. Once fully validated this method will be invaluable to the non-lethal screening of EDCs, and thus, the
assessment of fish health and improving fish welfare.

1.07.P-Th025 Assessing the Impact of Combined Anticancer Drugs On the Early Life Stages of Danio Rerio

Daniel Alexandre Bruno?, Diana Isabel Oliveira Carneiro?, Susana Loureiro® and Maria D Pavlaki?, (1)University of Aveiro,
Portugal, (2)University of Aveiro & Centre for Environmental and Marine Studies (CESAM), Portugal, (3)CESAM - Centre
for Environmental and Marine Studies & Department of Biology, University of Aveiro, Portugal

Across the world, millions of patients are undergoing chemotherapy, resulting in an increased consumption of anticancer
agents (AAs). After AAs are administered to patients, they can end up in the environment due to wastewater treatment plants’
lack of efficacy. Furthermore, in real-world scenarios, AAs do not exist isolated in the environment but rather in mixtures with
other AAs and/or contaminants. Therefore, is urgent to evaluate the effects of such a potential mixture on aquatic species. In
this study, we assessed the single and joint eco- and genotoxicity of three AAs, trabectedin (TRAB), doxorubicin (DOX), and
oxaliplatin (OXA), commonly used in cancer treatment patients jointly or in sequence, thus increasing their possibility to be
found as part of mixtures. Embryos of Danio rerio were exposed to the three AAs individually and in combination following
the OECD 236 Fish Embryo Acute Toxicity Test to assess acute toxicity, developmental alterations and DNA damage of
zebrafish embryonic stages. A full factorial design was used to assess the joint toxicity effects of the three AAs and deviations
from the reference models (Concentration Addition and Independent Action) whenever possible, along with calculating
synergistic ratios. Using no-effect concentrations, the comet assay evaluated DNA damage after 96 hours of exposure to single
and binary mixtures. The single acute toxicity tests revealed that TRAB and DOX caused mortality and malformations in
zebrafish embryos. On the other hand, OXA did not cause any effects at concentrations up to 100 mg/L. Trabectedin was
shown to be the most toxic, followed by DOX and then OXA, in terms of mortality, embryo/larvae malformations and DNA
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damage. Results from the mixtures suggest a Dose Ratio Deviation between TRAB and DOX, when evaluating mortality,
showing synergism when TRAB concentrations are high, and antagonism when DOX concentrations are high, while in DOX —
OXA and TRAB — OXA mixtures was observed an increasing pattern of effects on zebrafish larvae with increasing oxaliplatin
concentrations. Effects of the binary combinations of the three AAs show potentiation of effects in two of the mixtures, while a
possible antagonism appears to occur in the TRAB-OXA mixture when larvae are exposed to lower TRAB and higher OXA
concentrations. The results of this study highlight the importance of assessing the effects of AAs mixtures in the environment
rather than solely focusing on their individual effects.

1.07.P-Th026 Cardio- and Neurotoxicological Characterization of Sediment Flood Samples Taken After the 2021
Extreme Flood Event in Western Germany using Zebrafish Embryos

Jennifer P. Bayer?, Jakob Pfefferle!, Henner Hollert?® and Sabrina Schiwy?, (1)Evolutionary Ecology & Environmental
Toxicology, Goethe University Frankfurt, Germany, (2)Evolutionary ecology and environmental toxicology, Goethe University
Frankfurt, Germany, (3)Environmental Media Related Ecotoxicology, Fraunhofer Institute for Molecular Biology and Applied
Ecology (IME), Germany

In July 2021, severe thunderstorms caused extreme flood events in several European countries. In Western Germany, which
was one of the most affected areas, the floods resulted not only in many fatalities and infrastructural damage but also seriously
affected the environment. On this background, sediment samples were taken within 5 days after the flood event around the city
of Stolberg, North Rhine-Westphalia (Germany), which has a long history of metalworking and chemical industries. As part of
a comprehensive ecotoxicological profiling, the sediments were tested for their cardio- and neurotoxic potential in Danio rerio
embryos up to 120 hours post fertilization (hpf). After freeze-drying, the sediments were extracted using pressurized liquid
extraction, completely dried and reconstituted with dimethyl sulfoxide for further testing. The Fish Embryo Acute Toxicity test
was performed (OECD 236 and ISO 15088), with minor adjustments) to evaluate lethal and sublethal morphological endpoints
of the different samples. From the concentration-response relationship, ECs and EC1o were obtained for further testing. A
battery of behavioural assays (spontaneous tail coiling (24 hpf), touch-evoked response (72 hpf) and light/dark transition (120
hpf)), as well as Acetylcholine esterase (AChE) activity measurement in zebrafish larvae homogenates, was conducted to
assess the neurotoxicity of the samples. For evaluation of the cardiotoxic potential, sublethal morphological effects and
heartbeat were analyzed, and 7-ethoxyresorufin-O-deethylase activity (EROD) was measured in zebrafish larvae homogenates.
In contrast to our expectations, the neurotoxicological profiling did not reveal significant deviations from the controls, only
AChE activity was slightly elevated for a few samples. For cardiotoxic profiling, however, significant effects could be
observed. Increased heartbeat was detected in several samples and all samples showed significant induction of EROD activity.
These results indicate a heavy pollution of the sediments with polycyclic aromatic hydrocarbons, polychlorinated biphenyls
and dioxin-like compounds, which may originate from leaked fuels and heating oils as well as the remobilization and
redistribution of contaminated sediments. Combined with the pending chemical analysis, the results will help to identify the
actual sources of contaminants and thus contribute to a more detailed assessment of the environmental threats caused by
extreme events like this.

1.07.P-Th027 Characterisation of Zebrafish Embryos Developmental Stages using Automated Computer Device
Sizenando Nogueira Abreu®?, Ines Domingues®, Bruna Veira3, Fatima Jesus®, Amadeu M.V.M. Soares?, Rui Martins®* and
Miguel Oliveira e Silva®4, (1)CESAM & Department of Biology, University of Aveiro, Portugal, (2)TekenBio, Portugal,
(3)CESAM - Department of Biology, University of Aveiro, Portugal, (4)leeta - Deti, University of Aveiro, Portugal

Zebrafish (Danio rerio) embryos are a popular model increasingly used in ecotoxicology assays not only due to their
characteristics (e.g., transparency and quick development) but also because they comply with the 3 R’s policy promoted by the
European Union Directive 2010/63/EU on the protection of animals used for scientific purposes, being considered an
alternative model for animal experimentation. Setting up a zebrafish embryo assay involve the laborious and time-consuming
task of counting and selecting large number of newly fertilised embryos. The equipment for automated detection of small
organisms that has been, in previous works, tested and validated for counting zebrafish eggs/embryos. In this work, the
equipment was used to obtain an optic characterisation of the different developmental stages of zebrafish embryos from 2 to 7
hours post fertilisation as well of the non-viable and dead (coagulated) embryos that can always be observed together in
variable degrees in the eggs’ batches. Optic characterisation and direct embryo observation were performed for calibration of
the computer device. Embryos showed different levels of light absorbance, having non-viable embryos lower absorbances and
coagulated eggs having the higher values. Although, non-viable and viable embryos absorbances distribution show some
overlap areas in the first 3 hours, data indicate that at 4-5h post fertilisation, a differentiation is observed, being the most
accurate time point post fertilisation where well-developed eggs can be better differentiated from non-viable or dead embryos.

Overall data can be used to evaluate the non-viable, viable and dead embryos distribution in the eggs' batches, and it could be
used as a tool to infer the levels of fertilisation success in zebrafish facilities.

1.07.P-Th028 Characterising the Functional Homology of Central Nervous System Drug Targets in Fish.

Siobhan Alexandra Monaghan?, Matthew Winter!, Charles Tyler and Stewart Owen?, (1)University of Exeter, United
Kingdom, (2)AstraZeneca UK Ltd, United Kingdom

Many pharmaceuticals designed to target receptors in the human central nervous system (CNS) are increasingly detected in the
aquatic environment. Critically, the genes encoding the molecular targets of many of these drugs are highly conserved between
humans (the intended target species) and fish. Consequently, it has been proposed that many are likely to be biologically active
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in fish when they enter aquatic environments. However, there is limited information on whether many of these targets exhibit
functional homology between humans and fish. Here we sought to address this knowledge gap for a range of CNS targets
applying a suite of techniques to assess whether their gene sequence homology confers conservation of biological
(pharmacological) function. Firstly, we employed bioinformatics to identify the CNS drug targets with the highest degree of
similarity between humans and zebrafish (Danio rerio, our chosen study fish species). We then used this information to
prioritise CNS drugs that also are detected widely in surface waters. We then assessed the impact of exposure to
pharmacologically (from human therapeutic data) and environmentally relevant levels of these drugs on zebrafish embryo -
larval development that included assessing for CNS-specific impacts (via behaviours). Bioavailability of the drugs in the
embryo-larvae was also assessed using liquid chromatography with tandem mass spectrometry. Collectively, these data guided
studies for more specific CNS-focussed tests designed to better establish the neurobehavioral effects of these compounds. For
this, larval zebrafish with a pan neuronal genetically-encoded Ca?* sensor in combination with light sheet microscopy was used
to measure brain activity after exposure to each test drug for 4 days. This approach allowed us to assess the impact of drug
exposure across multiple brain regions, which we then correlated with the distribution of the drug molecular targets in the
brain, indicating whether orthologous targets are being modulated within the fish. Mapping brain regions affected can
furthermore provide insights into likely behavioural impacts, such as those mediated by olfactory, visual or locomotory
activity. A key overall aim of this work is to assess the degree of functional homology of drug targets between mammals and
fish, thereby identifying more sensitive endpoints for risk assessment as well as gaining a better understanding of likely effects
of these neuroactive drugs on fish in the wild.

1.07.P-Th029 Combined effects of benzisothiazolinone and propyl paraben using embryonic and adult zebrafish
Chaeun Park and Kyunghee Ji, Yong In University, Korea, Republic of (South)

Benzisothiazolinone (BIT) and propyl paraben (PP) are often mixed and used as preservatives in cleaning products. In the
present study, the toxicity of the binary mixture to BIT and PP through in vivo zebrafish experiments, considering the content
ratio and chemical combination of the cleaning products. Zebrafish embryos were exposed to BIT (2.29 and 229 pg/L), PP
(0.64 and 64.5 pg/L), and mixtures for 96 h, and the effects on the growth hormone (GH), insulin-like growth factor-1 (IGF-1),
and the transcription of genes related to GH/IGFs axis were investigated. Zebrafish pairs were also exposed to BIT, PP, and
mixtures for 21 d, and the effects on sex hormones and transcription of genes related to hypothalamus-pituitary-gonad axis and
vitellogenin were assessed. The mixtures had greater effects on development, reproduction, hormones, and gene expressions
than individual exposure. Larvae exposed to 229 nug/L BIT or mixtures showed significant reductions in growth. Reduced
contents of GH and IGF-1 are well supported by regulation of genes associated to GH/IGFs axis. In larvae exposed to BIT, PP,
or mixtures, reactive oxygen species and the levels of superoxide dismutase, catalase and glutathione peroxidase were
significantly increased. Although no significant changes were observed in vitellogenin gene transcription, a decrease in
gonadosomatic index in male fish and number of eggs were observed in mixed exposure. The results of a significant decrease
in testosterone in males and a significant decrease in 173-estradiol in females exposed to binary mixture suggest the anti-
estrogenic and anti-androgenic potential. The results of this study indicate that the toxicity of mixtures of preservatives in
consumer products may be greater than the toxicity of individual substances, which may be helpful in managing the risks of
mixtures in products.

Acknowledgment: This study was supported by Korea Environment Industry & Technology Institute (KEITT) through “the
Technology Development Project for Safety Management of Household Chemical Products” (grand number 288
2020002960006; 485017189), funded by Korea Ministry of Environment.

Keywords: Benzisothiazolinone; GH/IGFs axis; HPG axis; Propyl paraben; Zebrafish

1.07.P-Th030 Development of toxicity test protocols for Atlantic cod (Gadus morhua) — a relevant test species for the
Northern Atlantic Ocean

Bjgrn Henrik Hansen?, Stefania Piarulli?, Lisbet Sorensen?, Bjarne Kvaestad® and Julia Farkas?, (1)SINTEF, Norway,
(2)SINTEF Ocean, Norway

Atlantic cod (Gadus morhua) is a keystone species in the North Atlantic ecosystem, playing a crucial role in maintaining the
balance of marine food webs. Additionally, it has been a vital resource for centuries, supporting fisheries that have shaped the
cultural and economic basis for coastal communities. Climatic- or pollution-related impacts on cod recruitment would have
devastating biological, societal, and economic consequences. We have developed a standardized protocol for ecotoxicological
testing using this species based on the OECD Test No. 236: Fish Embryo Acute Toxicity (FET) which is based on the use of
zebrafish (Danio rerio) embryos. Atlantic cod eggs are comparable to zebrafish eggs in size, but in contrast, cod eggs have a
lower density (pelagic eggs), develop at lower temperature and over a longer period from fertilization to hatch (approx. 100
degree days, d°). Compared to the OECD guideline, we used larger exposure volumes (>100 mL), an increased number of
individuals (approximately 100 eggs per 100 mL beaker) and a lower temperature (8.5 + 1 °C). In addition, we standardized
sublethal toxicity endpoints relating to cardiotoxicity and morphological deformations using automated analyses of videos and
images. A positive control experiment using 3,4-dichloroaniline (DCA) revealed that cod embryos were significantly more
sensitive to acute DCA exposure compared to other species tested and reported in the literature. Reduced survival, as well as
cardiac, developmental, and morphometric alterations were observed at concentrations as low as 8 ug/L. Large interspecies
variation in sensitivity to chemicals needs to be considered when performing environmental risk and impact assessment, and
toxicity data on relevant species should be selected.
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1.07.P-Th031 Ecotoxicity of Perovskites as Multi-component Advanced Materials (AdMs) in Aquatic Environments:
from Cellular Effects to Acute Toxicity and Bioaccumulation Potential in Fish

Mona Connolly?, Gerardo Pulido-Reyes?, Lars Skjolding?, Anders Baun? and José M. Navas?, (1)Department of Environment
and Agronomy, Institute for Agricultural and Food Research and Technology, Spanish National Research Council (INIA-
CSIC), Spain, (2)DTU Sustain, Technical University of Denmark (DTU), Denmark

Perovskites can exist with specific crystal structures and unique chemical compositions, leading to their tunability for
applications in various industries. Intelligent testing strategies are required to meet regulatory demands for the safe use of such
advanced, multi-component nanomaterials. Since fish represent model organisms for aquatic ecotoxicity testing and there are
standardised test guidelines (TGs) based on these organisms, one of the objectives of this work was to assess the applicability
of such TGs in a testing strategy for evaluating the toxicity of these advanced materials. With this in mind, the rainbow trout
(Oncorhynchus mykiss) RTgill-W1 cell line acute toxicity test (OECD TG 249), the fish 96h acute toxicity test (OECD TG
203) and the fish bioaccumulation test (OECD TG 305) were used. The use of the RTgill- W1 cell line provided a high
throughput approach to material testing. It acted as a predictive screen and a tool for deeper mechanistic adverse outcome
pathway (AOP) focused investigations. Adaptations to the standardised OECD TG 203 were incorporated (e.g. use of turbines
and humic acid) to facilitate material exposure concentration maintenance during testing with juvenile rainbow trout. While
material stability was overcome by applying the dietary exposure route to test material bioaccumulation using TG 305.

Lanthanum-nickel-cobalt perovskites were tested, as well materials doped with Pt and the rare earth metal Pd, using the
mentioned strategy. As well as providing much needed ecotoxicological information, collectively the information generated
fed into a safe and sustainable by design (SSbD) approach ranking material hazard potential. Links were made between the
materials physico-chemical properties and effects. Single particle inductively coupled plasma mass spectrometry (SP-ICP-MS)
was used to analyse fish tissues for different accumulation patterns. By measuring the uptake and depuration of specific
perovskite metal components, differences in potentials for accumulation were identified. Also fish were analysed for sublethal
biomarkers of toxicity associated with potential underlying mechanisms of chronic toxicity (e.g. oxidatve stress). This
developed strategic AOP directed integrative approach on testing and assessment (IATA) using fish as a model organism for
aquatic toxicity testing will be used in the decision support tool being developed within the EU Horizon 2020 project
HARMLESS grant agreement No. 953183.

1.07.P-Th032 Effect of Psychoactive Compounds on Neurotransmission in Fish

Gayani Rajakaruna Kapukotuwa?, Serhii R Boryshpolets?, Alina Sadchenko®, Anatolii R Sotnikov?, Katerina Grabicovd®,
Vitaliy R Kholodnyy? and Ganna Fedorova®, (1)University of South Bohemia Ceske Budejovice, Ceské Budéjovice, Czech
Republic, (2)University of South Bohemia Ceske Budejovice, Faculty of Fisheries and Protection of Waters, Czech Republic,
(3)University of South Bohemia in Ceské Budéjovice, Faculty of Fisheries and Protection of Waters, Czech Republic
Psychoactive compounds, including psychiatric pharmaceuticals and illicit drugs, are emerging contaminants in the aquatic
environment. They are introduced to the aquatic ecosystem either as parent compounds or their metabolites through improper
disposal, human urine and feces. Furthermore, these compounds have been found in aquatic organisms, noticeably in fish. The
neurotoxicity of psychoactive substances is revealed in fish behavioral alteration, hyperactivity and hypoactivity. Moreover,
psychoactive substances cause reproductive toxicity, including altered sperm morphology and decreased courtship and
reproductive output in fish. This study aims to observe the changes in neurotransmitters concentrations in fish as a response to
exposure to psychoactive compounds. Bioaccumulation of psychoactive drugs, as well as histological changes and sperm
motility, were also investigated. The experiment was conducted in the laboratory under controlled conditions in 200 L aquaria
with adult males of European Perch (Perca fluviatilis). A mixture of seven psychoactive compounds (citalopram, donepezil,
gabapentin, methamphetamine, sertraline, tramadol, venlafaxine) was used for the study at the final concentration of 1 pg/L
and introduced to each aquarium, excluding control aquaria, which were maintained in drug-free water. Water samples (n =
180) were taken during the test in 24-hour intervals before and after water change in the aquaria. The samples were analyzed
using the in-line-SPE-LC/MSMS method. The actual concentration corresponded to the nominal with the average difference of
18% for all compounds except of sertraline, for which a significant concentration decrease after 24 hours was observed. Fish
were exposed to the target psychoactive compounds for 23 days, and sampling was conducted in 0-, 7- and 23-day.
Specifically, fish brains, eyes, gonads and sperm samples were analyzed for the selected neurotransmitters and for
psychoactive drugs using LC/HRMS/MS. Information about contaminant-induced changes in neurotransmitters can be crucial
because it may link behavior and physiology in the exposed fish.

Acknowledgement - The authors thank the Czech Science Foundation [No. 22-037548S], the Ministry of Education, Youth and
Sports of the Czech Republic - project “CENAKVA” [No. LM2018099].

1.07.P-Th033 Effects of Tributyltin Exposures in Zebrafish Embryos by Multi-omics

Albert Menéndez-Pedriza, Janan Gawra, Liliya Sokalchuk Sokalchuk, Joaquim Jaumot and Laia Navarro-Martin,
Environmental Chemistry, Institute for Environmental Assessment and Water Research, Spanish Research Council (IDAEA-
CSIC), Spain

The Zebrafish (Danio rerio) has emerged as a powerful model organism across a broad range of scientific fields, including
ecotoxicology. The Zebrafish model presents various advantages over other common model organisms such as its effortless
manipulation or large offspring. Strikingly, toxicological data from zebrafish can be extrapolated not only to aquatic species
but also to other vertebrates, including humans. Furthermore, zebrafish embryos are considered an excellent alternative animal
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model with fewer ethical restrictions, ensuring compliance with 3R’s principle (Replacement, Reduction, and Refinement) in
animal research. As a result, their use in ecotoxicological studies particularly in endocrine-disrupting chemical (EDCs)
assessment has gained recent importance.

While single-omic technologies have been widely used in ecotoxicology to identify molecular disruptions induced by
environmental pollutants in target samples, they are specific to a single biological layer, leading to overly simplistic
approaches that provide a limited understanding of complex molecular pathways and biological processes. In recent years,
multi-omic approaches have gained significant attention due to their potential to provide a more comprehensive understanding
of underlying mechanisms and pathways in biological systems. Therefore, the integration of multi-omic analysis is a powerful
tool to efficiently capture not only the toxic mechanisms but also multifaceted networks from gene to phenotype.

In the present work, we investigated the endocrine-disrupting behavior of Tributyltin (TBT), an organotin compound known to
cause significant environmental consequences. To accomplish this, we conducted a multi-omic analysis combining untargeted
LC-HRMS lipidomics and RNA-Seq transcriptomics data after exposing zebrafish eleutheroembryos to environmentally
relevant concentrations (from 0.3 to 100 nM) from four to five days post fertilization. The results obtained from the multi-omic
pathway enrichment were in concordance with the main single omics results. Interestingly, the multi-omic analysis also
revealed the disruption induced in pathways that were not found significantly affected in the single-omic studies. To confirm
the accuracy of the multi-omic, we conducted complementary behavioral testing and neurotransmitter analysis. Collectively,
this study demonstrates the usefulness of multi-omic data analysis in better understanding the modes of action of EDCs.

1.07.P-Th034 Effects of a Reduced Graphene Oxide-Silver Nanoparticle Hybrid Material on Zebrafish Embryos

Maddi Aramburu?, Radmila Tomovska PhD?, Miren P. Cajaraville PhD, PhD* and Amaia Orbea PhD?, (1)CBET+ Research
Group, Department Zoology and Animal Cell Biology, Faculty of Science and Technology and Research Centre for
Experimental Marine Biology and Biotechnology PiE, University of the Basque Country UPV/EHU, Spain, (2)POLYMAT and
Department of Applied Chemistry, Faculty of Chemical Sciences, UPV/EHU, Joxe Mari Korta Zentroa & Basque Foundation
for Science, Spain

The hybrid material consisting of reduced graphene oxide and silver nanoparticles (rGO-Ag) is one of the most promising
compounds for optoelectronic, catalytic and electrochemical applications. Taking into account the nanosize of this material and
its large surface area, possible ecotoxicological and environmental safety aspects are raised. The aim of this study was to
analyze the hazard of rGO-Ag in zebrafish embryos and to compare them with the effects caused by other silver and graphene
family compounds. Newly fertilized embryos were exposed for 120 h up to 2.5 mg/L of rGO(PVP)-Ag and to the equivalent
concentrations of ionic silver and Ag nanoparticles (size range: 5-50 nm; mean size: 17 nm), as well as to the rGO-Ag filtrate
in order to study the effect of potentially dissolved silver. Developmental parameters (survival, hatching and malformations)
were monitored along exposure and effects on cell death and on catalase and acetylcholinesterase (AChE) activities were
measured at the end of the exposure. Acute toxicity tests showed that the LC50 value for the rGO-Ag (0.306 mg/L) was 12 and
7,5 times higher than the LC50 value for ionic silver (0.025 mg/L) and for Ag nanoparticles (0.041 mg/L), respectively. The
LC50 value of filtrated rGO-Ag could not be calculated as it was higher than tested concentrations, indicating a low
contribution of dissolved silver ions to the observed toxicity. Moreover, at equivalent concentrations, higher fluorescence
intensity revealing cell death was observed in embryos exposed to ionic silver and Ag nanoparticles than in those exposed to
rGO-Ag. Increased malformation prevalence was only recorded at the highest concentration of rGO-Ag filtatre, but at
concentrations >0.156 mg/L of rGO-Ag. Both silver forms provoked malformations, especially yolk sac edema, at lower
concentrations. No significant changes were recorded in catalase activity. Exposure to 3.8 and 7.7 pg/L of Ag nanoparticles,
but not of ionic silver, and to 0.156 mg/L of rGO-Ag significantly inhibited AChE activity. These results demonstrated that the
hybrid compound rGO-Ag is less toxic than ionic silver and than Ag nanoparticles, but still can pose a risk for aquatic
organisms. *Work funded by Basque Government (consolidated research group 1T1302-19 and 1T1743-22) and Spanish
MINECO project NACE (CTM2016-81130-R).

1.07.P-Th035 Effects of exposure to Piriproxifen on the survival of adult Danio rerio (Zebrafish)

Beatriz Gomes Gameiro?, Rafaella da Silva Brito!, Fabio Kummrow?, Gisele Giannocco?, Dimitrius Leonardo Pitol* and
Bruno Fiorelini Pereira?, (1)Federal University of Sdo Paulo, Brazil, (2)Biology, Federal University of Sdo Paulo, Brazil
Considering the great concern about controlling the proliferation of vectors that reproduce in aquatic environments, the
adoption of larvicides in water reservoirs for various purposes has become increasingly frequent. Among the active ingredients
recommended by the WHO for use in drinking water is Pyriproxyfen (PPF). The most common risk assessment procedures use
occurrence and toxicity data on pesticide active ingredients. Therefore, it is necessary to evaluate the real harmful effects of
these substances that are increasingly present in aquatic environments. The model based on Danio rerio - zebrafish has become
popular for toxicity assessment, mainly because it is an organism with anatomy, physiology and development similar to higher
vertebrates and because it is representative and recognized as a model for aquatic environments. Thus, our objective was to
identify the possible toxic effects resulting from acute exposure of Danio rerio adults to PPF, aiming to obtain the LC50 for
this molecule. For this study, fish of the AB lineage were used, from the fish facility of the Federal University of Sdo Paulo,
with 3 months of age, and for each exposure, replicates were carried out with 10 individuals each. PPF was solubilized with the
help of DMSO. The first concentrations tested were: 0.0001, 0.001, 0.01, 1, 5 and 10 mg/L. Only concentrations of 5mg/L and
10 mg/L induced mortality of 60% and 86.6%, respectively. In a second experiment, concentrations of 2, 3 and 4 mg/L were
selected, and all of these concentrations presented similar mortality percentages (63.3%, 60% and 56.7%, respectively). In a
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third stage of experimentation, concentrations of 2, 4 and 6 mg/L were tested, which were capable of inducing mortality rates
of 62.5%, 60% and 87.5%, respectively. As a final step, we carried out the tests using concentrations of 1; 1.5; two; 2.5; 3; 3.5
and 4 mg/L. In this final experiment we obtained mortality percentages from 0 to 1 mg/L; 10% to 1.5; 60% for 2 and 2.5 mg/L;
62.5% for 3 mg/L; 60% for 3.5 and 4 mg/L. Our results do not allow us to obtain a reliable LC50 value, however it is possible
to infer that the LC50 of PPF is between concentrations of 1.5 and 2 mg/L. The impossibility of precisely estimating the LC50
of PPF is probably due to solubility problems of the compound.

1.07.P-Th036 Effects of the thyroid hormone system disrupting compound metformin on the development of early life
stages of zebrafish (Danio rerio)

Simone Fibiger Sgrensen, Biology, University of Southern Denmark, Denmark

Metformin is the most widespread antidiabetic drug treatment in the world, and with the increasing number of diabetic
patients, an increasing production and consumption of metformin follows. Due to the incomplete uptake and metabolization of
metformin when ingested, as well as insufficient wastewater treatment, metformin is released into the environment. In
Germany, metformin has been detected in surface waters at an average concentration of 467 ng/L. Worldwide, metformin is
amongst the top three most frequently detected pharmaceuticals in aquatic environments and has been shown to cause
endocrine disruption in fish. Although, knowledge about the long-term effects of metformin on aquatic organisms is limited.
To investigate effects of metformin on aquatic organisms, zebrafish (Danio rerio) will be used as a model organism, focusing
on thyroid hormone system (THS) sensitive endpoints, such as swim bladder inflation and eye histopathology. It is known that
THS is involved in numerous developmental processes, and that exposure to thyroid hormone system disrupting chemicals
(THSDC), can have detrimental long-term effects on several organisms. Assessment of the effects of metformin on THS will
be done with experiments based on the OECD TG 236: Fish embryo Acute Toxicity Test, testing concentrations of metformin
that are environmentally relevant and focusing on sublethal and behavioral endpoints. Results from this study will contribute to
a better understanding of the potential thyroid disrupting mechanisms of metformin on aquatic organisms, and how this might
affect aquatic ecosystems.

1.07.P-Th037 Effects of three alkyl-organophosphate flame retardants on neurobehavioral development and oxidative
stress in zebrafish larvae

Kijeong Yun! and Kyunghee Ji?, (1)Yong In University, Gyeonggi-do, Korea, Republic of, (2)Yong In University, Korea,
Republic of (South)

While concerns are growing on the presence of alkyl-organophosphate flame retardants (alkyl-OPFRs) in the environment,
there is significant lack of knowledge on their potential toxicity. In the present study, we evaluated the neurobehavioral
development and oxidative stress induction of trimethyl phosphate (TMP), triethyl phosphate (TEP), and tris(2-butoxyethyl)
phosphate (TBEP) using zebrafish embryo/larvae. Zebrafish embryos were exposed to TMP, TEP, and TBEP (0, 0.02, 0.2, 2,
20, and 200 mg/L) for 96 h, and changes in developmental parameters, locomotor behavior, reactive oxygen species (ROS),
and antioxidant enzymes were measured. TBEP exposure reduced body length and weight of larvae, whereas TMP and TEP
did not significantly affect developmental parameters. Hypoactivity, decreased levels of acetylcholinesterase and dopamine,
and down-regulation of genes involved in central nervous system (e.g., ache, gap43 and mbpa) were observed in fish exposed
to TEP and TBEP. The levels of ROS, superoxide dismutase, catalase, and glutathione peroxidase were significantly increased
in fish exposed to TEP and TBEP. Pretreatment with N-acetylcysteine, the classic antioxidant, alleviated TEP and TBEP-
induced neurobehavior toxicity and oxidative stress. The results of this study revealed that zebrafish locomotor behavior
impairments and developmental delay induced by TEP and TBEP exposure are attributed to oxidative stress.

Acknowledgment: This study was supported by the National Research Foundation of Korea (NRF; Project no. RS-2023-
00251751) and Korea Environment Industry & Technology Institute (KEITI) through Technology Development Project for
Safety Management of Household Chemical Products Program, funded by Korea Ministry of Environment (MOE)
(1485019252, RS-2022-KE002023).

Keywords: Alkyl-organophosphate flame retardants, Neurotoxicity, Oxidative stress, Zebrafish

1.07.P-Th038 Embryotoxicity assessment of Diflubenzuron commercial formulations using the zebrafish model system
Rafaella da Silva Brito!, Fabio Kummrow?, Gisele Giannocco?, Ana Carolina Luchiari?, Aline Garvene Favero?!, Maria Célia
SANCHES OLIVEIRA Luz* and Bruno Fiorelini Pereira®, (1)Federal University of S&o Paulo, Brazil, (2)Federal University os
Rio Grande do Norte, Brazil, (3)Biology, Federal University of S&o Paulo, Brazil

Diflubenzuron (DFB), a synthetic benzoylurea larvicide, is a chitin inhibitor used to control arthropods, including insect
vectors of human and veterinary diseases. It is currently used to control insect infestations in agriculture and livestock and for
ectoparasite control. Although this active ingredient is expected to have low toxicity to non-target species, unknown
components in its commercial formulations, such as excipients, adjuvants, and surfactants, may contribute to or interfere with
its toxicity. To understand the environmental impact of DFB applications, the most relevant approach is to test the commercial
formulations due to the lack of information on their ingredients. In this study, we evaluated the toxicity of two formulations of
DFB: (i) an oral formulation for bovine use and (ii) a water-soluble formulation for agricultural use, the latter tested by direct
water dilution or using DMSO as co-solvent. Embryotoxicity was evaluated according to OECD Test Guideline No. 236.
Zebrafish embryos up to 4 hpf were exposed to different concentrations of the formulations and the active ingredient (0.025,
0.125, 0.25, 1.25, 2.5, and 10 mg L) for 120 h (extended FET) to assess biomarkers related to development, morphological
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changes and cardiotoxicity, and for 168 h to assess their effects on larval respiration rate (prolonged exposure until larvae are
large enough for measurement). For the statistical analysis, the assumptions of normality and homoscedasticity were tested.
Parametric data was compared using one way ANOV A/ Tukey and non-parametric data was compared using Kruskall-
Wallis/DSCF. Our results showed that both formulations caused an increase in larval heart rate (p < 0.001) and changes in
respiratory rate (p < 0.05), indicating the possible influence of these formulations on larval metabolism. In addition, larvae
embryos to the water-dispersible formulation (containing DMSO) at 10 mg L™ showed an increase in notochord malformations
compared to the control group (p = 0.042). To date, we have performed an exploratory assessment of the potential teratogenic
effects induced by commercial formulations of DFB on zebrafish embryos, and the effects were associated with sublethal
changes observed under acute exposure. Thus, our results provided insights into the potential environmental impact of DFB
formulations. In the next steps of this work, we will investigate effects at the cellular level, as well as tests on adult individuals.

1.07.P-Th039 Exploiting Zebrafish Tools for a Safe and Sustainable Development of Nano-Enabled Antimicrobials to
Reduce the Presence of Antimicrobial-Resistant Bacteria in the Aquatic Environments

Beatrice Negrinit?3, Christian D'Abramo?, Patrizia Bonfanti!, Anita Colombo?, Mattia Costamagna®, Ahmad Seyed Aldaghi?,
Massimo Perucca® and Paride Mantecca?, (1)Department of Earth and Environmental Sciences, POLARIS Research Center,
University of Milano-Bicocca, Italy, (2)Department of Biotechnology and Biosciences, University of Milano-Bicocca, Italy,
(3)Project Hub-360, Sustainability & Innovation Consultancy Company, Italy

Nanoparticles (NPs) and nano-enabled products (NEPs) emerged as novel antimicrobial agents with proven efficacy against
antimicrobial-resistant bacteria polluting aquacultures. Nevertheless, their safety and sustainability must be evaluated at an
early design phase.

This work aims at evaluating the safety and sustainability of a platform of nano-antimicrobials in exploitation scenarios by
using zebrafish (D. rerio) as model organism for high-throughput developmental and behavioural screening, in parallel with
the Life Cycle Assessment (LCA) methodology.

The study focused on CuO NPs-nano-engineered antimicrobial/biofilm fish cage nets and water filtration membranes, as well
as on marine-derived nano-formulated antimicrobial agents, proposed as an alternative to antibiotics for fish. Specifically, the
study investigated water-based copper oxide (wCuO) NPs and wCuO-based NEPs, including coated, co-extruded polymers and
coated filtration membranes, along with nano-formulations of microalgae-derived lipid NPs and quorum quenching enzymes.
A definition of new protocols for the leaching of nanomaterials was attempted and is here proposed. The NPs suspensions and
leachates from the NEPs were characterized by TEM, DLS and ICP-OES, while their aquatic toxicity potential was assessed
using the Fish Embryo acute Toxicity test (OECD n.236). The Lethal Concentration 50 (LC50) and the Effective
Concentration 50 (EC50) were calculated. Morphometric and behavioural analyses were performed on exposed embryos to
assess additional indicators of sub-lethality.

LCA studies were carried out to assess the environmental sustainability of the materials’ production. The associated impacts
were assessed with the CML 2001 impact method and the OpenL CA software. Within the inventory phase, primary data and
information on the synthesis/production processes of the NPs and the NEPs were collected and modelled.

Toxicology analyses did not highlight any significant lethal effect for all the NEPs and the hatching was the most affected
endpoint at sub-lethal level. The LCA analyses identified the most impactful steps within the materials’ production.

The integration of nano-ecotoxicology assessment and standard LCA studies is suggested as an effective methodology to
provide a comprehensive and harmonised framework for decision-making during the design stage of safe and sustainable nano-
enabled antimicrobials, for example, within the field of fish farming.

1.07.P-Th040 Filling The Fish Toxicity Data Gap of Pesticides Using in silico Tools:
Selen Gokge Selguki, Institute of Environmental Sciences, Bogazici University, Turkey

Pesticides are a common group of chemicals used to facilitate human life in many areas. In 2018, the total amount of pesticide
use in Turkey increased by 10.9% compared to 2017 and had reached 60,020 tons. Aquatic toxicity is one of the major
concerns since the life cycle of chemicals mostly ends up in the water compartment. Considering all types of pesticides and the
damage they cause to the environment, the need for toxicological and ecotoxicological data is very high. It is almost
impossible to allocate enough time, budget and chemical use for the experimental testing required to fill this data gap. For this
reason, substitution methods are used for the replacement of laboratory tests (i.e., in vitro, and in vivo methods) with
alternative methods (i.e., non-experimental in silico methods) like quantitative structure-toxicity relationships (QSTRs). QSTR
models for Oncorhynchus mykiss toxicity predictions of pesticides are notably depends on a small dataset, without using 3D
descriptors or do not fulfill the OECD validation requirements. In the presented study, robust and reliable quantitative
structure-toxicity relationships (QSTRs) for the toxicity of pesticides to fish with a defined applicability domain were
generated and fish toxicity of pesticides with no experimental data was predicted by using the novel QSTR models.

For model development, experimental aquatic freshwater toxicity data of pesticides (from reliable sources which showed
compliance with OECD principles for testing of chemicals) for fish were gathered from several databases and literature. Both
for external validation and to fill the gap in the literature, the missing data for fish were estimated using these models. The
chemicals within the AD of each model were listed. Validated QSTR models based on the Ordinary Least Square method were
developed for acute toxicity prediction towards Oncorhynchus mykiss. Robust and predictive QSTR models were using 313
pesticides’ toxicity data. The importance of 3D descriptors for pesticides in QSTR models for fish was underlined. The
presented QSTR models were used to fill data gap for more than 300 pesticides without fish toxicity, by providing wider
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applicability domain than the existing studies in the field. The generated fish toxicity QSTR models for pesticides has a
potential to be used in screening and prioritizaiton of pesticides.

1.07.P-Th041 Harmful Effects of Caffeine on the Fish Poeciliopsis gracilis Heckel, 1848 (Poeciliidae)

Alma Sobrino-Figueroa® and Alberto Perez-Rojas?, (1)Hidrobiology, Metropolitan Autonomous University (UAM)
Iztapalapa, Mexico, (2)Autonomous Metropolitan University-lztapalapa, Mexico

Poeciliopsis gracilis is a species native to Mexico, it lives in lentic areas of rivers and streams in the tropical portion of the
coasts of the Gulf of Mexico and the Mexican Pacific. Because there are no studies on the response of P. gracilis to pollutants,
in this study an evaluation of the effects on survival and physiological rates (respiration rate, excretion rate, feeding rate and
growth rate) was carried out: in juvenile fishes exposed to caffeine. Initially, an acute bioassay was carried out where six
concentrations of caffeine (0.0, 0.5, 1.0, 5.0, 10.0, 15.0, 20.5 1 mg/L) were tested (n = 10 in triplicate), to determine the lethal
concentration (LCsp) (Probit) to 96 hours. Subsequently, a test lasting 20 days was carried out. Fish were exposed to 2
sublethal concentrations (LCs0/100 and LCso/10). Samples were taken at 5, 15 and 20 days to measure physiological rates and
at the end of the exposure period the growth rate was evaluated. TheL.Cso obtained in the acute bioassays was 14.1 mg/L. In the
sublethal bioassays, an increase in the respiration rate was observed in the first days of exposure and subsequently a decrease.
On the contrary, the excretion rate increased throughout the exposure time. The feeding rate decreased after 15 days of
exposure, consequently the rate of weight gain was lower compared to the control group. The O:N ratio obtained showed that
the organisms presented high stress after 15 days of exposure to caffeine. The data obtained demonstrate that caffeine causes
harmful effects to juveniles of P. gracilis.

1.07.P-Th042 INTOB: Advancing Digital Infrastructure for Enhanced and findable, accessible, interoperable, and
reproducible (FAIR) Management and Analysis of Toxicological Data Obtained with Zebrafish Embryo

Nils Kluver, Paul Michaelis, Kristina Haase, Janet Kriiger, Bente Nissen and Wibke Busch, Helmholtz Centre for
Environmental Research (UFZ), Germany

Toxicological testing plays a pivotal role in diverse contexts, ranging from regulatory approvals for chemical substances to
environmental assessments and scientific investigations into toxicity's cause-and-effect relationships. Here we introduce
INTOB (Integrated effect data base for toxicological observations on organism scale), a software designed for the structured
management of toxicological data and metadata according to the FAIR principles (“findable, accessible, interoperable, and
reproducible™). INTOB facilitates the FAIR management of observation data generated through the widely employed zebrafish
embryo toxicity test, a recognized OECD standard (OECD TG 236). The application extends to areas such as the quality
assessment of wastewater in accordance with DIN EN 1SO 15088.

INTOB serves as a comprehensive solution, its central in-house database not only ensures data sovereignty for users, but also
provides a robust system for quality control and standardisation, and flexibility in data usage. In a landscape where the
digitization of toxicological observations is still in its infancy, INTOB emerges as a state-of-the-art solution, addressing the
urgent need for efficient data management in response to political, regulatory, and industrial demands. Furthermore, INTOB
sets the stage for the integration of artificial intelligence-based analytical methods in the realm of toxicology, presenting a
forward-looking perspective on the evolution of toxicological data management and analysis. Here we explore the
functionalities, benefits, and potential applications of INTOB, offering valuable insights into the future trajectory of
digitization in toxicology.

1.07.P-Th043 Identification of Differences in Mechanisms of Developmental Neurotoxicity of Methyl-, Ethyl-, and
Propyl-Parabens in Zebrafish Embryos Through Transcriptome Analysis

Tran Cong, Ji Yun Kang, Seongeun Park and Kitae Kim, Seoul National University of Science and Technology, Korea,
Republic of (South)

Para-hydroxybenzoates, including methyl, ethyl, and propyl parabens, are widely used industrial preservatives known for their
antiseptic properties. However, their chemical nature allows easy release into indoor environments during product use, posing
concerns for infants and young children who spend extended periods indoors. This study employed a zebrafish embryo model
to assess the neurotoxicity of commonly encountered methyl, ethyl, and propyl parabens.

In response to the limited comparative developmental (neuro)toxicity studies on parabens, the investigation aimed to align
phenotypic observations with transcriptomic analyses. Zebrafish embryos (2—4 hours post-fertilization) were exposed to
varying concentrations (0, 5, 10, 20, 40, 80, 150, and 300 uM) of the parabens. Acute toxic effects were assessed through
embryonic mortality-based POD (M-POD) values at 120 hpf, utilizing a 5% benchmark dose. Behavioral assessments were
conducted on 120 hpf zebrafish at M-POD concentrations of 0, M-POD/50, M-POD/10, and M-POD, with behavior analyzed
using Zebrabox. Transcriptome analysis at 120 hpf after exposure to sublethal paraben concentrations (0, M-POD/50, M-
POD/10, and M-POD) provided tentative transcriptome-based POD (T-POD) values for each paraben, compared with M-POD
values.

In conclusion, long-chain propyl paraben exhibited greater acute toxicity than short-chain methyl and ethyl parabens.
Behavioral assays at BMD 5 concentrations, determined based on morphological incidence, revealed changes in larval
behavior only in the ethyl paraben-exposed group. Subsequent transcriptome analysis confirmed that the observed
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hyperactivity was associated with derangement. T-POD values for the three parabens were similar, despite differences in
embryotoxicity and malformation based on chain length. This suggests that adverse effects of the three parabens can manifest
at similarly low concentrations. However, distinct molecular perturbations determine varying degrees and consequences of
toxicity. The study demonstrates that POD-based transcriptome alterations are effective for comparing molecular mechanisms
regulating phenotypic traits between two or more toxic chemicals.

This study was supported by Korea Environment Industry & Technology Institute (KEITI) through “the Technology
Development Project for Safety Management of Household Chemical Products”, funded by Korea Ministry of Environment
(MOE) (grant number 2020002960006).

1.07.P-Th044 Identification of Molecular Markers on Zebrafish Embryo for Thyroid Disruption by Transcriptomic
Analysis

Noémie de Crozé!, Celia Marti Marti?, Laurent Sachs® and Nicolas Buisine®, (1)L'Oréal, France, (2JMNHN, France, (3)UMR
7221 CNRS/MNHN Muséum National d'Histoire Naturelle, France

Environmental pollution is a rising concern for both human and environmental health. Among others, the evaluation of
endocrine disruptor chemicals is a challenge for both regulators and industry. Only a few methods exist to identify Thyroid
Disruptor Chemicals (TDC). Those methods are low throughput and expensive or do not often comply with the animal testing
ban of cosmetic regulation. Therefore, it is becoming urgent to develop novel strategies and screening methods to identify
TDCs. As thyroid signaling is highly conserved between teleost and mammals, zebrafish embryo is an alternative model for
studying both physiological regulations and disruption. We design a transcriptomic analysis where embryos are exposed to
reference compounds alone or in combination with thyroid hormones (T3 and T4) according to the FET test protocol (Fish
Embryo Test - OECD guideline, n°236). We selected four reference compounds: lopanoic acid (IOP), Sodium Perchlorate
(PCL), Tetrabromobisphenol A (TBBPA) and Propylthiouracil (PTU) based on their different modes of action on the thyroid
signaling pathway. We choose to expose the embryos at dose corresponding to FET EC10 and analyzed their transcriptomes by
RNA sequencing.

After quality control, reads were mapped to Danio rerio genome. Lists of differentially regulated genes (DEGS) are classified

in several clusters, each corresponding to a type of biological response. Despite a great diversity of biological responses, DEGs
are classified into three families: chemical dependent (Only compound), Thyroid Hormone dependent (TH only) and crosstalk
responses (Potential TD). These correspond to specific effects due to the action of selected compounds alone or in co-treatment
with thyroid hormones (crosstalk responses).

We found major effects with our reference compound alone, but virtually no effect with THs alone. Co treatment TH +
compound revealed not independent responses thereby identifying potential thyroid signaling disruption. The biological
processes affected are related to apoptosis, metabolism, and immune system. We provide a list of around 80 potential
biomarkers of thyroid signaling disruption.

1.07.P-Th045 Impact of Trifloxystrobin Exposure on the Early-Stage Zebrafish (Danio rerio) Metabolome

Chaeeun Kim, Donghyeon Kim and Sung-Eun Lee, Department of Applied Biosciences, Kyungpook National University,
Korea, Republic of (South)

Trifloxystrobin (TFS) belongs to the strobilurin group of fungicides widely used in agriculture. TFS is known for its broad-
spectrum activity against a wide range of fungal pathogens. This fungicide inhibits the mitochondrial respiratory chain
complex 111 in fungi, disrupting their ability to generate energy. TFS was found to cause severe developmental toxicity in
zebrafish (Danio rerio) embryos, resulting in developmental delays as well as heart and vascular defects. As the alterations in
metabolic pathways induced by TFS are still unknown, we carried out metabolomics to identify developmental toxicity. After
being treated with TFS 0.2 mg/L to zebrafish embryos up to 96 h post-fertilization (hpf). Phenotypes were photographed at the
endpoint and samples were collected for analysis of metabolites. Embryos exposed to TFS showed various phenotypes like
curved spine, yolk sac edema, and heart edema at 96 hpf. Relative amounts of compounds that were included in metabolic
pathways were confirmed with GC-TOF-MS. Based on the results of multivariate statistical analysis, the control group and
TFS-treated group were well distinguished. 42 metabolites were selected and identified by the OPLS-DA model, and the
amounts of glutaric acid were relatively increased in the TFS-treated group. Compared to the control group, the TFS-treated
group showed relatively lower fatty acid and its derivatives. Taken together, TFS exposure can lead to the disruption of various
pathways in developing zebrafish embryos with potential implications for carbohydrates and fatty acids in organisms. These
findings indicate that the application of TFS in the agricultural field could potentially have adverse effects on the early-stage
development of organisms in aquatic ecosystems.

1.07.P-Th046 Investigating The Mechanisms of Endocrine Disrupting Chemical-Induced Masculinization in Medaka
(Oryzias latipes)

Ching-Hsin Yang Mr! and Pei-Jen Chen?, (1)Department of Agricultural Chemistry, National Taiwan University, Taiwan,

(2)National Taiwan University, Taiwan

Endocrine disrupting chemical (EDC)-induced sex disruption in fish is blamed to severely reduce fish populations and cause
critical effects to aquatic ecosystem [1]. However, the molecular mechanisms of chemical induced sex disruption in fish are
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not well-understood yet. Recent studies indicate that late-embryonic to early larval stages are the critical period for gonad
differentiation in medaka (Oryzias latipes). The sex of medaka is basically determined by genotypes (XX/XY) and the critical
sex determination gene, DMY/ dmrtlbY, is located on Y chromosome [2]. Meanwhile, some key genes expressed in the critical
period for gonad differentiation are also identified in medaka. The aim of this research is to investigate the mechanisms of
chemical induced sex disruption in gonad differentiation during late-embryonic to early larval stages of medaka after exposure
to synthetic sex hormones. Candidate genes at early stages are firstly selected by comparing the expression levels in XX and
XY medaka larvae. Next, known EDCs, such as 17a-methyltestosterone (MT), are applied for investigation of the molecular
mechanisms of chemical induced sex disruption in medaka. In addition, we will further discover novel genes by RNA-seq to
depict the molecular mechanisms of chemical induced sex disruption in medaka.

1.07.P-Th047 Is the Japanese Medaka a Reliable Species for Testing Endocrine Disrupting Compounds?

Sylviane Gony?, Ines Conrad? and Giuliana de Araujo?, (1)Eurofins Agroscience Services Regulatory, France, (2)Eurofins
Agroscience Services Regulatory, Spain

The Japanese medaka Oryzias latipes is one of the recommended species in various internationally validated guidelines for the
testing of chemicals to assess fish toxicity, including those developed for identifying the potential of substances for endocrine
disruption (ED). Several of these tests are exclusively conducted with this species (OECD TG 240: Medaka extended one
generation reproduction test - MEOGRT; OECD TG 251: Rapid Androgen Disruption Activity Reporter Assay — RADAR,;
OECD Series on Testing and Assessment GD 379: Juvenile medaka anti-androgen screening assay - JMASA). In the
following, the pros and cons for using the Medaka in ED testing are discussed.

There are various reasons for the popularity of medaka. First of all, it is an easy-to-breed species in laboratory conditions, and
it has been used for so long in testing that all its requirements are well-known and well handled. Moreover, it is small enough
to allow testing on a sufficient number of fish for statistical robustness while being large enough to allow a detailed analysis of
several parameters. The duration of its life cycle with an early sexual maturity at 2-3 months, is compatible with laboratory
experimentation, and results can be expected in a reasonable time. Finally, the species is characterized by easily identifiable
secondary sex characteristics in the male individuals, explaining the interest in this species for ED testing.

Based on such elements, this species could be the perfect choice for conducting testing for the identification of ED compounds,
and that is probably why it is recommended in so many guidelines. Then why could the use of medaka in ED testing be
questioned? The fact is that under some breeding conditions, medaka may undergo sex reversal from female to male without
any exposure to any xenobiotic compound, during early development. The effect of temperature on the potential for sex
reversal has been indeed known for more than a decade and is briefly mentioned in the JMASA guideline introduction. But
more recent papers indicate that other stress factors could also induce sex reversal.

Therefore, since sex reversal can be induced without direct interaction of the tested chemical with an EAS modality, positive
results in tests involving developmental phases such as MEOGRT and JMASA, but also FELS test (OECD 201: Fish early-life
stage toxicity test), and fish full life-cycle test (EPA OPPTS 850.1500) should be considered with care.

1.07.P-Th048 Metabolomics approach to detecting toxicity in Oreochromis niloticus exposed to natural and synthetic
organophosphates

Larissa Souza Passos?, Paloma Nathane Nunes de Freitas?, Alexander Ossanes de Souza?, Mariana de Almeida Torres?,
Eryka Costa de Almeida® and Ernani Pinto?, (1)Center for Nuclear Energy in Agriculture (CENA), University of Sdo Paulo
(USP), Butantd, Brazil, (2)Center for Nuclear Energy in Agriculture (CENA), University of S&o Paulo (USP), Brazil,
(3)School of Pharmaceutical Sciences (FCF), University of S&o Paulo (USP), Brazil

The proliferation of toxic cyanobacteria, caused by the intensification of the eutrophication process, generally coincides with
pesticide pollution, mainly by surface runoff and leaching. Therefore, this study aimed to evaluate the toxicity of the
cyanobacterium Sphaerospermopsis torques-reginae (ITEP-024 strain), which produces a natural organophosphate
(guanitoxin) associated with synthetic organophosphate pesticides in specimens of Oreochromis niloticus. For this, we verified
the exposure of O. niloticus for 96 h to six treatments, being: control group (C), aqueous extract of ITEP-024 250 mg/L (T1),
insecticide malathion 1 mg/L (T2), insecticide trichlorfon 0.5 mg/L (T3), ITEP-024 + malathion (T4), ITEP-024 + trichlorfon
(T5), and ITEP-024 + malathion + trichlorfon (T6). To detect the deleterious effects on fish, we used a global metabolomics
approach with the quantification of primary metabolites by UHPLC-MS/MS. Besides that, an Integrated Biomarker Response -
version 2 (IBRv2) was employed to correlate the response of the metabolites in the treatments to the control group. Thirty-nine
primary metabolites were quantified, including amino acids, nitrogenous bases of DNA, nucleosides, and organic osmolytes.
Among them, 11 showed a down or up-regulation. Proline, glycine, alanine, histidine, serine, aspartate, and guanosine
presented a downregulation, while carnitine, cystine, thymine, and trimethylamine N-oxide (TMAOQ) showed an up-regulation.
The higher IBRv2 values were in the T4 and T2, indicating the most deregulation for both treatments. Amino acid deregulation
may impair vital organism activities, even as changes in thymine levels can affect DNA integrity and gene expression, which
can have several negative consequences for organisms. Furthermore, guanosine has several biological functions, and the
decrease in the content suggests inhibiting the organism's cellular growth activity. In conclusion, this study represents the first
attempt to assess the synergistic interactions between guanitoxin-producing cyanobacteria and insecticides. We indicated that
the combination of malathion and guanitoxin-containing extracts was particularly concerning. Despite the importance of
observing these metabolites in ecotoxicological assessments, there is a need for studies examining their concentrations in fish
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following chemical exposure, indicating the urgency of understanding how these metabolites can be deregulated and how
aquatic animals cope with this damage.

1.07.P-Th049 Nanoplastic-induced toxicity mechanism in intact zebrafish larvae revealed by novel magnetic resonance
method

Bashirova Narmin, Institute of Medical Physics and Biophysics, Leipzig University, Leipzig, Germany Institute of Analytical
Chemistry, Leipzig University, Leipzig, Germany

Considering the ubiquitous presence and enduring nature of plastics globally, exposure to these materials, especially
nanoplastics (NPs), is unavoidable for both humans and animals. Polyethylene terephthalate (PET) is one of the most widely
used plastics. Despite the widespread use of PET in packaging, currently, limited research exists on the bioaccumulation and
toxicity of nanoparticle originating from PET (PET NPs). Moreover, due to lack of appropriate methods, the system-level
understanding of toxicity mechanism of PET NPs is not known. The present study aimed to systematically investigate the
physiological and metabolic effects of PET NPs exposure and to explore the underlying toxicity mechanism. To elucidate
systematic understanding of the toxicity mechanism of PET NPs we utilized state-of-the-art high-resolution magic angle
spinning nuclear magnetic resonance (HRMAS NMR), applied to intact zebrafish (Danio rerio) embryo. Accumulation of PET
NPs in larvae was observed in the liver, brain as well as intestine which coincides with the localization of reactive oxygen
species in this area. HRMAS NMR based metabolic profile of zebrafish coupled with multivariate analysis revealed liver
impairment caused by PET NPs. Targeting of liver by PET NPs was also indicated by an increase in various potential
biomarker of the hepatoxicity. HRMAS NMR spectra also clearly show elevated levels of fatty acids as well as polar head
groups of phospholipids, signifying PET NPs induce disruption of membrane integrity. Furthermore, metabolites associated
with cellular bioenergetics (e.g., glucose, lactate, acetate, ATP and NADH) were significantly affected by PET NPs exposure.
Taken together, our work provides a comprehensive system level insight into the mechanism of PET NPs induced toxicity.

1.07.P-Th050 Neurodevelopmental Effects of Petroleum Exposure on Developing Zebrafish (Danio rerio): Insights into
Sensory-, Motor- and Anxiety- Responses

Alischa Helena Becker?, Bianca Dechent?, Philippe Eschmann?, Constanze Heinzen*, Bettina C. Kirchmaier®, Virginie
Lecaudey*, Jakob Pfefferle®, Henner Hollert' and Sarah Johann?, (1)Evolutionary ecology and environmental toxicology,
Goethe University Frankfurt, Germany, (2)Goethe University Frankfurt, Germany, (3)Department of Molecular and Cellular
Neuroscience, Goethe University Frankfurt, Germany, (4)Department Developmental Biology of Vertebrates, Goethe
University Frankfurt, Germany, (5)Molecular and Cellular Neuroscience, Goethe University Frankfurt, Germany,
(6)Evolutionary Ecology & Environmental Toxicology, Goethe University Frankfurt, Germany

Oil spills cause serious threats to aquatic ecosystems and are very challenging to assess due to the highly complex and unique
composition of oils. Studies demonstrated that developing fish exposed to crude oils were particularly susceptible to adverse
effects at low concentrations, which can have severe consequences for entire populations. In this context, our previous work
showed a structural impairment of the visual system and first indication of developmental neurotoxicity (reduced spontaneous
tail coiling) in oil-exposed zebrafish. However, the impact on other sensory organs such as the lateral line system (LLS) and a
detailed understanding of different neurotoxic pathways remains largely unknown. Hence, the present study aimed to
investigate whether water-accommodated fractions (WAF) of native and chemically dispersed crude oil and chemical
dispersant alone impact 1) the development of the LLS, 2) the motor neuron development, and 3) anxiety-like behavior in
zebrafish embryos. Embryos were exposed to sublethal effect concentrations of WAFs (<ECs) below the threshold for visible
morphological malformations. For posterior LLS assessment, potential apoptotic hair cells and hair cell damage were
quantified using in vivo double-staining with DAPI (nuclei) and DASPEI (mitochondria) at 96 hours post fertilization (hpf).
Using confocal laser scanning microscopy, examination of in vivo embryonic motor development was performed by focusing
on primary mator neurons in a double-transgenic zebrafish line (24-48 hpf), highlighting caudal primary motor neurons
expressing the GFP-bound receptor neuropilin 1a (nrpla:eGFP), in a pan-neuronal reporter background (xla.tubb:DsRed). As
an indicator for anxiety-behavior we studied thigmotaxis in 120 hpf zebrafish assessed by stimulating thigmotactic (wall-
hugging) behavior using an external stressor (sudden darkness). Preliminary results indicated increased thigmotaxis after
petroleum exposure and a trend towards increased relative axonal motor neuron length at 24 hpf after chemically dispersed
crude oil exposure. We expected a higher responsiveness of the hair cells after WAF exposure due to the direct interface with
the surrounding medium. Overall, the present results will help to provide a more holistic profile of neurodevelopmental toxic
effects and potential modes of action after petroleum exposure.

1.07.P-Th051 Neurotoxic effects of antidepressants on zebrafish embryos.

Ines Lacchettit, Giulia Gatti?, Kevin di Domenico3, Walter Cristiano*, Melissa Barra®, Aurora Mancini? and Mario Carere®,
(1)Environmental and Health, Italian Institute of Health (1SS), Italy, (2)Damsa, Italian Institute of Health (ISS), Italy,
(3)Environment and Health, Italian National Institute of Health, Italy, (4)Environment and Health, Italian Institute of Health
(1SS), Italy, (5)Italian Institute of Health (ISS), Italy

Increasing use of Benzodiazepines has been linked to an increase in anxiety and depression cases in the post-pandemic period.
As they are able to avoid the most common purification treatments, it is reasonable to expect an increase of their
concentrations in surface waters. The aim of the study has been to evaluate the ecotoxicological effects of benzodiazepine on
zebrafish model, in particular the research focused on the neurotoxic effects on zebrafish embryos.
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The active substance that has been chosen is alprazolam, a widely used benzodiazepine even among the younger
population. Ecotoxicological data is currently unavailable and the Predicted No Effect Concentrations (PNEC) for fish was
estimated by ECOSAR to be 18 pg/L.

Therefore, in order to obtain more informations, two ecotoxicological tests were applied and compared: the "Fish Embryo
toxicity (FET) test” (OECD 236, 2013) and the neurotoxicity test "Coiling Activity of Tail (CAT) test". Thus, the tests were
conducted at three concentration levels: 25 pg/L, 250 pg/L, and 2500 pg/L. The comparison of the results obtained with the
ecotoxicological test showed that there were no significant acute effects with the FET since the maximum measured value
(25%) was detected for concentrations of 250 ug/L and 2500 pg/L. The increasing trend of concentrations is described by the
effects of sublethality. In particular, the CAT test showed a direct relationship with the concentrations analyzed. In addition,
the effect percentage of the endpoint number of tail beats per minute (one of the three parameters measured with CAT),
showed significantly higher values than the control already at the lowest concentration of alprazolam 25 pg/L .

In conclusion, the present study has shown the neurotoxic effect of alprazolam on zebrafish embryos, in particular the drug has
determined hyperactivity for all the tested concentrations. Finally, it should be noted that the lowest concentration 25 pg/L is
similar to the PNEC value 18 pg/L extrapolated and has determined important effects of neurotoxicity on embryos.

Therefore, more attention should be paid to the monitoring and effect of benzodiazepines in surface waters. Early warning
systems such as CAT are also key and useful tools for detecting the effects of climate change The upcoming harmonisation and
standardization of this method would be necessary due to its potential value in implementing EU guidelines and regulatory
strategies to identify neurotoxic risks in ecosystem.

1.07.P-Th052 Osmotic diuretic exposure blocks aryl phosphate ester-induced pericardial edema in zebrafish embryos
John X Hoang?, Jenna Wiegand?, Zoe Mersman?, David C. Volz'?, Kevin Michalicek! and Nicholas Jimenez?, (1)University of
California Riverside (UC Riverside), (2)Department of Environmental Sciences, University of California Riverside (UC
Riverside)

Pericardial edema (PE) — fluid accumulation within the pericardium — is a frequently observed malformation in zebrafish
embryo-based chemical toxicity screens. We recently found that triphenyl phosphate (TPHP)-induced PE was mitigated by an
increase in the osmolarity of exposure media, suggesting that PE may be driven by a disruption in osmoregulation across the
embryonic epidermis. Therefore, the objective of this study was to investigate whether, similar to TPHP, PE induced by other
structurally related aryl phosphate esters (APES) is dependent on the osmolarity of exposure media. To accomplish this
objective, we first mined the peer-reviewed literature to identify other APEs that 1) induced PE in zebrafish embryos within a
minimum of 3 peer-reviewed publications and 2) demonstrated a statistically significant induction of PE in >60% of the
studies. Based on this meta-analysis, we identified 5 other APEs that caused PE in zebrafish embryos: triisophrophylated
phenyl phosphate (IPP-3), cresyl diphenyl phosphate (CDP), tricresyl phosphate (TMPP), 2-ethylhexyl diphenyl phosphate
(EDHP), and tert-butylphenyl diphenyl phosphate (BPDP). Using TPHP as a positive control and PE as a readout, we
developed concentration-response curves for all 5 APEs based on a static exposure from 24-72 h post-fertilization (hpf). Using
the EC50 concentration (based on PE) for each APE, we then conducted co-exposures with D-Mannitol (an osmotic diuretic)
from 24-72 hpf to determine whether, similar to TPHP, an increase in the osmolarity of exposure media mitigated APE-
induced PE at 72 hpf. Using PE as an endpoint, the approximate EC50s for TPHP, IPP-3, CDP, TMPP, and EDHP were 6.25,
3.125, 3.125, 25, and 100 uM, respectively. Interestingly, similar to our findings with TPHP, co-exposure with D-Mannitol
from 24-72 hpf completely blocked IPP-3- CDP-, TMPP-, and EDHP-induced PE in zebrafish embryos. For BPDP, we are
currently finalizing BPDP-alone and BPDP+D-Mannitol exposures, albeit we expect that D-Mannitol will also block BPDP-
induced PE. Overall, our findings to date suggest that chemically-induced PE may be 1) dependent on the osmolarity of
exposure media and 2) driven by a disruption in osmoregulation across the embryonic epidermis. Therefore, our findings
underscore the need to standardize the osmolarity of exposure media in order to minimize the potential for false
positive/negative hits in zebrafish embryo-based chemical toxicity screens conducted around the world.

1.07.P-Th053 Paired Computer-Assisted Sperm Analysis (CASA) and ATP Quantification Methods to Assess
Reproductive Capacity of Male Mummichog (Fundulus heteroclitus)

Sabine Malik?, Tyler Edward Frankel?, Carys Louise Mitchelmore®, Candice Duncan® and Lance T Yonkos*, (1)University of
Maryland, (2)Earth and Environmental Sciences, University of Mary Washington, (3)Chesapeake Biological Laboratory,
University of Maryland Center for Environmental Science, (4)Environmental Science & Technology, University of Maryland
While many methodologies exist to assess female reproductive competence in aquatic species, there are little to no standard
methods developed for male reproductive health. Though male contribution to offspring success has historically been
considered relatively small, increasing bodies of evidence support that sperm quality can have a lasting influence on the health
of offspring. Current sperm quality characterization methods rely on expensive, specialized equipment that prevent widespread
use of sperm quality assays when conducting reproductive health assessments of a particular system. To counter this, we
developed a field-adaptable sperm motility characterization method able to be conducted with only standard laboratory
equipment, validated using the male mummichog, Fundulus heteroclitus. Most notably, computer-assisted sperm analysis
(CASA) was conducted on sperm from field-collected mummichogs and analyzed using an open-source ImageJ plugin.
Because sperm movement is powered by ATP release, ATP was also quantified in inactivated sperm from the same fish using
a firefly-luciferase ATP microplate assay. These methods were used on sperm from field-collected F. heteroclitus sourced
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from two historically contaminated US rivers (Christina River, DE, USA; Anacostia River, MD, USA) and from a clean
reference location (Wye River, MD, USA). These systems have a history of urban legacy contaminants, including PCBs,
PAHSs, and other chemicals associated with industry. Ten male mummichogs were collected from each site on each river and
their sperm motility recorded in the field for subsequent CASA. Samples for ATP analysis were cryopreserved and taken to the
lab for microplate analysis. Compared against the Wye River reference, all historically impacted sites showed some level of
decreased ATP stores, though this varied substantially between fish at each site. Total motility and movement characteristics
were marginally higher in reference fish than exposed populations and correlated well with ATP quantity, both by sites and
generally by fish. This indicates that in many instances, supplementing traditional CASA with ATP quantification can be
useful for explaining decreased motility, however additional analysis is required to establish if impairment is related to
malformed anatomy rather than inadequate energy stores.

1.07.P-Th054 Modification of the Comet Assay to Assess Sperm DNA Integrity in the Male Mummichog (Fundulus
heteroclitus)

Sabine Malik?, Carys Louise Mitchelmore?, Tyler Edward Frankel®, Candice Duncan® and Lance T Yonkos*, (1)University of
Maryland, (2)Chesapeake Biological Laboratory, University of Maryland Center for Environmental Science, (3)Earth and
Environmental Sciences, University of Mary Washington, (4)Environmental Science & Technology, University of Maryland
As genomics advances in popularity, greater importance in the field of toxicology is placed on DNA integrity in response to
common contaminants. This is particularly true of endocrine disruption research, as abnormal gene expression can disrupt
hormone signaling and other normal processes. While promising and descriptive, these methods are costly and not yet widely
accessible to labs for inclusion in general reproductive health damage assessments. To combat this, the Comet assay (single-
cell gel electrophoresis) done on sperm cells can be used as an informative screening tool to assess for DNA damage in a
particular system using standard laboratory equipment. While traditionally done on blood and liver cells, the Comet assay can
be adapted for sperm cells by decreasing standard unwinding and electrophoresis times. These methods were used on sperm
from field-collected mummichogs (Fundulus heteroclitus) sourced from two historically contaminated US rivers (Christina
River, DE, USA; Anacostia River, MD, USA) and from a clean reference location (Wye River, MD, USA). These locations
have a complex history of industry and legacy contamination, as well as continued urban inputs due to proximity to cities, with
prominent chemical profiles of PAHs, PCBs, and potentially associated contaminants such as zinc. Ten male adults were
collected from each site on each river and their sperm cryopreserved to conduct the Comet assay in the lab. Samples were
stained, imaged, and processed using an open-source Comet scoring software. As compared to the control population, all
historically impacted sites displayed significantly increased levels of DNA damage as measured by tail length and intensity,
tail moment, and % DNA in the tail. Extent of the damage observed also correlated well with the most contaminated sites.
Most severe damage was seen in the PAH-laden Hershey Run site on the Christina River, though the Anacostia had
consistently high levels of damage at the Lower Beaverdam site, as well. While the reference population had little to no
damage in any fish, another site on the Anacostia (Bladensburg) had variable levels of damage, with some severe and some
nearly unimpacted fish. These results indicate the continued relevance and importance of the Comet assay for detecting basic
DNA damage and its usefulness in complement with other sperm quality characterization techniques to fully understand the
scope of damage in a particular system.

1.07.P-Th055 Pharmaceuticals and mixtures in the environment: a review on the use of zebrafish for neurotoxicity
Kevin di Domenico?, Ines Lacchetti', Giulia Cafiero?, Aurora Mancini®, Mario Carere! and Laura Mancini, (1)Environment
and Health, Italian National Institute of Health, Italy, (2)Environmental Risk Assessment, Wageningen University & Research,
Netherlands, (3)Law, Roma Tre University, Italy

The presence of neurotoxic chemical substances in the environment is an issue for both human and environmental health.
Moreover, the interaction between different compounds mixed togheter is also a problem that can generate unpredictable
effects and magnify the toxicity of the single chemicals. In this work we aim to summarise the use of zebrafish (Danio rerio)
as a model for detecting the toxics effects of chemical mixtures. We decided to include in particular all the papers that between
2012 and 2023 focused on neurotoxicity, a widespread Mode of Action for many substances, through a behavioural approach.

This work was articulated in several steps: first, we elaborated a search string, then, we performed the bibliographic research
on Embase. All the papers that resulted from the research were then analysed to determine if they met the criteria for inclusion
in the final paper. All papers included were then summarised, statystical data was extrapolated and the results were reported.

The research, performed in September 2023, initially identified 779 papers that were later reduced to 171 by title and abstract
reading. A screening based on the full-text reading furtherly reduced the final number to 101. All papers included were then
grouped togheter and summarised based on the classes of chemicals involved. A statystical analysis was then performed,
highliting a growing interest for the zebrafish model for this kind of application, a prevalence of short-term exposures and a
balanced use of all developmental stages. This work also shows the use of a wide variety of different assays based on different
senses, on the chemicals used and the developmental stages involved.

In conclusion zebrafish, that has already known a growing use in the biomedical research over the years, is proving to be an
useful tool for the detection of the overall toxicity of simple and complex mixtures. As summarised in this work, there are
numerous possibilities of applications with both zebrafish adults and embryos for neurotoxicity. The use of many different
assays to evaluate the same endpoints however might show the need for a more standardized approach. A more widespread use
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of the early develpomental stages over the adult individuals should also be preferred when possible, in line with the current
“3R” principle of animal experimentation.

1.07.P-Th056 Potential Triggering Effect of BPS for Diabetes by Dietary Condition in Zebrafish

Yuna Kim?, Ah-Reum Jo? and Kyungho Choi?, (1)School of Public Health, Seoul National University, Seoul, Korea, Republic
of, (2)School of Public Health, Seoul National University, Korea, Republic of (South)

The escalating global prevalence of diabetes has been a significant societal and economic concern. Environmental factors,
particularly chemicals suspected to disrupt metabolism, have drawn attention as potential player in the etiology of diabetes.
Bisphenol S (BPS) is suspected as chemical risk factor that may be associated with type 2 diabetes in human populations. This
study employs zebrafish (Danio rerio) as a model organism to elucidate the potential mechanisms by which exposure to BPS
may impact the development of T2D, especially under different dietary conditions.

To this end, 6-8 months old male zebrafish were exposed to two different concentrations of BPS for 14 days, i.e., 0.013mM
(labeled as ‘BH”), and 0.004mM (‘BL’), with different dietary conditions, i.e. normal fat diet with Artemia (labeled as ‘NF’)
group and high fat diet (‘'HF”) group with additional egg yolk powder. Plasma insulin and glucose levels were measured, along
with the transcription of genes involved in diabetes pathway, insulin signaling, and glucose metabolism.

Following exposure, NF+BH group exhibited higher fasting glucose and insulin compared to NF, supporting that bisphenol S
has a potential to develop diabetes in adult zebrafish. Significantly higher glucose was observed in HF+BPS group. This
observation indicates that high fat diet may increase susceptibility of zebrafish to bisphenol S toward development of diabetes.
The genes associated with both the insulin signaling pathway and the diabetes pathway (insra, insrb, pik3ca, irs1) exhibited
general pattern of upregulation when dietary condition changed to more fat or chemical dose increased. Moreover, expression
of genes related to glucose metabolism (g6pca.l, gcgra, gegrb, hk2) was also disrupted, implying potential influence of BPS
on glucose homeostasis.

The results of this study shows possible interaction of dietary condition in the diabetogenic effects of bisphenol S in zebrafish.
Investigation to unravel the role of bisphenol S in etiology of diabetes should include intricate influence of dietary effects.
Further study is warranted to screen similar effects for bisphenol A analogues.

This work was supported by Korea Environmental Industry & Technology Institute (KEITI) through "Core Technology
Development Project for Environmental Diseases Prevention and Management”, funded by Korea Ministry of Environment
(MOE) (RS-2022-KE002173).

1.07.P-Th057 Subcellular effects of an antineoplastic agent and a nanomaterial to zebrafish

Diana Isabel Oliveira Carneiro?, Daniel Alexandre Bruno?, Susana Loureiro?, Roberto Martins® and Maria D Pavlaki?,
(1)University of Aveiro & Centre for Environmental and Marine Studies (CESAM), Portugal, (2)University of Aveiro,
Portugal, (3)CESAM-Centre for Environmental and Marine Studies and Department of Biology, University of Aveiro, Portugal
Emerging contaminants (ECs) ECs interact with various compounds in aquatic environments, posing threats to ecosystems.
Traditional hazard and risk assessment procedures often focus on individual compounds, but in the environment, organisms
face intricate mixtures of stressors, highlighting the need for a comprehensive understanding. ECs, such as antineoplastics
agents (AAs) and engineered nanomaterials (ENMSs), present significant challenges in environmental risk assessment due to
their limited regulation and understudied impacts. AAs, categorized as micropollutants, exhibit cytotoxicity at low
concentrations, posing potential threats to aquatic organisms. Layered double hydroxides (LDHSs) are stimuli-responsive
nanomaterials with diverse applications, including as nanocarriers of drugs like AAs. This highlights the need for a
comprehensive understanding of their combined effects, particularly at the subcellular level. Thus, this study aims to assess the
biochemical and genotoxic joint effects of Mg-Al LDH and epirubicin in Danio rerio.

Danio rerio embryos, a well-established model organism, were exposed to no-effect concentrations of Epirubicin and Mg-Al
LDH, in single and mixture exposures, according to the OECD 236 FET protocol. For the mixture exposure, a full factorial
design was applied. DNA damage (evaluated through the comet assay) was assessed after 96 hours of exposure, while
neurotoxicity and oxidative stress-related biomarkers were examined at the end of the 120-hour exposure period.

Epirubicin induced 15 — 25 % of DNA damage, as determined by the analysis of tail DNA, in zebrafish exposed to
concentrations higher than 132 ug/L. The DNA damage caused by Mg-Al LDH was below 10 %. Epirubicin caused no
neurotoxic or oxidative stress effects on D. rerio larvae at concentrations of up to 670 pg/L. No oxidative stress was observed
after exposure to Mg-Al LDH, but larvae exhibited significant AChE activity inhibition at concentrations above 20 mg/L of
Mg-Al LDH. These findings provide valuable insights of the subcellular effects promoted by mixtures of emerging
compounds, like AAs and ENMs, in aquatic organisms and may assist in their future environmental hazard and risk
assessment.

1.07.P-Th058 The impact of nano-polypropylene accumulation in the brain on behavioral changes in Zebrafish (Danio
rerio)
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Minji Kim* and Sang Don Kim?, (1)Gwangju Institute of Science and Technology (GIST), Korea, Republic of (South),
(2)School of Earth Science and Environmental Engineering, Gwangju Institute of Science and Technology (GIST), Korea,
Republic of (South)

Plastic pollution in the environment has emerged as a new contaminant with potential toxicological impacts on various
organisms. Among them, nanoplastic, which has a small size and high bioavailability, and exist anywhere in the environment,
poses a great threat to the ecosystem. Although research on the toxicity of nanoplastic is actively ongoing, our understanding
remains limited. In this study, toxicity experiments were conducted using directly synthesized nano-polypropylene (PPNPs).
The accumulation of PPNPs in the brina was confirmed, and the neurotoxic effects of accumulated PPNPs were investigated.
Zebrafish (Danio rerio) were chosen as the experimental model due to their genetic and biological similarity to humans and
comparable physiological characteristics with other animal models. Zebrafish exposed to four concentrations of PPNPs under
optimal rearing conditions were used for analysis. The presence of PPNPs in the zebrafish brain was confirmed through
pyrolysis gas chromatography-mass spectrometry and bio-transmission electron microscope. Behavioral monitoring assessed
mobility and aggression, while enzyme levels of neurotransmitters and neural activity were measured. The accumulation of
PPNPs in the brain, verified by TEM micrography, led to neurotoxicity, resulting in reduced mobility and aggressiveness.
Changes in neurotransmitter levels and neural activity, associated with behavior further supported these findings. In
conclusion, this study suggests that environmental plastic pollution can induce neurotoxicity in organisms, emphasizes the
need for appropriate management of these materials.

1.07.P-Th059 Toxicity assessments of benzophenone-related derivatives in medaka fish

Pei-Jen Chen! and Chan-Hao Hsu Mr?, (1)National Taiwan University, Taiwan, (2)Department of Agricultural Chemistry,
National Taiwan University, Taiwan

Benzophenones (BPS) are a category of chemicals with similar structures, commonly used as UV filters (e.g., BP itself and
BP1-BP12) in personal care products such as sunscreens, skincare products, and body washes. Other BP-derivatives are often
used as photoinitiators, binders, or additives in printing inks of food contact materials. Studies have shown frequent occurrence
of certain BPs (as UV filters) in various environmental matrices and organisms. In particular, BP3 increases coral bleaching
rates and exhibits estrogenic activity in aquatic life. However, much less studies report on ecotoxicity of 10 BP-derivatives.
This study aims to analyze in vivo toxic effects of specific BPs-derivatives on medaka (Oryzias latipes) fish. The LC50 value
from 96 hr-acute mortality of 7-day post hatching medaka larvae showed that DEAB was the most toxic compound and BP
was the least toxic compound. With the 7 day-sublethal exposure, 4PBP and DEAB dose dependently increased larval mobility
and oxidative stress responses at tested concentrations. We will further investigate the toxic mechanism of 4PBP and DEAB in
medaka fish regarding fish behavior under environmentally relevant exposure conditions.

1.07.P-Th060 Transcriptomic alterations caused by progestogens during early zebrafish development

Liliya Sokalchuk Sokalchuk?, Pol Broto?, Albert Menéndez-Pedriza!, Paula Medina®, Noelia Diaz®, Mercedes Blazquez®,
Joaquim Jaumot! and Laia Navarro-Martin?, (1)Environmental Chemistry, Institute for Environmental Assessment and Water
Research, Spanish Research Council (IDAEA-CSIC), Spain, (2)Chemical Engineering and Analytical Chemistry, University of
Barcelona, Spain, (3)Institute of Marine Sciences, Spanish National Research Council (ICM-CSIC), Spain

Evidence has shown that endocrine disruption chemicals (EDCs) can alter reproductive aspects in fish. These alterations affect
their reproductive status, putting the continuity of the populations at risk and impacting biodiversity conservation. In the past
decades, the effects of EDCs on fish reproduction have been the focus of increasing research. However, only a few studies
have addressed their effects before pubertal onset and little is known about their precise mode of action. Synthetic
progestagens and their derivatives, widely used for pregnancy maintenance in humans or as growth promoters in livestock,
have proven ecotoxicological effects and appear as those with the highest environmental concern after synthetic estrogens such
as ethinyl estradiol (EE2). It is well known that progestagens have a direct effect on the onset of meiosis and are considered
key players in this process, however, the molecular mechanism by which they can alter puberty in fish still remains elusive.
The purpose of our study was to determine the effects of progestagens, previously shown to alter steroidogenic genes at early
zebrafish development stages, at the transcriptome and lipidome levels. Based on already published studies we first exposed
embryos to 0.6 nM of progesterone (P4), levonorgestrel (LNG), and mifepristone (RU486) from 0 to 5 days post-fertilization
(dpf). Results from RNA sequencing showed that exposure to this concentration did not provoke major alterations in the
transcriptomic profile of fish. Therefore, a second exposure following a dose-response approach was performed exposing
embryos to 0.2 nM - 16.2 nM of progesterone (P4), levonorgestrel (LNG), and mifepristone (RU486) from 0 to 5 days post-
fertilization. At present, we are characterizing the transcriptomic response of embryos exposed to the progestogens by real-
time RT-PCR. In the near future, we aim to perform lipidomic analysis by an untargeted liquid chromatography-high
resolution mass spectrometry (LC-HRMS). Consecutively, we aim to study the long-term consequences of exposure to
progestins during early development (0-5 dpf) by performing transcriptomic and lipidomic analyses in juvenile zebrafish to a
better understanding of the modes of action of progestins, which leads to better protection of environmental health. The
research leading to these results has received funding from the Spanish Ministry of Science and Innovation
MCIN/AEI/10.13039/501100011033 (Grant PID2021-1229290B-C33).

1.07.P-Th061 Translocation and Toxicity of Additional Chemical Substances in Expanded Polystyrene Microplastics on
Black Rockfish Sebastes schlegeli

Kwang-Min Choi?, Seong Hee Mun?, Dongju Shin' and Jee hyun Jung?, (1)Korea Institute of Ocean Science and Technology
(KIOST), Korea, Republic of (South), (2)Korea Institute of Ocean Science and Technology (KIOST), Yeongdo-gu, Korea,
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Republic of

Expanded polystyrene (EPS) has been manufactured by adding hexabromocyclododecane (HBCD), an organic flame retardant,
but has been regulated due to the harmfulness and environmental problems caused by HBCD. However, numerous fragments
originating from EPS products manufactured and recycled in the past are ubiquitous in the marine environment, and this study
confirmed the biological effects of EPS-derived large MP (EPS-LMP) and added HBCD on black rockfish (Sebastes
schlegeli), a commercially important fish species widely distributed along the coast of the South Korea. EPS-MP was made of
4.5 mm beads and 2 mm fragments and administered orally using gelatin capsules to determine toxic effects after 4 and 7 days.
As a result, no deaths occurred during the 7 days of exposure, and no effects on growth were confirmed, but EPS-MP still
existed in the gastrointestinal tract. Intrahepatic HBCD was detected in a concentration-dependent manner, and negative effects
on cytotoxicity on leukocytes and intrahepatocyte toxicity indicators were confirmed in groups exposed to 100 mg of LMP.
The exposure response and toxicity mechanism of black rockfish according to changes in size or concentration of EPS-LMP
were verified through a multi-omics approach that analyzed transcriptome and metabolic changes. Our findings highlight the
importance of the toxic effects of translocated MP in resident species in understanding the toxic effects through microplastic
contamination.

1.07.P-Th062 Zebrafish as a Model for Screening Chemicals Linked to Preeclampsia Induction

Inhye Lee!, Kyungho Choi?, Kyunghee Ji® and Jeon Hyelyn?*, (1)Occupational and Environmental Health, Seoul National
University, Seoul, Korea, Republic of, (2)School of Public Health, Seoul National University, Korea, Republic of (South),
(3)Yong In University, Korea, Republic of (South), (4)Occupational and Environmental Health, Yong In University, Korea,
Republic of (South)

Preeclampsia is one of the pregnancy-related diseases accompanied by hypertension and proteinuria. In cases of early onset or
severity, preeclampsia can lead to adverse outcomes such as premature placental abruption, miscarriage, and fetal death.
Research on the etiology and adverse outcome pathways (AOPs) of pregnancy-related diseases is essential to prepare for the
health of future generations and establish a precision public health. In this study, we explored the usefulness of zebrafish as an
animal model to screen for chemicals associated with preeclampsia induction. A literature review was performed to identify
AOPs in preeclampsia and to investigate molecular initiating events (MIEs) and key events (KEs). Among these, we explored
biomarkers available in zebrafish, focusing soluble fms-like tyrosine kinase-1 (sFLT-1), soluble endoglin (sEng), vascular
endothelial growth factor (VEGF), placental growth factor (PIGF), and transforming growth factor-p (T GF-f), which are used
as angiogenic indicators, and investigated existing studies related to exposure to environmental pollutnants. Preeclampsia is
estimated to have heritability of approximately 55%, and is caused by imbalanced maternal nutritional status, lack of vitamins
and minerals, and exposure to environmental pollutants (e.g., cadmium, bisphenol A, phthalates, flame retardants, and
perfluorinated compounds). Impaired trophoblast invasion and spiral artery remodeling, placental ischemia and hypoxia, and
changes in the renin-angiotensin-aldosterone system (RAAS) were identified as the MIEs and KEs of preecalmpsia. Although
zebrafish does not have a placenta, they express genes and proteins (e.g., vegfa, sflt-1, and eng) related to the mechanism of
preeclampsia. The results of this study indicate that zebrafish possesses genes and proteins related to the preeclampsia, and can
be used as an animal model to screen for chemicals related to causing preeclampsia.

Acknowledgement: This work was supported by Korea Environmental Industry & Technology Institute (KEITI) through “Core
Technology Development Project for Environmental Diseases Prevention and Management”, funded by Korea Ministry of
Environment (MOE) (RS-2022-KE002173).

Keywords: adverse outcome pathway, angiogenesis, biomarker, preeclampsia, zebrafish

1.07.P-Th063 Effects of Differently Aged Tire-Wear Particle Suspensions on Danio rerio

Cétia Venancio®, Alexandra Savuca?, Alexandru Chelaru?, Joao Pinto da Costa®, Teresa Rocha-Santos* and Isabel Lopes?,
(1)Department of Biology, CESAM - Centre for Environmental and Marine Studies and Department of Biology, University of
Aveiro, Portugal, (2)University of lasi, (3)University of Aveiro & Centre for Environmental and Marine Studies (CESAM),
Portugal, (4)Chemistry, Centre for Environmental and Marine Studies (CESAM) and Department of Biology, University of
Aveiro, Portugal

Tire wear particles (TWP) are formed when friction occurs between tires and the road surface. Adding to the physical damage
that these TWP may cause to organisms, a simultaneous toxicity may be induced by the chemical compounds that constitute
the TWP and are released over time into the environment. Thus, this study aimed to evaluate the toxicity of a TWP suspension
at environmentally relevant concentrations (between 0.5 and 512 mg TWP/L), considering three ageing stages of the
suspension: immediately after preparation, 7, and 30 days after preparation (0dA, 7dA, and 30dA, respectively), using Danio
rerio as a model species. Due to the homology between this model and humans, inferences can also be made about the
potential effects that TWP can cause in humans. The 96-h Fish Embryo Toxicity (FET) assays followed the OECD guideline
236 (OECD, 2013) using two life stage stages (embryos and post-hatching larvae) to determine potential different routes of
uptake due to the occurrence of key events prior and post-hatching, such as eye and retina formation (in embryos) and
protruding mouth development in larvae. Mortality and malformations, in addition to the determination of the heartbeat rate
(HBR), total and interocular length (TL and IL, respectively), swim bladder area (SBA), and behaviour (total swim distance
and time) were registered.

SETAC Europe 34" Annual Meeting 93



No significant mortality and malformations were registered in all assays with embryos and larvae (>10%). In embryos, HBR
presented a pattern of tachycardia between concentrations of 0.5 and 8 mg TWP/L, whilst a pattern of bradycardia at higher
concentrations (<32 mg TWP/L), for all ageing stages. The IL was significantly higher (p<0.05) in organisms exposed to tire
wear particles concentrations equal to or higher than 8 mg/L in a non-aged particle suspension, whilst significantly higher in
organisms exposed at the concentrations 0.5, 2, and 8 mg/L of a tire wear particle suspension aged for 7 days, with effects
tending to disappear over time. In the post-hatching larvae, SBA decreased significantly (p<0.05) at all tested concentrations
(except 0.5 mg TWP/L) compared to the control_OdA. The activity time of larvae from the embryo assay was close to zero.
The results obtained highlight that further studies are needed to increase knowledge on TWP effects on understanding the
impact that this type of particulate may have on ecosystems and, ultimately, human health.

1.08.P In Silico Ecotoxicology: Using Existing and Emerging Data to Characterize Chemical Impacts from Individuals
to Ecosystems

1.08.P-M0049 Assessing Chronic Effects of Chemical Pollution on Biodiversity Using Mean Species Abundance
Relationships

Venja Sandrine Anna Margit Schoenke?, Jiagi Wang, MSc?, Paul van den Brink? and Jan A.J. Hendriks?, (1)Radboud
University Nijmegen, Netherlands, (2)Wageningen University & Research (WUR), Netherlands

Chemical pollution is a persistent threat to freshwater ecosystems and biodiversity. The long-term impact of chemical
pollutants on our natural environments is a growing challenge requiring innovative methodologies to understand better and
address the ecological risks associated with such pollutants. This research addresses the need for a predictive assessment of the
long-term impacts of chemical pollution on biodiversity. We utilized the Mean Species Abundance Relationships (MSAR)
methodology as a biodiversity measurement tool. This approach can provide the Mean Species Abundance as a function over
the concentration of a chemical, allowing the interpretation of the impact of a chemical on biodiversity. This study aims to
provide a tool to predict chronic Mean Species Abundance Relationships based on acute values.

The longer the exposure to a chemical, the less concentration is needed to result in a lethal effect. The resulting time-
dependency can be described with the median Lethal Concentration (LC50). This method is based on the Critical Body
Residue concept and, more precisely, the Lethal Body Burden approach and can be extended to other LC50-based tools. By
fitting acute LC50 values to the time-dependent equation, LC50 values for any time point can be estimated and used to derive
the Mean Species Abundance Relationships. Data from a case study with six freshwater arthropods exposed to imidacloprid
was used to test the methodology for two different time points (days 21 and 28). Additionally, it was tested if chronic data is
necessary to obtain a reasonable fit or if acute data is enough by including chronic values in the fitting up to the time point to
be predicted. The chronic data was then used to validate the LC50 fits and MSAR.

For predicting LC50 values, the model overestimates the acute toxicity and underestimates the chronic toxicity of imidacloprid
for certain species. This can be caused by the biotransformation of imidacloprid to the likewise toxic imidacloprid-olefin.
However, the estimations of the chronic Mean Species Abundance Relationships are similar to the measured chronic MSAR. If
only acute data were used for the estimation, the mean difference in Mean Species Abundance (MSA) between the prediction
and the fitted MSAR is 6%. If chronic data was included, this difference lowered to 3% for day 21 and 2% for day 28.

1.08.P-M0050 Integrating Time-Resolved Gene-Expression Data into TKTD Models to Approximate Toxicodynamic
Damage

Florian Schunck?, Bernhard Kodritsch?, Wibke Busch? and Andreas Focks?, (1)Institute of Mathematics, Osnabriick
University, Germany, (2)Helmholtz Centre for Environmental Research (UFZ), Germany

The immense productivity of the chemical industry requires an improved predictive risk assessment that can handle constantly
evolving challenges. Integrating OMICs data into mechanistic models offers a promising solution by linking cellular processes
triggered after chemical exposure with observed effects in the organism. The envisioned outcome of such approaches is the
prediction of chemical effects for untested species—substance combinations and mixtures based on molecular data. However,
its success hinges on the quantitative description of the temporal dynamics of molecular markers in response to chemical
exposure.

The transcription factor nuclear factor erythroid 2-related factor 2 (Nrf2) has been identified as a master regulator of the
detoxification process and is tightly linked to chemical and oxidative stress in organisms. This makes Nrf2 an optimal
candidate for approximating the dynamic damage state in toxicokinetic-toxicodynamic (TKTD) models, thereby enabling the
integration of OMICs data into mechanistic models.

In this work, we develop and apply a biologically anchored TKTD model, which describes the key processes in the Nrf2
signalling pathway, linking the gene expression level of nrf2 to detoxification and lethality. The model was fitted on time
series of internal concentrations, nrf2 gene-expression and lethality observed in zebrafish embryos exposed to diuron,
diclofenac, and naproxen in over 200 experiments, using a Bayesian approach.
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Nrf2-expression proved to be a reliable predictor of lethality for naproxen and diuron, accurately predicting lethality even in
data-limited concentration ranges. In contrast, nrf2-expression was no good predictor for lethality under diclofenac exposure,
possibly due to a differential expression pathway. By using nrf2 as a predictor for lethality, highly similar lethality-related
model parameters were obtained for different chemicals, opening the door for cross-substance extrapolation.

This study shows that nrf2, as a master regulator of the chemical and oxidative stress response, can serve as a proxy for
lethality after exposure to different substances. Our findings highlight the advantage of the OMICs-TKTD integration in
discerning stress response pathways based on the temporal dynamics in the molecular stress response. Finally, the work
demonstrates the feasibility of integrating dynamic OMICs data into established TKTD models for approaching the goal of
quantitative toxicity prediction across compounds.

1.08.P-M0051 Forwarding maturation of Species Sensitivity Distributions using Machine Learning

Pim Wassenaar, Willie Peijnenburg, Jaap Slootweg and Leo Posthuma, National Institute for Public Health and the
Environment (RIVM), Netherlands

The characterization of impacts of chemical pollution in ecosystems is amongst others performed by a combination of
exposure data with insights from Species Sensitivity Distributions (SSDs). SSDs are the statistical description of patterns in
observed ecotoxicity endpoint metrics, such as NOECs, EC50s and LC50s. Despite the versatile application of this approach,
we do not fully use available collections of ecotoxicity data to generate SSDs. This presentation ventures into a Machine
Learning (ML) based additional approach to the derivation of SSDs from currently available data, and presents a suite of high-
utility applications of outcomes of such SSDs derived by ML.

SSD models have different uses, classically ranging from the earliest uses in the derivation of protective, regulatory
environmental quality standards and the characterization of the degree of harm causes by unintended ambient mixtures.
Environmental concerns have resulted in vast collections of ecotoxicity test data, such as ECOTOX and REACH-database.
Despite the wealth of information on chemical hazards there are still severe data gaps for many chemicals and the already
available data has not yet been extensively used to identify the sensitivity patterns regarding chemicals and species in the
broadest sense of the word. In our innovative versatile approach, we investigate the hidden patterns in these available
ecotoxicity data sources and how these patterns can be applied to a wide variety of use cases. For this purpose, we use Machine
Learning (ML) in the heart of the employed methods, to address, and potentially solve, the issue of data gaps. Particularly, the
current data gaps are hampering the ecotoxicity assessments and are amongst the most pressing problems that limit the
practical use of techniques such as Safe and Sustainable by Design.

Here, we aim to present the outputs of some example analyses, with the aim to highlight how we can derive SSDs based on
both measured and ML-predicted ecotoxicity metrics. We show not only that we can derive SSDs for vastly more compounds
based on existing data and underlying patterns, but also how those SSDs can be employed for at least three main purposes in
environmental protection, assessment and management. We also show whether, how and to which extent the newly derived
SSDs can be trusted as tools for practical purposes.

The authors thank Markus Viljanen and all others that work within or contribute to the the related projects at the RIVM

1.08.P-M0052 The Effects of Pollution and Foraging Adaptation on the Stability of Ecological Communities

Constanza Vega-Olivares?, Andreu Rico®?, Rodrigo Ramos-Jiliberto® and Pablo Moisset de Espanés®, (1)Cavanilles Institute
of Biodiversity and Evolutionary Biology, University of Valencia, Spain, (2)IMDEA Water Institute, Spain, (3)GEMA Center
for Genomics, Ecology, and Environment, Universidad Mayor, Chile, (4)Centro de Biotecnologia y Bioingenieria, Universidad
de Chile, Chile

The relationship between the adaptive responses of predators and the stability of communities has been previously analyzed
only considering pristine environments, even though many ecological systems are exposed to pollutants, among other
disturbances. Many pollutants tend to accumulate in the tissues of organisms, resulting in species present in trophic webs not
only transmitting their effects among themselves, but also transmitting the pollutants through their trophic interactions. In this
context, adaptive behavior, considered in this study as changes in prey preference, can inhibit pollutant transport through
trophic networks without completely limiting biomass flow. In this study, the effectiveness of adaptive responses of predators
in promoting the persistence and diversity of species in trophic networks subjected to stress from a bioaccumulative pollutant
was evaluated. A community model based on the bioenergetic model was used, where the effects of the network topology
(species richness and connectance), the pollutant concentration and the adaptive behavior over the species persistence and
Shannon-Wiener diversity index were distinguished. In this work it was shown that adaptive behavior promotes species
persistence and diversity in communities subject to stress from a bioaccumulative pollutant. Therefore, the adaptive responses
of predators have a beneficial role on the stability of communities affected by bioaccumulative pollutants.

1.08.P-M0053 Vitamin K 2,3-epoxide reductase molecular identity range the binding affinities to anticoagulant
rodenticides of Rodentia

Azucena Bermejo-Nogales, Noelia Marin-Prat and David Hernandez-Moreno, Institute for Agricultural and Food Research
and Technology, Spanish National Research Council (INIA-CSIC), Spain
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Rodents are notorious for being one of the pests with the greatest impact on agricultural production and public health.
Anticoagulant rodenticides (ARs) are commonly used to control rodent populations by inhibiting the vitamin K 2,3-epoxide
reductase (VKORC1) enzyme, which leads to internal haemorrhages and finally death of the animal. Docking analysis
previously demonstrated that human VKORCL variation is associated to anticoagulant resistance and affects binding interfaces
(2). In rodents, research has been focused on the main pest species, such as the mouse, black rat, and grey rat. However, little is
known about the influence of AR in other rodent species, despite the importance of this phylum in wild and agro-ecosystems.
The hypothesis of this work is that rodent phylogenetic and structural differences among VKORC1 sequences do not range the
binding properties of AR. To test this null hypothesis, we searched for complete VKORC1 sequences of different rodents in
public databases and characterized the binding predictions by computational analysis. Rodentia phylum has differential
sensititivity to second generation AR depending on species and families. The range of Rodentia sensitivity was (from highest
to lowest) flocoumafen, difenacoum, brodifacoum, bromadiolone and difethialone. Long-tailed chinchilla is the most sensitive
rodent to flocoumafen, difenacoum and brodifacoum, which bind very strongly to its enzyme (13 Kcal/mol). Guinea pig and
Lesser Egyptian jerboa were also very sensitive to flocoumafen and difenacoum as binding affinities were above 12 Kcal/mol.
Difenacum has binding affinities higher than 14 Kcal/mol in two Muridae and one Cricetidae. Among Cricetidae family,
European snow vole had binding affinities higher than 14 Kcal/mol to brodifacoum. Specific sensitivities could be used to
either control populations in case of rodent pests or to forbid the use of AR in ecosystems with protected species. The present
work is a powerful in silico tool for pest control companies and biocides regulatory agencies.

1.08.P-Mo0054 Using Comparative Genomics to Develop ‘Digital Twins’ to Support Ecotoxicological Predictions
Rama Krishnan?, David Spurgeon?, Stephen James Short3, Bruno Campos*, Claudia Rivetti*, Claire Peart Dr® and Peter
Kille!, (1)Cardiff University, United Kingdom, (2)UK Centre for Ecology & Hydrology (UKCEH), United Kingdom,
(3)Pollution, UK Centre for Ecology & Hydrology (UKCEH), United Kingdom, (4)Unilever - Safety and Environmental
Assurance Centre (SEAC), United Kingdom, (5)Safety and Environmental Assurance Centre (SEAC), Unilever, United
Kingdom

Our rapidly changing world is placing ecosystems under unprecedented pressure, including exposure to a wide range of
chemical toxicants. Given the limited ability to test the impact of these toxicants across all species, it becomes crucial to
unravel the intricate biological cascades that influence how different non-model organisms respond to such pollutants. By
generating in silico representations of organisms and harnessing genomic data, this project seeks to reveal key characteristics
underlying comparative ecotoxicological responses. From this we can predict species sensitivities to different toxicants,
thereby protecting species critical for ecosystem processes or of high conservation value. We have developed an automated
pipeline to streamline the process of quality assessment, pre-processing, de novo assembly, and annotation of publicly
available transcriptomic data. This pipeline is optimised to operate within a Slurm-based system designed for high-
performance computing (HPC) infrastructures and will be made available via GitHub. The transcriptome annotations are
mapped to enzymes underpinning phase | metabolism to provide evidence to support relative Toxicokinetics (TK) and onto
Adverse Outcome Pathways (AOPSs), focusing on Molecular Initiating Events (MIE) and Key Events (KE) identified in
eukaryotic organisms, to provide mechanistic insight into comparative Toxicodynamics (TD).

The pipeline has been deployed and evaluated against a diverse array of organisms to investigate the impact of laboratory vs
wild population (Enchytraeus albidus), to compare de novo transcriptome vs genome (Acyrthosiphon pisum vs Aphis fabae)
and to investigate organisms with large genomes with known transcript redundancy (Porcellio scaber — genome size ~5.7
Gbp). To augment this methodology, we are developing pipelines for analysing target receptor ortholog conservation across
different species alongside applying de novo-based molecular docking techniques in evaluating receptor-ligand interactions.
Further, we aim to transition these pipelines to a Nextflow framework to offer improved efficiency across heterogeneous HPC
hardware. In conclusion, this study will develop a comprehensive automated data platform incorporating aspects of TK and TD
and use mechanistically informed approaches to support AOP-based species sensitivities distributions (SSD) predictions.

1.08.P-M0055 ADORE is for Lovers: A Benchmark Dataset for Machine Learning in Ecotoxicology

Christoph Schuer?, Lilian Gasser?, Fernando Perez-Cruz?, Marco Baity-Jesi® and Kristin Schirmer?, (1)Environmental
Toxicology, Swiss Federal Institute of Aquatic Science and Technology (Eawag), Switzerland, (2)Swiss Data Science Center,
Switzerland, (3)Siam, Swiss Federal Institute of Aquatic Science and Technology (Eawag), Switzerland

The use of machine learning for predicting ecotoxicological outcomes is promising, but underutilized. The curation of data
with informative features requires both expertise in machine learning as well as a strong biological and ecotoxicological
background, which we consider a barrier of entry for this kind of research. Additionally, model performances can only be
compared across studies when the same dataset, cleaning, and splittings were used. Therefore, we provide ADORE, an
extensive and well-described dataset on acute aquatic toxicity in three relevant taxonomic groups (fish, crustaceans, and algae).
The core dataset describes ecotoxicological experiments and is expanded with phylogenetic and species-specific data on the
species as well as chemical properties and molecular representations. The dataset spans Apart from challenging other
researchers to try and achieve the best model performances across the whole dataset, we propose specific relevant challenges
on subsets of the data and include datasets and splittings corresponding to each of these challenges as well as in-depth
characterization and discussion of train-test splitting approaches and their relevance for this use-case.

1.08.P-M0056 Identifying Molecular Endpoints to Assess the Biological Response of Contaminant of Emerging Concern
in Marine Mammals: an In Silico Approach
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Antonino Vincenzo Alessi?, Giacomo Limonta?, Cristina Panti? and Maria Cristina Fossi?, (1)University of Siena, Italy,
(2)Department of Physical Sciences, Earth and Environment, University of Siena, Italy

Due to their ecology marine mammals accumulate some of the highest levels of environmental contaminants of all wildlife.
Contaminants of emerging concern (CECs) enter the environment from various anthropogenic sources and are distributed
throughout environmental matrices. They have been detected in water at concentrations significantly higher than expected and
their risk to human and environmental health may not be fully understood yet. CECs comprise a vast array of contaminants:
pharmaceuticals such as personal care products (PPCPs), nonsteroidal anti-inflammatory drugs (NSAIDs), cardiovascular
system drug (CVSD), steroidal hormones and antibiotics; Endocrine Disrupting Chemicals (EDCs) such as bisphenol A

(BPA) phthalate esters, perfluoroalkyl and polyfluoroalkyl substances (PFAS) which are commonly spread in marine
organisms ranging from benthic invertebrates up to top predators. The toxicological data of emerging contaminants on marine
mammals is still scarce for several compounds and the toxicological impact of these contaminants needs further assessment.

In silico models are a promising alternative to in vitro and in vivo methods to predict the toxicological effects of chemicals on
mammalian model organisms (e.g. rat, human). These approaches continue to grow in capability and applicability to predictive
toxicology. Numerous databases such as ChEMBL, EMBL-EBI and ECOTOX could be used as a comprehensive knowledge
base providing data on the environmental toxicity of these chemicals on aquatic and terrestrial species. The aim of this study
was to utilize in silico approaches such as Similarity Ensemble Approach (SEA), SwissADME and admetSAR, which are some
of the most used in silico tools, in conjunction with literature research to identify specific endpoints strengthening our
knowledge and our understanding of the biological effect of the CECs. The identified endpoints will be tested ex vivo (e.g.
tissues/biopsies) on charismatic species such as: Balaenoptera physalus, Stenella coeruleoalba using Digital PCR assay
(ddPCR).

1.08.P-M0057 Developing an Ecosystem-Level Assessment Framework for Ecological Impacts of Accidental Chemical
Exposure in Korean Freshwater: A Simulation-Based Approach Using the AQUATOX Model

Jaehoon Yeom?! and Sang Don Kim?, (1)Gwangju Institute of Science and Technology (GIST), Korea, Republic of (South),
(2)School of Earth Science and Environmental Engineering, Gwangju Institute of Science and Technology (GIST), Korea,
Republic of (South)

Recent ecological risk assessments (ERAs) encompass evaluations from the cellular to ecosystem levels. However, higher-
level assessments, particularly at the ecosystem level, are often resource-intensive in terms of labor, cost, and time.
Consequently, ecologists and environmental assessors are increasingly turning to modeling approaches. The United States
Environmental Protection Agency (US EPA) has developed the AQUATOX model, an ecosystem-level risk assessment model
designed to evaluate the effects of disturbances on freshwater environments, including chemical exposure, environmental
changes, and ecological disruptions.

This study aims to conduct AQUATOX simulations and develop a library specifically tailored to the Korean freshwater
system, with a focus on simulating the effects of phenol exposure. The target region for this study is the rivers in Korea. The
Korean Ministry of Environment routinely investigates the ecological composition, phenol concentrations, and water quality of
freshwater systems, periodically publishing the findings on the Water Environment Information System (WEIS,
http://water.nier.go.kr/web). The model system is constructed using a substantial dataset of ecological information gathered
from Korean rivers, considering the analyzed interactions between organisms in the food web of Korean freshwater and the
ecological characteristics of domestic species in Korean rivers.

Monitored data covering the period from 2008 to 2020 from the WEIS system is utilized in model construction. The resulting
model system and built library are validated using ecological monitoring data from regions exposed to phenol. The outcomes
of this study will contribute to the development of a chemical assessment system for Korean rivers, utilizing an ecological
model approach.

This work was supported by Korea Environment Industry & Technology Institute (KEITI) through Advanced Technology
Development Project for Predicting and Preventing Chemical Accidents Project, funded by Korea Ministry of Environment
(MOE) (2022003620001).

1.08.P-M0058 Derivation of environmental quality standards for free cyanide in freshwater and marine surface waters
by species sensitivity distribution including censored data

Stan de Groot?, Tom Aldenberg, Els Smit!, Eric Verbruggen?, Michiel Kraak® and P.L.A. van Vlaardingen?, (1)National
Institute for Public Health and the Environment (RIVM), Netherlands, (2)Sciencepark 904, University of Amsterdam (UVA),
Netherlands

The currently available Dutch environmental quality standards (EQSSs) for free cyanide and cyanide complexes are regularly
debated and considered to be outdated. Hence, there is an urgent need to update the EQSs for cyanide. The aim of the present
study was therefore to derive new maximum acceptable concentrations (MAC) and annual average (AA) EQSs for free
cyanide, following the 2018 version of the Technical Guidance for Deriving Environmental Quality Standards of the Water
Framework Directive (WFD). To this end, ecotoxicity data were collected from previous national and international EQS
derivations, supplemented with a literature search to gather additional ecotoxicity data generated since the publication of these
reports. All collected ecotoxicity data were evaluated for reliability and compliance with strict standards, such as analytical
verification. Data considered reliable were used for the derivation of the EQS values. The pooled freshwater and marine, acute
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ecotoxicity data set consisted of reliable results for 35 species, distributed over 8 taxonomic groups. The pooled chronic
ecotoxicity data set consisted of results for 13 species, distributed over 7 taxonomic groups. As both the acute and chronic
dataset met the WFD criteria for deriving a species sensitivity distribution (SSD), a probabilistic approach was taken.
However, the datasets include several censored data which are traditionally excluded when deriving an SSD. In the present
paper, we present a solution for the censored data points using the R-package ETX 3.0-132, that provides functionality for
fitting univariate SSD-related distributions to possibly censored toxicity data using a Bayesian simulation technique. The HC5
values derived from these acute and chronic SSDs were 17 and 0.66 g CN-/L, respectively. Applying a default assessment
factor of 10 to the HC5 from the acute SSD resulted in a MAC-EQS of 1.7 ug CN-/L for both freshwater and marine surface
water. Applying assessment factors of 3 and 5 to the HC5 of the chronic SSD resulted in AA-EQSs of 0.22 ug CN-/L for
freshwater and 0.044 pug CN-/L for marine surface waters, respectively. These MAC-EQS and AA-EQS values are generally in
line with derivations by other (inter)national water authorities, but the present environmental quality standards have been
derived in full accordance with the WFD guidance, using only reliable data and including censored values.

1.08.P-M0059 Developing a Database for Comprehensive Assessment of Fish Reproductive Toxicity

Vid Modic Modic?, Roman Li?3, Stephan Fischer®, Katharina Klotz3, Kristin Schirmer?* and Anze Zupanic*, (1)Department of
biotechnology and systems biology, NIB, National Institute of Biology, Slovenia, (2)Environmental Toxicology, Swiss Federal
Institute of Aquatic Science and Technology (Eawag), Switzerland, (3)aQuaTox-Solutions GmbH, Switzerland,
(4)Environmental Systems Science, ETH Zurich, Switzerland

Traditional animal-based risk assessment of chemicals is struggling with the demands of 21% century safe and sustainable
chemical development. In the project SAFE: Innovative Safety Assessment of Fish Adverse Effects, we are working to replace
some of the costliest and most time-consuming tests in environmental toxicology - reproductive toxicity of chemicals to fish.
Our approach incorporates computational (knowledge networks, machine learning) and experimental methods (molecular and
cellular assays using permanent fish cell cultures). One of the main challenges of the development of such alternative tests is
training the model and evaluating it against animal tests. The main reason being that it is expensive (and ethically problematic)
to produce high quality in vivo validation data, while existing data are challenging to come by and sometimes difficult to
interpret. This is why the very first step in our project was to collect and curate all available in vivo fish reproductive studies,
especially those reporting reproductive endpoints and gene expression.

We collected fish reproductive toxicity data from EnviroTox (HESI) and EcoTox (US EPA) databases, the Gene Expression
Omnibus (NCBI) and systematic literature reviews. When combining the gathered data into a unified database, we encountered
several challenges: reproductive endpoints reported under non-standardized names, data reported across multiple publications,
use of non-standard units, use of different statistical measures (LOECs, NOECs, ECs), missing metadata and data reported
only in graphical format. We standardized the diverse information curated from the available resources to develop a unified
database of fish reproductive toxicity. The next steps in our vision are to test permanent cell cultures and to build machine
learning models that would be able to predict reproductive toxicity based on the fish cell assays and available historical data.

1.08.P-M0060 In Silico Approaches to Characterize Chemical Impacts on Genetic Diversity

Marissa B Kosnik* and Andreu Rico?, (1)Department of Environmental Toxicology, Eawag: Swiss Federal Institute of Aquatic
Science and Technology, Switzerland, (2)Cavanilles Institute of Biodiversity and Evolutionary Biology, University of Valencia,
Spain

Population-level diversity is the bridge between individual organism and species-level effects. Within-species genetic diversity
is susceptible to chemical pollution, and understanding the potential impacts of chemicals is essential to determine the
resilience and adaptation potential of different species. However, of the three levels of biodiversity (genetic, species, and
ecosystem), genetic diversity has been reported to receive the least attention. Field-based methods to assess genetic diversity
depend on sequencing large numbers of organisms in a given population/geographic region or using environmental DNA.
However, finding connections between these methods and chemical exposures is challenging, and difficult to do prospectively.
Lab-based methods to assess genetic susceptibility to chemicals have also been used, but are impossible for all possible
species/chemical combinations that may occur. We advocate that computational methods can be used to complement and
enhance existing methods to assess chemical impacts on genetic diversity. We describe new opportunities to harness in silico
approaches used in human health toxicology to inform genetic susceptibility to chemicals in non-human organisms. These
include data integration approaches to form connections between chemicals, genetic data, and adverse outcomes in different
species, and adverse outcome pathway (AOP)-based approaches. We propose that chemical pollution impacts on genetic
diversity can serve as an early warning sign for more extreme adverse ecosystem effects (e.g., species loss), and thus combined
environmental monitoring and computational methods can enable development of ecosystem protection and risk mitigation
measures to prevent biodiversity loss from chemical pollution.

1.08.PC In Silico Ecotoxicology: Using Existing and Emerging Data to Characterize Chemical Impacts from
Individuals to Ecosystems

1.09.A Invertebrate Species in Ecotoxicology: Challenges and Opportunities in a Global Change Scene
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1.09.A.T-01 A Systematic Evidence Map of Molluscan Endocrinology and an Investigation of the Effects of a
Pharmaceutical 5-alpha-Reductases Inhibitor, Dutasteride, on two Freshwater Gastropod Molluscs

Konstantinos Panagiotidis, PhD candidate, Nicola Beresford, Marta Straszkiewicz, Thomas Miller and Alice Baynes,
Department of Life Sciences, Brunel University London, United Kingdom

Molluscs, integral to ecosystems as habitat engineers and food sources, face unprecedented threats from pollution. Notably, the
historical impact of tributyltin (TBT) causing 'imposex' by altering the sex organs of female snails, contributed to a global
decline in marine snail populations. While molluscs can serve as early indicators for endocrine-disrupting chemicals (EDCs),
current testing guidelines lack mechanistic understanding due to the intricate differences in molluscan endocrinology compared
to vertebrates. Molecular investigations have demonstrated that molluscan genomes lack essential enzymes to induce
vertebrate steroidogenesis as well as several nuclear steroid receptors. Some steroidogenic enzymes do appear to exist in
mollusc genomes, but their function remains unknown. Most notably, the enzymes 5-alpha-reductases (5aR 1, 5aR2) that
metabolise testosterone to dihydrotestosterone in vertebrates, are present in molluscs. Previous work in our lab has shown that
developmental exposure of Biomphalaria glabrata embryos to pharmaceutical SaR disruptors (dutasteride or finasteride)
results in a highly reproducible and dose-dependent disruption to development, resulting in altered shell morphology.
However, the impact of dutasteride on adult gastropods remains unexplored. To fill this gap, two experimental systems are
employed to investigate the effects of dutasteride on adult gastropods: a 21-day flowthrough exposure using B. glabrata snails
and an OECD 243 static-renewal test using Lymnaea stagnalis, both with nominal exposure concentrations of 0, solvent
control, 1ug/L, 3.2pug/L, 10ug/L, 32pg/L and 100pg/L Dutasteride. A systematic evidence map has also been developed to
identify existing knowledge gaps in molluscan endocrine research. Findings from our systematic investigations suggest the
existence of possible less intensively investigated hormonal pathways in molluscs, involving phytosterols (i.e. plant steroids),
ecdysteroids (i.e. insect steroids) and thyroid hormones. These pathways could potentially be a target of chemical disruption
that could interfere with their respective hormones, hormone-metabolising enzymes and/or hormone receptors, but currently
remain underexplored. Our work aims to contribute valuable insights into the physiological role of 5-alpha-reductases in
molluscs and identify novel endocrinological endpoints for ecotoxicological research that could enhance existing regulatory
guidelines for testing chemicals.

1.09.A.T-02 Exposure of freshwater gastropod Lymnaea stagnalis to silver nanoparticles causes chronic and
transgenerational effect

Wei Liu and Ting Wang, University of Geneva, Switzerland

The traditional focus of ecotoxicological studies has been primarily on a single generation. Multigenerational research in
ecotoxicological testing is needed to improve predictive approaches in ecological risk assessment. Given widespread use of
silver nanoparticles (AgNPs), silver nanoparticles (AgNPs) are increasingly being detected in aquatic environments.

In this study, we investigated here the transgenerational effects of AgNPs on the life traits of the freshwater model gastropod
Lymnaea stagnalis over two generations. Reversibility of the effects using recovery experiments was also performed. The
results showed that AgNPs induced high Ag bioaccumulation throughout the soft tissues of L. stagnalis parents after 21 days
of exposure. Increased ROS production and reduced condition index and fecundity were observed after exposure to AgNPs at
500 pg/L. These results underline that, upon exposure to AgNPs, adult gastropods may allocate more resources to resist
oxidative stress rather than growth or reproduction. In addition, Ag accumulation and ROS production in egg clutches were
significantly related to the duration and concentrations of parental exposure. On the other hand, exposure of single eggs, after
transfer to a clean medium, similar Ag bioaccumulation and ROS production were observed from eggs whose parents had been
pre-exposed to 50 and 500 pg/L. AgNPs. demonstrated that biological effects were persistent for the next generation.

The current explicit consideration of offspring performance adds value to existing toxicity testing programs. There are
important effects of parental exposure duration on offspring effects, and parental exposures can lead to transgenerational
changes in resistance, which have significant implications for toxicity testing and adaptive responses. These transgenerational
effects suggest the need for multigenerational testing to assess the environmental risks of MNPs in aquatic organisms.

1.09.A.T-03 Tracking Temporal and Spatial Ecotoxicological Effects of Suspended Particulate Matter in Lake Geneva
Rébecca Beauvais', Océane Lafargue', M. Carmen Casado-Martinez? and Benoit J.D. Ferrari?, (1)Swiss Centre for Applied
Ecotoxicology, Switzerland, (2)Swiss Centre for Applied Ecotoxicology Eawag (EPFL), Lausanne, Switzerland

In aquatic environments, suspended particulate matter (SPM) contitutes an important interface between water and sediment
and hence interacts with chemicals including toxic contaminants (adsorption, transport...). In contrast to bottom sediments,
SPM reacts quickly to the surrounding conditions and can show temporal and spatial fluctuations. Here, we aim to study the
ecotoxicological quality of SPM collected in Lake Geneva over different seasons and months. We investigated if SPM induced
effects on two model invertebrates, the benthic insect Chironomus riparius, and the epibenthic ostracod Heterocypris
incongruens. We assessed key biological parameters (mortality, growth and emergence) and explored the use of molecular and
enzymatic biomarkers for a deeper interpretation. Lake SPM was trapped during two successive periods of 4.5 months in
Spring to Fall 2021 and 2023. In 2023, additionnal traps were deployed to recover monthly SPM samples at 4 different depths:
10, 30, 50 and 100 m. The quality of SPM was characterized by physico-chemical analyses (grain-size, total organic carbon, S,
N and P content and metals, including total Hg). SPM samples were also submitted to targeted GC-MSMS and non-targeted
LC-HRMS screening. SPM-exposed larvae were digested for analysis of potentially bioaccumulated metals. In 2021, the
emergence success of C. riparius was significantly impacted by the second season sample, while we noticed high larval
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mortality during the exposure of the first season sample. In 2023, in the ostracod bioassay, the mortality rate varied over the
months and seasons but also with depth. Over 1,000 compounds were detected by LC-HRMS. Even though more substances
were detected in Feb-July 2021 (172) than July-Nov 2021 (147), a large proportion of substances were detected in both
periods, suggesting a clear anthropogenic impact of urban, industrial and recreational activities that contribute to the presence
of micropollutants linked to lake SPM. Mesured concentrations of targeted pollutants however rarely exceeded sediment
quality criteria. We showed that bioassays could be used to assess the ecotoxicological quality of SPM that was dynamic over
time and space. Overall, we observed good agreement among toxicity tests for a same sampling and among tests for the
different sampling strategy among years. In the future, effect-directed analyses could help to identify the natural or
anthropogenic pollutants responsible for the observed ecotoxicity.

1.09.A.T-04 Chemical Characterization and Toxicity Assessment of Antifouling Coatings’ Lixiviate: Implications for
Biofouling Management

Mar Santos-Simén'2, Edoardo Barbieri', Agnese Marchini®, Nestor Etxebarria! and Maren Ortiz-Zarragoitia?, (1)Research
Centre for Experimental Marine Biology and Biotechnology (Plentzia Marine Station; PiE-UPV/EHU), University of the
Basque Country (UPV/EHU), Spain, (2)University of Pavia, Italy, (3)Dep. Earth and Environmental Sciences, University of
Pavia, Italy

Antifouling coatings are commonly applied to minimize the growth of organisims on submerged artificial hard substrates.
Biocide-based coatings (BC) are the most widespread ones and, currently, copper is the main biocide used in combination with
other booster biocides. However, there is uncertainty regarding their performance and potential indirect environmental impact.
Thus, new non-toxic coatings, such as foul-release coatings (FR), are being developed as a sustainable alternative.This study
aimed to understand the effects of environmental conditions on the metal leaching from the coatings and to develop a screening
procedure to assess their toxicity on selected marine species.

PVC panels with a standardized surface were coated, weighted and submerged in glass containers with 1L filtered sea water.
Containers were placed in an incubator with an integrated shaker for 24h. Metal release was measured under 6 experimental
conditions; 3 temperature scenarios (14, 20 and 30 °C) at 33.5 PSU; 3 salinity scenarios (20, 33.5 and 37.5 PSU) at 20°C.
Additionally, uncoated PVC plates were used as reference. Metal release from the coated surfaces was measured in water
samples with inductively coupled plasma mass spectrometry (ICP-MS). Lethal toxicity assays were done on three marine
species: the amphipod Monocorophium insidiosum and the mussel Mytilus galloprovincialis pediveliger larvae, as biofouling
target species, and the copepod Acartia tonsa as non-target species. Besides, A. tonsa was used to test the toxicity of the
individual active coating compounds.

FR coating lixiviate did not have an effect on the survival of any of the tested species, while BC coating lixiviate lead to
mortality at relatively low concentrations for A. tonsa, but higher concentrations are needed for the other two tested species,
suggesting that the response is species specific. In fact, M. insidiosum was the most tolerant species to BC coating, a finding
that could have important implications for biosecurity management. Ongoing chemical analysis of obtained lixiviates will
allow us to better understand the chemical agents potentially involved in the observed toxic responses and the behaviour of
coating paints in different environmental scenarios. In conclusion, this work sheds light into biofouling control, providing
insights into coating selection, performance and environmental risks.

Funding: Basque Government (grant to consolidated research group CBET+, IT1743-22; PhD grant to MSS). HOBE

1.09.A.T-05 The tire rubber derived-contaminant 6-PPD-quinone and increased temperatures: too much for the
freshwater snail Radix balthica

Ndria De Castro-Catala', Isabel Mufioz?, Catalina Lizama? and Jordi Serra?, (1)Universitat de Barcelona, Spain,
(2)University of Barcelona, Spain

There is an increasing concern into the occurrence and fate of tire wear related compounds (TWCs) in the environment. One
important class of TWCs are N, N’-disubstituted phenylenediamines, which are antioxidants added to tires to prevent the
degradation of the rubber. They are highly reactive and this results in various transformation products. Among the globally
used PPDs, N-(1,3-dimethylbutyl)-N’-phenyl-p-phenylenediamine (6PPD) is one of the most frequently used tire antioxidant
[1]. Recently, Tian et al. (2022) [1] identified a highly toxic quinone transformation product of 6PPD, 6PPD-quinone (6PPD-
Q), as the toxicant responsible for acute mortality of the Pacific Northwest coho salmon (Oncorhynchus kisutch). These
chemical stressors may interact with other global stressors affecting aquatic systems. For example, within the context of
climate change, high temperatures and lower river discharges will cause water warming. Warming combined with chemical
stressors may result in lower fitness in natural populations.

In order to test the toxicity of 6-PPD-Q in invertebrates in the context of climate change, we carried out a 10 days microcosm
experiment with the freshwater gastropod Radix balthica. We tested the effects of 30 ug/L of 6-PPD-Q at two different
temperatures, 15 and 20°C. As preliminary results, negative sublethal effects of the exposure to 6PPD-Q on growth and
reproduction have been observed. Although the concentration tested (30 pg/L) is higher than the levels detected in aquatic
systems, the quantitave data for this contaminant are still scarce, and in the context of climate change, we can expect to find
high levels of TWCs in the future. In fact, we have seen that the effects of exposure to this antioxidant are accentuated by the
effect of the increased temperatures. Thus, climate change may worsen the negative effects of the contaminant and
compromise the survival of R. batlhica populations in polluted aquatic systems.

1.09.B Invertebrate Species in Ecotoxicology: Challenges and Opportunities in a Global Change Scene
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1.09.B.T-01 Enhanced Tolerance to Narcosis in Starved Daphnia magna Neonates

Sophie Steigerwald?, Yves Saladin!, Roque Gaston Alurralde?, Sebastian Abel®, Ann-Kristin Eriksson-Wiklund?, Anna Sobek*
and Elena Gorokhova?, (1)Environmental Science, Stockholm University, Sweden, (2)Department of Environmental Science,
Stockholm University, Sweden, (3)Ecological Chemistry, Stockholm University, Sweden

Daphnia magna is a standard model in ecotoxicity testing. The test protocols and guidelines specify the assay conditions,
including feeding, during exposure to ensure reproducible test outcomes. In contrast, there is no explicit standardisation for
pre-exposure feeding despite the recognised significance of test organisms’ energy reserves in coping with various stressors,
including organic pollutants with narcosis as the main mode of action. This gap in standardisation can contribute to
inconsistent test outcomes undermining reliable hazard assessments.

Here, we examined whether the pre-exposure feeding regime of neonates (<24 h) of D. magna can affect the test outcome in an
acute dose-response experiment with chemicals inducing narcosis. The neonates were subjected to two alternative feeding
regimes during the pre-exposure: starved (food-free media) and fed (algae present). Following this treatment, the daphnids
were exposed for 72 h to a mixture of polycyclic aromatic hydrocarbons and then allowed to recover for 48 h in clean media
with algal food. We measured survival and individual protein content in the daphnids at the end of each part of the experiment,
i.e., pre-exposure, post-exposure and post-recovery. There were significant effects of the pre-exposure feeding manifested as
(i) lower and less variable individual protein content, (ii) higher survivorship, and (iii) greater potential for recovery in the
starved individuals. These findings imply that feeding during the first hours of daphnid life rapidly increases metabolically
active body mass, with downstream effects on stress tolerance. Therefore, the pre-exposure feeding regimen plays a pivotal
role in experimental design, especially when inducing test outcomes through narcosis, exerting a substantial influence on both
the effect concentrations and their variability.

1.09.B.T-02 Transgenerational effects of the fluoroquinolone Flumequine in D. magna: An In Vivo Whole-
Transcriptomic Investigation

Edoardo Pietropoli!, Marianna Pauletto!, Silvia lori?, Roberta Tolosi!, Mery Giantin!, Mauro Dacasto! and Marco De
Liguoro?, (1)Comparative Biomedicine and Food Science, University of Padova, Italy, (2)Department of Comparative
Biomedicine and Food Science, University of Padua, Italy

Flumequine (FLU), a long-standing antimicrobial widely used in aquaculture, lacks a comprehensive understanding of its
toxicological effects on non-target species, especially long-term ones. This study delves into the potential transgenerational
effects of FLU on Daphnia magna, a key crustacean model species in ecotoxicology. FO generation was exposed for 21 days to
two FLU concentrations (2.0 mg L and 0.2 mg L™%). Subsequent generations (F1 to F3) were kept for 21 days in pure medium.
All the four generations (FO-F3) were subjected to phenotypic assessments, while the transcriptional profiles were investigated
by means of RNA-sequencing in FO and F3 generations. The results observed in the F3 generation were compared with those
outlined in FO and previously published. As to the FLU impact on phenotype, it decreased over generations. In contrast, in F3
generation, the transcriptional effects were exacerbated, suggesting a greater impact of FLU on progeny than on directly
exposed organisms. Indeed, in F3 daphnids we observed 473 and 1187 differentially expressed genes (DEGs) following FLU
0.2mg Lt and FLU 2.0 mg L exposure, respectively, while in FO generations DEGs were 43 and 357 for low and high FLU
dose, respectively. Functional analyses highlighted the upregulation of pathways related to cell duplication, nucleic acids
binding, duplication and translation, coupled with the downregulation of pathways involved in the formation of the organism'’s
nervous and structural systems.

These findings, indicating amplification of FLU transcriptional effects over generations upon reintroduction into a pure
medium, suggest a potential adaptation to FLU contamination. It is worth noting that this potential adaptation was not
appreciated at the phenotypic level, thus highlighting the importance of implementing molecular tools in risk assessment.
Whether the observed differences in expression result from alterations at the DNA level (e.g., epigenetic factors) or a
combination of other factors is still uncertain and worth of further investigations.

In conclusion, our research significantly contributes to understanding risks associated with the extensive use of
fluoroquinolones in aquaculture and shows the potential transgenerational effects of environmental pollutants in aquatic
systems.

1.09.B.T-03 An Open-Source Modular Workflow for Automated Daphnia Measurements of Sublethal Effects

Philipp Kropf!, Matthias Schott? and Magdalena M. Mair3, (1)University of Bayreuth, Germany, (2)Animal Ecology |,
University of Bayreuth, Germany, (3)Statistical Ecotoxicology, University of Bayreuth, Germany

Large standardized datasets are becoming increasingly important for early environmental screening and the comparison of
effects across different pollutants. While standardized procedures are usually available for simple acute mortality (e.g. OECD
guidance 202) and chronic reproduction (e.g. OECD guidance 211) tests, test setups for other sub-lethal endpoints are often
more diverse and not standardized. In addition, the testing of sub-lethal effects is usually time-consuming and subjected to
potential observer bias, which hampers the implementation in high- or medium-throughput workflows. New in silico-based
automation techniques that allow for standardized and fast measurements are often following very specific tasks that restrict
their application to specific research questions, or lack open and freely usable code.

We developed a free open image analysis framework that is able to achieve both, standardized time-efficient measurements of
Daphnia, and the option for modular extensions to adjust the workflow to more specific research questions. We use a Fast
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Region-based Convolutional Network (Fast-RCNN) algorithm to detect Daphnia body parts (whole daphnid, head, eye, body,
spina base, spina tip, heart, brood cavity) and measure body size (body length, body width, spina length) with human precision.
The workflow is packed into a user-friendly function that allows for the analysis of a batch of images in a single line of code.
At its core, the output contains visualizations of annotated images and a simple csv file with measurements. In addition to this
basic user level, we demonstrate how the workflow can be extended flexibly to answer additional research questions and how
it can be connected to other automatized measurement approaches. The program is provided as docker image and as source
code on github.

1.09.B.T-04 Investigating the fitness consequences of phenanthrene exposure in resurrected D. magna strains: a
paleocecotoxicological study

Florian Gigl*, Muhammad Abdullahi Mr2, Marianne Barnard?, Henner Hollert® and Luisa Orsini?, (1)Evolutionary Ecology &
Environmental Toxicology, Goethe University Frankfurt, Germany, (2)School of Biosciences, University of Birmingham,
United Kingdom, (3)Evolutionary ecology and environmental toxicology, Goethe University Frankfurt, Germany

Polycyclic aromatic hydrocarbons (PAHS) are a ubiquitous class of chemicals formed by the incomplete combustion of wood,
crude oil, coal, and gasoline. Due to their lipophilic properties, PAHSs spread ubiquitously and are persistent in the
environment. Because of their biochemical properties, PAHs can accumulate in animal tissue with mutagenic, carcinogenic,
and reprotoxic effects. Since the industrial revolution, PAHs have increased in the environment considerably, with
concentrations ranging between 0.159 to 33090 pg/kg in lake sediments worldwide. To date, many studies have investigated
the acute and chronic effects of PAHSs on freshwater organisms. However, the long-term impact of these contaminants on
fitness and ecological endpoints has been largely ignored. Moreover, it is unclear how prior exposure to other contaminants in
the environment may alter the toxic response of organisms to these ubiquitous contaminants. Here, we study the impact of
Phenanthrene (PHE), one of the most abundant PAHSs in aquatic environments, on the sentinel and keystone species Daphnia
magna. Capitalizing on the long dormancy of this species, we expose D. magna strains with different history of exposure to
chemicals to PHE and measure its impact on fitness-linked life history traits. The studied temporal populations of D. magna
were resurrected from a lake with well-paced and well-described history of chemical exposure. This allowed us to study fitness
responses of both strains naive to chemical stress and strains that have experienced historical exposure to chemical stress. Our
study shows that both naive and experienced populations to chemical stress suffer a fitness cost following exposure to PHE,
showing lower fecundity, a delay in maturation and smaller size.

1.09.P-Mo0061 Toxicokinetic profiling of ZnO:Mn multicomponent nanomaterials in Daphnia magna

Marianne Houin®, Maud Phillips®, Sébastien Cambier?, Johanna Ziebel?, Patricia M.A Farias?, Olavo D. F. Cardozo?®,
Andreas Stingl*, Arno C. Gutleb* and Kahina Mehennaoui, PhD?, (1)Erin, Luxembourg Institute of Science and Technology
(LIST), Luxembourg, (2)Postgraduate Program on Materials Science, PGMTR, CCEN, Federal University of Pernambuco,
UFPE, Cidade Universitaria, Brazil, (3)Phornano Brasil Ltda, Brazil, (4)Phornano Holding GmbH, Austria

Multicomponent nanoparticles (MCNMSs) are emerging nanomaterials (NMs) developed by combining individual nanoparticles
(NPs) to enhance their properties. Despite their prevalence, there is limited knowledge about the behaviour, fate, and potential
effects of MCNMs on aquatic organisms. Zinc oxide (ZnO) is a widely used NPs, particularly in cosmetics and sunscreens.
When coupled with manganese (Mn) NPs, ZnO is anticipated to exhibit increased stability and potentially reduced toxicity. To
explore this hypothesis, Daphnia magna were exposed for 72h to ZnO NPs and to a MCNMs consisting of ZnO:Mn NMs.
Toxicokinetic profiles of Zn and Mn were assessed after a 72h exposure period.

Organisms were first exposed for 24h to 300 pg.L™ of ZnO and ZnO:Mn before being transferred to a clean medium for 48h.
Survival, Zn and Mn bioaccumulation and/or depuration, and behavioural responses were investigated. This approach provides
comprehensive insights about the short term effects, uptake, and potential recovery patterns of D. magna exposed to ZnO and
ZnO:Mn.

A rapid uptake of Zn was observed in organisms exposed to ZnO NPs and ZnO:Mn with 400 pg.g-*d.w. of Zn measured in
organisms tissues after 1h of exposure and an uptake rate of 50.68 h"* and 68.52 h* for ZnO NPs and ZnO:Mn respectively.
Similarly, a rapid accumulation of Mn was observed after 1h of exposure of D. magna to ZnO:Mn with an uptake rate of 231.3
h-1. After 24h of exposure, organisms were transferred into clean medium. No Zn elimination was observed in both exposure
condition, while a slow but significant elimination of Mn was observed in organisms exposed to ZnO:Mn. A significant effect
on D. magna behaviour was observed. Mobility of exposed organisms was significantly lower compared to the control group
after 48 and 72h of exposure, suggesting a delayed effects of ZnO and ZnO:Mn. Similarly, D. magna velocity was significantly
lower in exposed conditions when organisms were in clean medium. The application of a light stimuli had significant effects
only on non-exposed organisms highlighting the impact of ZnO and ZnO:Mn on D. magna phototaxis. The current study gives
a better understanding of the exposure kinetics of ZnO and ZnO:Mn and their potential toxicity on D. magna, as they may have
deleterious effects on population dynamics which may alter the functioning of aquatic ecosystems.

1.09.P-M0062 When Daphnia glow and tell us what’s wrong: An Image-based screening method using Calcein AM in
whole organisms for rapid assessment of chemicals

Amira Perez, Cedric Abele, Paula Pierozan, Andrey Hoglund, Oskar Karlsson and Magnus Breitholtz, Environmental Science,
Stockholm University, Sweden

More than 86 million tons of chemicals, potentially hazardous to the environment, are produced annually in Europe. This
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makes it nearly impossible to evaluate the adverse effects of each chemical in a realistic time frame. It is therefore fundamental
to develop new tools capable of rapidly revealing adverse effects by quantifying relevant ecotoxicological endpoints.

New assessment methods (NAMS) such as image-based screening have started to evolve as an important predictive tool in
ecotoxicology. Calcein AM is a lipophilic dye that permeates viable cells. Once in the cytoplasm it gets hydrolysed by the
intracellular esterase into the fluorophore calcein, which emits a bright green signal. Cell viability as measured by intracellular
esterase activity is a recognized parameter of cell health. Applying Calcein AM combined with automated image analysis in
the model organism Daphnia magna is a novel approach that allows visualization of chemical effects in an intact organism. D.
magna is a commonly used standard test species for ecotoxicological assessment of chemicals.

The aim of this project was to develop an image-based screening protocol for sublethal adverse effects in D. magna using
Calcein AM. Esterase activity signal was analysed and quantified using Calcein AM after 24 hours exposure to three different
model compounds known to have specific effects in D. magna: carbofuran and triphenyl phosphate interfering with the
esterase activity and the insecticide methoxychlor, known to alter the viability and locomotor behaviour of D. magna. The
signal intensity in each exposure was used to calculate ECsp-values, which were compared to corresponding ECso-values
obtained from the traditional OECD acute immobilization test.

Results showed a decreasing fluorescence intensity equal or similar to zero from Calcein AM with increasing concentration of
Methoxychlor: 50-200 pg/L. These concentrations did not cause mortality. The ECso obtained by the Calcein AM signal
intensity was 28.9 ug/L compared to 171 pg/L from the OECD immobilization test, which demonstrates a higher sensitivity of
the image-based screening method.

This novel whole organism image-based screening NAM offers a rapid and sensitive tool to asses sublethal ecotoxicological
effects of chemicals.

1.09.P-M0063 Impact of Antineoplastic Agents in the Survival and Cellular Homeostasis of Daphnia magna

Ana Carolina Matias?, Madalena Vieira®, Andreia Rodrigues?, Roberto Martins®, Susana Loureiro® and Maria D Pavlaki*,
(1)University of Aveiro, Portugal, (2) CESAM & Department of Biology, University of Aveiro, Portugal, (3)CESAM-Centre for
Environmental and Marine Studies and Department of Biology, University of Aveiro, Portugal, (4)University of Aveiro &
Centre for Environmental and Marine Studies (CESAM), Portugal

Antineoplastic agents, which are vital components of cancer chemotherapy, are designed to inhibit tumor cell proliferation by
interacting with DNA and modifying cellular growth factors. The release of these agents into municipal and hospital effluents
has raised concerns regarding the potential risks to non-target aquatic organisms, particularly when they coexist in complex
mixtures. This study aimed to investigate the effects of two distinct antineoplastic agents, doxorubicin (DOX) and oxaliplatin
(OXA), on the acute effects of Daphnia magna, measuring immobilisation as an endpoint, and its sub-lethal antioxidant,
biochemical, and neurotransmission responses, to evaluate the impact of their single and mixture toxic effects. Combined
toxicities were predicted using two distinct models, Concentration Addition and Independent Action, along with possible
deviations, such as synergism or antagonism, and effects dependent on “dose level” or those dependent on “dose ratio”. Acute
effects of single exposure of the two antineoplastic agents to D. magna after 48 hours occurred at ECs,=0.79 mg/L of DOX and
at EC50=59.61 mg/L of OXA. Mixture exposure of DOX and OXA displayed a better fit for dose ratio deviation patterns for
both models, showing synergism at higher OXA concentrations, whereas antagonism was mainly caused by increasing DOX
concentrations. Biomarkers for neurotoxicity, oxidative stress, and cell membrane damage were evaluated in D. magna
exposed to sublethal concentrations of DOX and OXA. Biomarkers included AChE, CAT, GPX, GR, GST, ETS, CYP ¢
reductase, CYP3A4 activity, and LPO. Alterations in LPO were observed for DOX exposure, while CAT, GPx, GR, GST, and
ETS showed changes with OXA exposure. Mixture exposure of DOX and OXA resulted in alterations in ETS and AChE. The
ecotoxicological data presented in this study not only highlights the potential environmental risks associated with anticancer
drugs, particularly concerning their synergistic effects but also emphasizes the importance of integrating statistical models to
assess the environmental impact of these compounds, as their behaviour will be different from the impact of single stressors.

1.09.P Invertebrate Species in Ecotoxicology: Challenges and Opportunities in a Global Change Scene

1.09.P-M0061 Toxicokinetic profiling of ZnO:Mn multicomponent nanomaterials in Daphnia magna

Marianne Houin?, Maud Phillips?, Sébastien Cambier?, Johanna Ziebel*, Patricia M.A Farias?, Olavo D. F. Cardozo?®,
Andreas Stingl*, Arno C. Gutleb! and Kahina Mehennaoui, PhD?, (1)Erin, Luxembourg Institute of Science and Technology
(LIST), Luxembourg, (2)Postgraduate Program on Materials Science, PGMTR, CCEN, Federal University of Pernambuco,
UFPE, Cidade Universitaria, Brazil, (3)Phornano Brasil Ltda, Brazil, (4)Phornano Holding GmbH, Austria

Multicomponent nanoparticles (MCNMs) are emerging nanomaterials (NMs) developed by combining individual nanoparticles
(NPs) to enhance their properties. Despite their prevalence, there is limited knowledge about the behaviour, fate, and potential
effects of MCNMs on aquatic organisms. Zinc oxide (ZnQ) is a widely used NPs, particularly in cosmetics and sunscreens.
When coupled with manganese (Mn) NPs, ZnO is anticipated to exhibit increased stability and potentially reduced toxicity. To
explore this hypothesis, Daphnia magna were exposed for 72h to ZnO NPs and to a MCNMs consisting of ZnO:Mn NMs.
Toxicokinetic profiles of Zn and Mn were assessed after a 72h exposure period.
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Organisms were first exposed for 24h to 300 pg.L™* of ZnO and ZnO:Mn before being transferred to a clean medium for 48h.
Survival, Zn and Mn bioaccumulation and/or depuration, and behavioural responses were investigated. This approach provides
comprehensive insights about the short term effects, uptake, and potential recovery patterns of D. magna exposed to ZnO and
ZnO:Mn.

A rapid uptake of Zn was observed in organisms exposed to ZnO NPs and ZnO:Mn with 400 pg.g*d.w. of Zn measured in
organisms tissues after 1h of exposure and an uptake rate of 50.68 h"* and 68.52 h* for ZnO NPs and ZnO:Mn respectively.
Similarly, a rapid accumulation of Mn was observed after 1h of exposure of D. magna to ZnO:Mn with an uptake rate of 231.3
h-L. After 24h of exposure, organisms were transferred into clean medium. No Zn elimination was observed in both exposure
condition, while a slow but significant elimination of Mn was observed in organisms exposed to ZnO:Mn. A significant effect
on D. magna behaviour was observed. Mobility of exposed organisms was significantly lower compared to the control group
after 48 and 72h of exposure, suggesting a delayed effects of ZnO and ZnO:Mn. Similarly, D. magna velocity was significantly
lower in exposed conditions when organisms were in clean medium. The application of a light stimuli had significant effects
only on non-exposed organisms highlighting the impact of ZnO and ZnO:Mn on D. magna phototaxis. The current study gives
a better understanding of the exposure kinetics of ZnO and ZnO:Mn and their potential toxicity on D. magna, as they may have
deleterious effects on population dynamics which may alter the functioning of aquatic ecosystems.

1.09.P-M0062 When Daphnia glow and tell us what’s wrong: An Image-based screening method using Calcein AM in
whole organisms for rapid assessment of chemicals

Amira Perez, Cedric Abele, Paula Pierozan, Andrey Hoglund, Oskar Karlsson and Magnus Breitholtz, Environmental Science,
Stockholm University, Sweden

More than 86 million tons of chemicals, potentially hazardous to the environment, are produced annually in Europe. This
makes it nearly impossible to evaluate the adverse effects of each chemical in a realistic time frame. It is therefore fundamental
to develop new tools capable of rapidly revealing adverse effects by quantifying relevant ecotoxicological endpoints.

New assessment methods (NAMSs) such as image-based screening have started to evolve as an important predictive tool in
ecotoxicology. Calcein AM is a lipophilic dye that permeates viable cells. Once in the cytoplasm it gets hydrolysed by the
intracellular esterase into the fluorophore calcein, which emits a bright green signal. Cell viability as measured by intracellular
esterase activity is a recognized parameter of cell health. Applying Calcein AM combined with automated image analysis in
the model organism Daphnia magna is a novel approach that allows visualization of chemical effects in an intact organism. D.
magna is a commonly used standard test species for ecotoxicological assessment of chemicals.

The aim of this project was to develop an image-based screening protocol for sublethal adverse effects in D. magna using
Calcein AM. Esterase activity signal was analysed and quantified using Calcein AM after 24 hours exposure to three different
model compounds known to have specific effects in D. magna: carbofuran and triphenyl phosphate interfering with the
esterase activity and the insecticide methoxychlor, known to alter the viability and locomotor behaviour of D. magna. The
signal intensity in each exposure was used to calculate ECsp-values, which were compared to corresponding ECso-values
obtained from the traditional OECD acute immobilization test.

Results showed a decreasing fluorescence intensity equal or similar to zero from Calcein AM with increasing concentration of
Methoxychlor: 50-200 pg/L. These concentrations did not cause mortality. The ECso obtained by the Calcein AM signal
intensity was 28.9 pg/L compared to 171 pg/L from the OECD immobilization test, which demonstrates a higher sensitivity of
the image-based screening method.

This novel whole organism image-based screening NAM offers a rapid and sensitive tool to asses sublethal ecotoxicological
effects of chemicals.

1.09.P-M0063 Impact of Antineoplastic Agents in the Survival and Cellular Homeostasis of Daphnia magna

Ana Carolina Matias?, Madalena Vieira®, Andreia Rodrigues?, Roberto Martins®, Susana Loureiro® and Maria D Pavlaki*,
(1)University of Aveiro, Portugal, (2) CESAM & Department of Biology, University of Aveiro, Portugal, (3)CESAM-Centre for
Environmental and Marine Studies and Department of Biology, University of Aveiro, Portugal, (4)University of Aveiro &
Centre for Environmental and Marine Studies (CESAM), Portugal

Antineoplastic agents, which are vital components of cancer chemotherapy, are designed to inhibit tumor cell proliferation by
interacting with DNA and modifying cellular growth factors. The release of these agents into municipal and hospital effluents
has raised concerns regarding the potential risks to non-target aquatic organisms, particularly when they coexist in complex
mixtures. This study aimed to investigate the effects of two distinct antineoplastic agents, doxorubicin (DOX) and oxaliplatin
(OXA), on the acute effects of Daphnia magna, measuring immobilisation as an endpoint, and its sub-lethal antioxidant,
biochemical, and neurotransmission responses, to evaluate the impact of their single and mixture toxic effects. Combined
toxicities were predicted using two distinct models, Concentration Addition and Independent Action, along with possible
deviations, such as synergism or antagonism, and effects dependent on “dose level” or those dependent on “dose ratio”. Acute
effects of single exposure of the two antineoplastic agents to D. magna after 48 hours occurred at EC5,=0.79 mg/L of DOX and
at EC50=59.61 mg/L of OXA. Mixture exposure of DOX and OXA displayed a better fit for dose ratio deviation patterns for
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both models, showing synergism at higher OXA concentrations, whereas antagonism was mainly caused by increasing DOX
concentrations. Biomarkers for neurotoxicity, oxidative stress, and cell membrane damage were evaluated in D. magna
exposed to sublethal concentrations of DOX and OXA. Biomarkers included AChE, CAT, GPX, GR, GST, ETS, CYP ¢
reductase, CYP3A4 activity, and LPO. Alterations in LPO were observed for DOX exposure, while CAT, GPx, GR, GST, and
ETS showed changes with OXA exposure. Mixture exposure of DOX and OXA resulted in alterations in ETS and AChE. The
ecotoxicological data presented in this study not only highlights the potential environmental risks associated with anticancer
drugs, particularly concerning their synergistic effects but also emphasizes the importance of integrating statistical models to
assess the environmental impact of these compounds, as their behaviour will be different from the impact of single stressors.

1.09.P-Mo0064 The Sub-lethal effects of Water Accommodated Fraction from chemically dispersed Marine Gas Oil on
the North Atlantic copepod Calanus finmarchicus

Tamer Amr Hafez!, Maren Ortiz-Zarragoitia?, Dag Altin®, Zdenka Bartosova*, Bjgrn Munro Jenssen® and Tomasz Maciej
Ciesielski*, (1)Zoology and Animal Cell Biology, CBET+, PiE, University of the Basque Country UPV/EHU, Spain,
(2)Research Centre for Experimental Marine Biology and Biotechnology (Plentzia Marine Station; PiE-UPV/EHU),
University of the Basque Country (UPV/EHU), Spain, (3)Research Infrastructure SealLab, Norwegian University of Science &
Technology (NTNU), Norway, (4)Norwegian University of Science & Technology (NTNU), Norway, (5)Department of Biology,
Norwegian University of Science & Technology (NTNU), Norway

Due to the maritime regulations to reduce sulfur emissions, there has been a shift in use of fuels with low sulfur content. As a
result, the use of the low sulfur Marine Gas oil (MGO) has increased in the shipping industry. Although several studies

have investigated the toxicity of MGO through Water Accommodated Fractions (MGO WAF), few investigated how
chemically enhanced MGO WAF (MGO CEWAF), by the application the dispersant (FinaSol OSR52,10%), modifies the
toxicity to marine organisms in cold environments. The copepod Calanus finmarchicus is an important component of the
zooplankton communities of the North Atlantic and is a valuable food source for commercially important fish. In addition,
C.finmarchicus has been extensively studied concerning hydrocarbon contamination, making it a model organism to
investigate the effects of MGO CEWAF. Hence, the objective of this study was to investigate sublethal effects of MGO
CEWAF on C. finmarchicus. Adult C. finmarchicus were exposed to a sublethal concentration of MGO CEWAF
corresponding to 50% of the calculated LCso-value after 96 hours of exposure (4.22% MGO CEWAF in seawater) for 24, 48,
72 and 96 hours. Sublethal responses were assesed by quantifying the transcription levels of several biomarker genes, activities
of antioxidant enzymes, lipid peroxidation levels, and accumulation of the carotenoid astaxanthin. Gene transcription analysis
showed significant downregulation of the biotransformation gene cyp330ALl in all the exposed groups compared to control
groups. Furthermore, changes in the gene transcription levels of elongase, fatty acid binding protein and ferritin suggested that
exposure to MGO CEWAF affected lipid metabolism and consequently affect the copepods' ability to store energy and
successfully complete diapause, an important phase in the copepod’s life cycle. In addition, the significant reduction in
activities of antioxidant enzymes, such as catalase, superoxide dismutase and total glutathione, suggests that exposure to MGO
CEWAF induced oxidative stress. The reduced capabilities to oxidative stress regulation and changes in lipid metabolism will
be further investigated through levels of lipid peroxidation and the amount of accumulated astaxanthin.

Funding: This work has been funded by the HORIZON 2020 GRACE project.T.H is a holder of Margarita Salas postdoctoral
fellowship funded by UPV/EHU through the European Union-Next Generation EU

1.09.P-Mo0065 Developing a Protocol for Measuring Viability and DNA Damage in Sperm Cells of Marine Amphipods
Marina Tendrio Botelho! and Gisela de Aragdo Umbuzeiro?, (1)School of Technology — State University of Campinas, Brazil,
(2)Faculdade de Tecnologia, Universidade Estadual de Campinas (UNICAMP), Brazil

Adverse effects in germ cells are crucial endpoints to enable a comprehensive chemical hazard evaluation. Reduced sperm
quality has been associated with negative effects at population levels in aquatic organisms. There is a lack of protocols for
viability and DNA damage evaluation in sperm cells especially for marine invertebrates. Parhyale hawaiensis, a tropical
marine amphipod, has been recognized as a promising model in ecotoxicology. So, this work aimed to optimize protocols to
evaluate sperm viability and DNA damage (comet assay) using P. hawaiensis for in vivo experiments. Sperm viability and
comet assay evaluations were performed after exposure of adults (8 months) to selected mutagenic compounds for 24h and
96h. Organisms were anesthetized and dissected to remove the testes, which were then dilacerated in artificial seawater to
obtain sperm cell suspensions. To evaluate viability, sperm cells were stained with SYBR-14 and propidium iodide and
counted under a fluorescent microscope after 24h exposure. To evaluate sperm cell DNA damage, standard alkaline comet
assay protocol (EtBr stain) was used with organisms exposed for 24 and 96h. For viability, we evaluted the mutagen
ethylmethane sulfonate (EMS) from 0.1 to 2 mM and dimethyl sulfoxide (DMSO) from 0.01 to 1%. We wanted to evaluate the
maximum concentration that could be used without decreasing viability, since most organic toxicants use DMSO as solvent.
No reduction in viability was observed for EMS and DMSO. To verify the best time of lysis and unwinding in the comet assay,
we direct exposed sperm cells to EMS and UV radiation and verified that the used protocol provided satisfactory responses and
the best conditions were 18h of lysis and 15 min of unwinding. When we compared the DNA damage responses of sperm cells
and hemocytes for both mutagens at the same exposure times, sperm cells were more sensitive. Then, we exposed 12 males per
concentration of EMS (0.1 to 2mM) for 24 and 96h. A clear concentration response was observed after 24h, but for 96h all
concentrations provided high percentage of damage (>70%). Both viability and DNA damage protocols were successfully
developed and will be now applied to evaluate mutagens that require metabolic activation, such as PAHSs, azo and
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anthraquinones dyes. It seems that 24h exposure time is sufficient to detect DNA damage (comet assay) at least for direct
mutagens as EMS. For other compounds different exposure times may be needed.

1.09.P-M0066 Framework for Immunotoxicological Studies using the Marine Amphipod Parhyale hawaiensis:
Hemocytes Characterization

Amanda dos Santos2, Marina Tendrio Botelho®, Willian Reina Joviano*, Vicente Gomes®*, Jose Roberto Silva* and Gisela de
Aragdo Umbuzeiro®, (1)Center for Energy and Petroleum Studies - University of Campinas, Brazil, (2)School of
Pharmaceutical Sciences - Sdo Paulo State University, Brazil, (3)School of Technology — State University of Campinas, Brazil,
(4)University of Sdo Paulo (USP), Brazil, (5)Faculdade de Tecnologia, Universidade Estadual de Campinas (UNICAMP),
Brazil

Hemocytes are blood cells present in the hemolymph of amphipods and other crustaceans and are very important to the
functioning of the immune systems. Given the importance of the amphipods as test organisms in ecotoxicological studies and
the possibility of collecting hemolymph from them, several studies have used this matrix to assess DNA damage after different
types of exposures. Nevertheless, the knowledge about the types of cells found in the hemolymph or their relative quantities
from these investigations is limited. Hemocytes of the marine circumtropical amphipod Parhyale hawaiensis have been used
for the evaluation of DNA damage and micronuclei, but they have not been characterized in the scientific literature. Thus, this
investigation aimed to characterize P. hawaiensis hemolymph cells and examine their phagocytotic activity. Basic dyes, such
as Rosenfeld and Sudan Black, were selected to differentiate the cell types and the presence of lipids. Three parameters were
established: total hemocyte counts (THCs), the proportion of hemocyte types, and their size. To verify phagocytosis activity,
hemolymph was exposed to Escherichia coli. We observed three distinct cell types in P. hawaiensis and all of them contained
lipids. Granulocytes had an oval shape and size of 13.4 x 7.6 um, semi-granulocytes also had an oval shape and a similar size
(14.1 x 7.2 um), and hyalinocytes had a round shape and a smaller size (9.6 x 7.2 pm). The proportions of the three cell types
varied between males (64.8%, 31.1%, and 4.2%) and females (70.1%, 28.2%, and 1.7%). Males had significantly higher THCs
than females (males: 9007 + 3800 cells per individual; females: 4695 + 1892 cells per individual). It was observed that
hemocytes were able to phagocytose E. coli, indicating that assays based on phagocytosis could also be explored as an
immunotoxicity endpoint. These results advance in the understanding of P. hawaiensis hemocytes and contribute to the
framework for hemocyte-based immune responses as an endpoint in ecotoxicology.

1.09.P-M0067 The toxic effect of plastic leachate on marine periwinkle Littorina littorea

Daria Bedulina?, Frank Menger?, Mara Romerscheid?, Stefan Lips*, Lars Michael Hildebrandt®, Anette Tillmann®, Lanning
Gisela” and Christian Bock?, (1)Alfred Wegener Institute Helmholtz-Center for Polar and Marine Research, Germany,
(2)Department of Organic Environmental Chemistry, Helmholtz-Zentrum Hereon, Germany, (3)Department of Exposure
Science, Helmholtz Centre for Environmental Research (UFZ), Germany, (4)Deparment of Bioanalytical Ecotoxicology,
Helmholtz Centre for Environmental Research (UFZ), Germany, (5)Department of Inorganic Environmental Chemistry,
Helmholtz-Zentrum Hereon, Germany, (6)Alfred-Wegener Institute, (7)Department of Integrative Ecophysiology, Alfred
Wegener Institute Helmholtz-Center for Polar and Marine Research, Germany

Plastic pollution poses a substantial threat to marine coastal ecosystems. Besides the physical effect of plastic debris and
particles, plastic-associated chemical additives are continuously released from the polymeric matrix and can cause toxicity for
marine benthic organisms. This release is enhanced by high coastal hydrodynamics and solar radiation. However, the way
these complex mixtures of leached plastic-associated chemicals affect key littoral benthic species is still not fully understood.
To investigate this, we exposed a common periwinkle, Littorina littorea, for three days to a dilution series of leachates
prepared from UV-treated transparent polyethylene foil. The movements of snails were monitored by measuring the time of
withdrawal from the shell, the time when tentacles appeared, and the time needed for the snails to rotate from the upward
position. Additionally, the leachates were characterized using a set of complex analytical methods using liquid chromatography
(LC) coupled to (high-resolution) mass spectrometry ((HR)MS). The results showed that the leachates suppressed the moving
activities of snails in a dose-dependent manner. Metabolomic analysis using *H-Nuclear Magnetic Resonance (NMR)
spectroscopy revealed that this suppression goes along with an increase in the concentration of biomarkers of anaerobic
metabolism together with glucose depletion in pooled snail’s tissues. This indicates a disturbed energy homeostasis induced by
leachate exposure. The activity of acetylcholinesterase, a biomarker related to the nervous system, and levels of choline and
serotonin changed after the exposure, indicating that the used leachate might have a neurotoxic effect on snails. This could
explain the suppression of moving activity. The interconnection of the obtained results with the chemical composition of the
used leachate is discussed in this intradisciplinary study.

1.09.P-M0068 BPE exposure of the snail Lymnaea stagnalis: investigating effects in embryos, adults and after parental
exposure

Gaétan Tucoo?, Henrik Holbech? and Jane Ebsen Morthorst?, (1)Biology, University of Southern Denmark, Denmark,
(2)University of Southern Denmark, Denmark

Bisphenols, such as Bisphenol A (BPA), have been used for decades in plastics and resins. After BPA has been considered
toxic to reproduction and has been listed on the EU Candidate List of Substances of Very High Concern, BPA-alternatives,
such as Bisphenol E (BPE), have been developed. The adverse effects of these alternatives are investigated within the
European Partnership for the Assessment of Risks from Chemicals (PARC). The OECD published a L. stagnalis reproduction
test guideline (OECD TG 243), but tests on embryos are yet to be developed. We investigated the effect of BPE, on both L.
stagnalis embryos and adults. Embryos were exposed 21 days to 0.1, 0.5, 1, 2, 5, and 10 mg/L of BPE. For the reproduction
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test, adult snails were exposed in semi static conditions to five BPE concentrations, from 0.1526 to 1.6 mg/L, with a 3.2 factor.
The BPE concentration was checked regularly in the exposure water using a UHPLC-3Q-MS/MS. We found that embryos
exposed to 5 mg/L grew 21.5% less than the controls, and had significantly decreased heartbeat rate at day 6, but no death
occurred. Embryos exposed to 10 mg/L grew 36.1% less than the controls. At this concentration, embryos didn’t have
heartbeat at day 6, and only 7% of the embryos had hatched after 21 days. However, in spite of severe malformations, no death
occurred due to the exposure at 10 mg/L. For adults exposure, a range finding prior to the test showed a 100% mortality of the
snails at 10 mg/L. The TG 243 experiment is ongoing. The chemical analysis results show a high instability of the BPE
concentration, with down to only 20% of the nominal concentration left after 30h. During the reproduction test, eggs from
exposed parents are collected in order to perform embryo tests, and evaluate the potential parental transfer of BPE toxicity. In
conclusion, both L. stagnalis embryos and adults are sensitive to BPE. We also showed the importance of chemical analysis in
exposure test to allow the comparison of results between laboratories and species. Results from embryo exposure tests are
promising and will help evaluating the relevance of developing invertebrates embryo-based toxicity tests.

1.09.P-Mo069 Effects of Culturing Conditions on Metal Toxicity to Lymnaea stagnalis - Focus on Diet

Mariem Fadhlaouit, Osianna Williams?, Megan Mattsson®, Antoine Faure?, Léna Guimard?, Isabelle Lavoie®, Katrien
Delebeke®, Stijn Baken, PhD® and Anne Cremazy?, (1)Institut national de la recherche scientifique (INRS), Canada,
(2)Universitée d 'Ottawa, Canada, (3)New Brunswick University, Canada, (4)Centre Eau Terre Environnement, Institut national
de la recherche scientifique (INRS), Canada, (5)International Copper Association, Belgium, (6)European Copper Institute,
Belgium

Lymnaea stagnalis, a prevalent freshwater snail, plays a crucial role in aquatic ecosystems and is well-recognized for its
sensitivity to metals, particularly copper (Cu). As a key model organism for assessing metal exposure risks in freshwater
environments, understanding the factors influencing its sensitivity is important. This study consists of two sequential
experiments to evaluate the impact of experimental conditions (diet quality) on the sensitivity of L. stagnalis to Cu. In the
initial experiment, newly-hatched snails were exposed to a range of Cu concentrations (1, 2, 5, 10, 20, 50, and 100 pug/L) over
37 days to determine the EC50. The second experiment explored the influence of diet quality on snail sensitivity to Cu. Four
distinct diets, including romaine lettuce, sweet potatoes, fish flakes, and periphyton, were tested under Cu-free and Cu-
contaminated conditions at the selected EC50. Results from the first experiment indicated significant effects of Cu exposure on
growth rate and mortality. A concentration of 15 pg/L was selected for the second experiment based on the EC50.

Interestingly, this concentration did not impact growth rate. However, diet quality was found to be a critical factor influencing
growth. Indeed, growth rate responded to diet quality depending on development stage.This study presents a contribution to the
improvement of methodologies and enhances the reliability of toxicity assessments in L. stagnalis, thereby informing more
accurate risk assessments in ecotoxicological studies.

1.09.P-M0070 How can we Better Understand Ecosystem Scale Effects of Neuroactive Chemicals?

Joe D'Souza?, Charles Tyler? and Fredric Windsor?, (1)Cardiff University, United Kingdom, (2)University of Exeter, United
Kingdom

Whilst we know neuroactive chemicals are pervasive in the environment, we know little of their impact within freshwater
ecosystems. Existing toxicity tests are principally undertaken in controlled laboratory conditions on a small number of species
and focus on the individual-level effect of chemicals. As a result, our understanding of sublethal and indirect effects, of which
there are potentially many (e.g., reduced feeding activity and subdued predator responses), is limited. A major challenge,
therefore, is to understand the effects of neuroactive chemicals at community and network scales within freshwater
ecosystems. A multi-method approach will be used to understand the risk posed by neuroactive chemicals to freshwaters.
Firstly, we will complete a systematic review into the fate and effects of neuroactive chemicals. Secondly, we will assess the
concentrations of neuroactive chemicals in local river catchments across South Wales, UK. Thirdly, we will interrogate
mammal, fish and invertebrate genomic databases to identify orthologues for receptors that different neuroactive chemicals
interact with and determine the degree to which certain chemicals are likely to have impacts across freshwater ecosystems. By
combining the findings of all three analyses we will be able to identify the most prevalent and potentially toxic chemicals at
both the global and local scale.

Using the information from the above in silico and field assessments we will employ a combination of aquatic micro- and
meso-cosm systems, seeking to address two main questions: (1) how do neuroactive chemicals alter ecological interactions
(e.g., predation and competition) and the complex networks these interactions form; and (2) do changes to ecological networks
result in alterations in ecosystem functioning? These experiments, assessing the impact of neuroactive chemicals as individual
compounds and in mixtures within multi-species systems, will further our understanding of their effects on the complex
interactions across trophic levels. Ultimately, by combining both empirical and in silico approaches, we aim to generate much
needed policy-relevant and environmentally realistic data to highlight the importance of incorporating behavioural end points
with standard ecotoxicological tests to inform chemical risk assessment, regulation and wastewater management.

1.09.P-Mo071 Assessing the Effects of Chemicals on UK-Relevant Freshwater Invertebrates

Amy Rose Ockenden, Rana Aljaibachi, Anthony Turner, Nichola White and Lorraine Maltby, School of Biosciences,
University of Sheffield, United Kingdom

Freshwater macroinvertebrates are highly vulnerable to anthropogenic stressors such as chemical pollution, with one-third of
freshwater insects under threat of extinction. However, macroinvertebrate species vary greatly in their sensitivity to different
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chemicals, making it challenging to predict the impact of a given chemical on diverse freshwater invertebrate assemblages.
Some of this interspecies variability is linked to a chemical’s toxic mode of action (TMoA), wherein general acting chemicals
(e.g., metals) exhibit smaller variations compared to specifically acting ones (e.g., insecticides). This interspecies variation in
chemical sensitivity could result in variable assemblage sensitivity and associated risks from chemical exposure, a factor
currently overlooked in existing assessments of chemical impacts. Given that it is not feasible to undertake toxicity tests for
every species-chemical combination, our study introduces a novel strategy for obtaining effects data on high-priority chemicals
for UK-relevant invertebrates, both laboratory cultured and field collected organisms. Our underlying hypothesis is that within
a TMOoA, the rank order of sensitivity of different species to chemicals remains constant, and the relative potency of chemicals
across a TMoA is consistent. To test this hypothesis, we focused on six distinct chemical classes (metals, triazoles,
polyaromatic hydrocarbons, synthetic pyrethroids, strobilurins), each characterized by a unique TMoA. We tested 3-4
chemicals from each class on an anchor species, Daphnia magna and tested 2-3 chemicals from each class on 10 distinct
macroinvertebrate organisms. Macroinvertebrates were selected to represent the main taxonomic groups (e.g., arthropods,
annelids, molluscs) and functional traits (e.g., detritivores, filter-feeders, grazers, predators) found within freshwaters
assemblages. For each of these organisms, we conducted acute immobilization tests and investigated whether the rank order of
sensitivity remains consistent within a chemical class. If our hypothesis is correct — that groups of similar species show
consistent responses to particular chemical classes, this will facilitate the extrapolation of effects across species and chemicals.
This will ultimately provide a more holistic and ecologically relevant perspective on the impact of chemicals on UK freshwater
assemblages.

1.09.P-M0072 Implications of WWTP Upgrade on aquatic organisms: Gammarids and NGS

Miriam Langer, Verena Christen and Dominik Ziger, University of Applied Sciences and Arts Northwestern Switzerland
(FHNW), Switzerland

Wastewater treatments plants (WWTP) are known point sources for micropollutants (MP) in surface water systems. To reduce
the introduction of MP in Switzerland, WWTPs are currently upgraded with further treatment steps. To demonstrate the impact
of this measures on the receiving streams, which is a huge financial investment for the involved partners, currently the removal
efficiency of 12 tracer MP is recommended. This practice is not satisfying since it’s not representing the impact of the water
quality improvement for water organisms directly. The goal of this project was to demonstrate if increase of water quality can
be represented by using actively monitored gammarids and next generation sequencing (NGS).

For several years adult male gammarids from the respective nearby ecosystem were selected and introduced in an active in situ
monitoring up and downstream of WWTP outlets before and after an upgrade of a WWTP (monitored sites n=4, 1-3y). The
gammarids were exposed for 1 month including food. After exposure the gammarids were counted, the RNA of the whole
organisms were isolated and used for Next Generation Sequencing (Illumina NextSeq 550). A workflow based on the Galaxy
platform (https://usegalaxy.org/) for the data evaluation was established including a transcriptome assembly. The project is
currently still running, but initial results after the (partial) upgrade of the first two WWTP showed, that the number of
significantly regulated transcripts between upstream and down streams are reacting towards the change in water quality. For
example, after the upgrade with a PAK-Treatment, the number of significantly regulated transcripts between up- and down-
stream was 3-times lower. The reduction pattern could be replicated in the subsequent year. Surprisingly, despite large
biological variation, the number of significantly altered transcripts was comparable between up and down before and after
removal at one site over 2 years.

At another WWTP a new biological treatment system has been activated, even with a still pending MP upgrade, a reduction of
significantly regulated transcripts between up- and downstream could be demonstrated. For further analysis more WWTP
upgrades are needed, but current results show that this “Non target” gene approach is showing a good responsiveness and
could be an interesting indicator of water organisms health status, especially considering the high biological variance among
populations and years

1.09.P-Mo073 Effects of Biodegradable Microplastics on the crustacean isopod Idotea balthica basteri Pallas, 1772
Amalia Amato?, Roberta Esposito?, Thomas Viel?, Francesca Glaviano®, Loredana Manfra*, Mariacristina Cocca®, Giovanni
Libralato®, Maria Costantini? and Valerio Zupo?®, (1)Stazione Zoologica Anton Dohrn, Italy, (2)Stazione Zoologica Anton
Dohrn, Department of Ecosustainable Marine Biotechnology, Italy, (3)Stazione Zoologica Anton Dohrn, Department of
Ecosustainable Marine Biotechnology, Ischia Marine Centre, Italy, (4)Italian National Institute for Environmental Protection
and Research (ISPRA), Italy, (5)Institute of Polymers, Composites and Biomaterials, National Research Council of Italy, Italy,
(6)Department of Biology, University of Naples Federico Il, Italy

Plastic pollution is a remarkable environmental issue, being plastic widespread and characterized by long lifetime. Serious
environmental problems are caused by the improper management of plastic end of life. In fact, plastic litter is currently
detected in any environment. Biodegradable polymers are promising materials if correctly applied and managed at the end of
life, to minimize environmental problems. However, poor data on BPs fate and toxicity on marine organisms limit their
applicability. In the present work we tested the effects of biodegradable polymers (polybutylene succinate, PBS; polybutylene
succinate-co-butylene adipate, PBSA; polycaprolactone, PCL; poly (3-hydroxybutyrates, PHB; polylactic acid, PLA) widely
used in various anthropic activities. These polymers were fed for 35 days to adult individuals of the isopod Idotea balthica
basteri, by adding fragments to formulated feeds at two concentrations, i.e., 0.84 and 8.4 g/kg feed. Our results showed that the
polymers affected the survival rates of the isopods as well as the expression levels of eighteen genes (tested by Real Time
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gPCR) involved in stress response and detoxification process. Our findings demonstrated that I. balthica basteri is a
convenient model organism to study the response to environmental pollution and to emerging contaminants in the aquatic
environment, and highlight the need for the correct use of biodegradable plastic polymers.

1.09.P-Mo074 Salinity fluctuations impact behavior of copepods: in situ monitoring using the multispecies freshwater
biomonitor

Mette Albreksen?, Per Meyer Jepsen® and Henriette Selck?, (1)Science and Environment, Roskilde University (RUC),
Denmark, (2)Roskilde University (RUC), Denmark

Many organisms living in estuarine environments have evolved abilities to cope with changing salinities. The cyclopoid
copepod Apocyclops royi are normally living in estuarine and coastal pond environments in e.g. Taiwan. Hence, they are
during the monsoon season exposed to heavy rain falls and following decrease in salinity. At other times of the year, they
experience longer heat periods and subsequent evaporating water, thus increasing salinities. This study examined the impact of
salinity change on the activity and behavioral response of A. royi. More specifically we asked 1) how well does A. royi cope
with extreme salinity changes (0 to 32 PSU), and 2) how long will it take to recover (from being inactive to be active again).
Animal movements in the water generate specific frequencies, and the Multispecies Freshwater Biomonitor (MFB, Limco
International) can estimate the percentage of time producing each frequency (from 0.5 to 8.5 Hz) by means of a stepwise
discrete Fourier transformation. The chambers contain biosensors, which are placed on the inside wall. The biosensors come in
pairs and there are two pairs in each chamber. One pair is sending out an alternating current through the water, which is then
received by the other pair of sensors. If the chambers contain an animal, the movement of the animal will be detected by the
change in amplitude of the signal sent by the first pair of sensors. MFB can be used in both marine- (0.1V) and freshwater
(1V). A. royi was reared in a dark climate room in seawater (32 PSU) at 25°C and fed with the microalgae, Rhodomonas salina
twice a week. Female A. royi with egg sacks was selected and placed individually in the experimental MFB chambers after
addition of either DI- (0 PSU) or marine (32 PSU) water (n=8 chambers per salinity). Activity was recorded using the MFB: 1
V for 0 PSU and 0.1 V for 32 PSU. The MFB has 16 channels (8 for each salinity) and is based on the quadruple impedance
conversion technique to record liv organism behavior. We found that A. royi decrease activity significant and is almost inactive
initially when transferred from 32 to 0 PSU. Further, they appear to regain activity within hours suggesting that they will be
able to handle extreme salinity stress. However, it is still to be examined how A. royi react to the combined stress of salinity
change and contaminant exposure.

1.09.P-M0075 Flow Cytometry as a Tool to Assess the Responses of Mytilus edulis Digestive Cells to Contaminants
Present in the Arctic

Tania Gomes?, Maria T. Hultman?, Samantha Eslava Martins, PhD* and Knut Erik Tollefsen?, (1)Norwegian Institute for
Water Research (NIVA), Oslo, Norway, (2)Norwegian Institute for Water Research (NIVA), Norway

Primary cell cultures from aquatic organisms are being increasingly developed for use in toxicity testing and mechanistic
studies in response to xenobiotics. Whereas fish cells are commonly used, less is known about primary cells derived from
aquatic invertebrates. Digestive glands play a key role in the metabolism and biotransformation of xenobiotics in mussels
Mytilus sp., making digestive cells relevant in vitro models for studying pathways and toxic mechanisms of xenobiotics. Flow
cytometry (FCM) can be used as a tool to evaluate the toxicological effects of contaminants in individual cells close to an in
vivo state. However, its potential use in integrated effects assessment and next generation risk assessment has not yet been fully
explored. So, the aim of this study was to investigate the sensitivity of FCM to quickly screen the effects of model chemicals
towards digestive cells isolated from Mytilus edulis. In a first assessment, the morphological, physiological and structural
characteristics of digestive cells were determined using light microscopy, fluorescence microscopy and FCM. Several cell
types were identified visually, comprised mostly of larger cells filled with lysosomes and smaller cells containing none to a
few lysosomes or lipids. The presence of two main cell populations with different sizes and complexity was identified by
FCM. Secondly, the integrity, viability and biochemical functions of isolated digestive cells were evaluated up to 24 hours
post-isolation using FCM, for which mortality, cell viability, metabolic activity and neutral lipids and lysosomes presence were
determined. Results obtained showed that digestive cells maintained their cellular integrity and biochemical functions over
time, even though a small decrease in viability was seen at 24h post-isolation. Exposure experiments are currently ongoing,
where digestive cells will be exposed to model chemicals, e.g., copper, pyrene, and the following endpoints determined by
FCM: mortality, cell viability, metabolic activity, neutral lipids and lysosomes presence, ROS formation, membrane potential,
lipid peroxidation and DNA content. Overall, the use of FCM seems to be a fast, accurate and reproducible cost-effective
method to quickly assess a wide array of cellular functions in mussel digestive cells that can be integrated into assessment of
contaminants present in the Artic. This work was supported by the EXPECT Project (#315969) funded by the Research
Council of Norway.

1.09.P-Mo076 Can primary producers act as vector of nanoplastics bioaccumulation on small filter feeders?

Marisa Sarria Pereira de Passos?, Guillaume Bucher?, Gabriella Schirinzi®, Vanessa Modesto*, Jessica Ponti®, Douglas
Gilliland?, Miguel-Angel Serra® and Nicoletta Riccardi?, (1)European Commission - Joint Research Centre (JRC), Belgium,
(2)European Commission - Joint Research Centre (JRC), Italy, (3)Joint Research Centre (JRC) - European Commission, Italy,
(4)Water Research Institute - Italian National Research Council (IRSA-CNR), Italy, (5)European Commission - Joint Research
Center (JRC), Italy

Bioaccumulation is a key component for the assessment of nanoplastics risk to the environment. Within aquatic ecosystems,
filter-feeding organisms are particularly relevant to sentinel for plastic contamination due to their highly specialized filtering
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structures. Although varying greatly among different zooplanktonic species on their biological filter-mesh size and sensory
adaptability, the range limits seems to be set by the structure and function of the filtering apparatus used for trapping particles.
It is therefore interesting to ask: does the biological filter mesh-size of small filter feeders matters when bio-concentrating
nano-size plastic particles?

Within an environmental context, small filter feeders tend to be foodborne-exposed to the contaminants. It is therefore highly
relevant to discuss the ecological role of phytoplanktonic species to try to understand if these can contribute as vectors of
bioaccumulation, since as primary producers it would not be firstly anticipated that these microorganisms occupying the first
trophic level of every trophic chains would have an “intent” to uptake nanoplastics.

In this work, relevant planktonic species were directly collected from Lake Maggiore (Italy) and exposed to three gold-doped
nanoplastics for 24 h, considering nonstandard experimental designs. A non-axenic microalgae culture containing a mixture of
species was used as foodvector for the nanoplastics exposure on freshwater cladocerans and copepods. Contact tests of
freshwater microalgae to the nanoplastics were conducted at the exponential growth phase for 24 h and several relevant
biomarkers were assessed. Metal-doped nanoplastics bioaccumulation on these microorganisms was assessed by ICP-MS
analysis. Taken together, the obtained results pinpoint that zooplankton when fed with nanoplastics only (no microalgae) tend
to accumulate significant levels on their bodies, however, when co-exposed with microalgae a decrease in the accumulated
content was recorded. As microalgae directly exposed to the nanoplastics demonstrated high levels of metal content, it is
reasonable to anticipate that the lower levels uptaken by the zooplankton was due to competition among species. Moreover,
interesting differences on bioaccumulation levels among the two zooplanktonic species were observed, which seems to reflect
their different biological filtering mesh-sizes. At last, differences on nanoplastics bioaccumulation were also demonstrated
between different particles.

1.09.P-Mo077 Sublethal Effects On Planktonic Biota Of New Phosphorus Adsorbents Used For Lake Restoration
Maria Gomez-Pozuelos?, Eloisa Ramos-Rodriguez?, Anja Svane Kolath®, Anders Baun* and Inmaculada de Vicente?,
(1)Institute of Water Research (IdA), University of Granada (UGR), Spain, (2)Department of Ecology/Institute of Water
Research (IdA), University of Granada (UGR), Spain, (3)University of Southern Denmark, Denmark, (4)DTU Sustain,
Technical University of Denmark (DTU), Denmark

Currently, it is well-known that eutrophication, characterized by an increase in the primary production of aquatic ecosystems,
represents one of the major challenges for the quality of water resources worldwide. This also leads to a loss of biodiversity
and disrupts aquatic ecosystems, emphasizing the importance of restoring these environments to aid in biodiversity recovery.
Phosphorus is typically the primary limiting nutrient for primary production in most inland aquatic ecosystems. Therefore,
reducing its concentration in water stands as the most crucial strategy to control eutrophication. In this context, short-term
standardized laboratory tests were conducted to assess the sublethal effects on aquatic biota of two novel phosphorus
adsorbents: carbonyl iron magnetic particles (HQ) and lanthanum-modified bentonite (Phoslock®). A series of toxicological
tests were run by using species from two different trophic levels: primary producers such as Desmodesmus sp. (measuring algal
growth rate inhibition) and primary consumers such as Daphnia magna (evaluating filtration and somatic growth rate). At this
point, it is important to consider that adsorbent doses used in these experiments were much higher than doses expected to be
used in a real scenario based on mobile sedimentary phosphorus and maximum adsorption capacity for phosphorus for each
adsorbent. Therefore, if no effects on organisms are found at these high doses, no effects are likely to be expected at lower
concentrations. Our results initially indicated that, in algal growth rate experiments, no inhibition was observed for HQ or
Phoslock® despite the significant reduction (albeit still above the metabolic threshold) in phosphate concentrations upon
adsorbent addition. Daphnia filtration rate experiments revealed that neither HQ nor Phoslock® had negative effects through
indirect contact. However, a significant reduction in the somatic growth rate of Daphnia was observed when both adsorbents
were directly added in all concentrations, particularly with Phoslock®, resulting in a more pronounced reduction at highest
concentrations (1 and 2 g L-1). Nonetheless, indirect contact with both adsorbents did not yield any significant effects on the
somatic growth of Daphnia. Overall, the addition of these adsorbents in a real lake-wide application is expected to cause minor
sublethal effects in Desmodesmus and Daphnia.

1.09.P-M0078 Indirect effects in mudsnails through dietary uptake?

Sophie Oster?, Patrick Fink? and Mirco Bundschuh?, (1)Institute for Environmental Sciences, RPTU Kaiserslautern-Landau,
Germany, (2)Department of River Ecology, Helmholtz Centre for Environmental Research (UFZ), Germany, (3)Institute for
Environmental Sciences, RPTU Kaiserslautern-Landau, ., Germany

Aquatic ecosystems are characterized by multiple connections within and among trophic levels. Chemical stress can disrupt
these interactions and lead to shifts in structure and function. Pesticides or pharmaceuticals can enter surface waters via
different pathways such as agricultural runoff or sewage treatment plants. Direct effects of these chemicals towards aquatic
primary producers such as biofilms have been widely studied. Biofilms not only contribute to primary production, but also
represent an important food source for grazing animals and host a large biodiversity including bacteria and algae. Studies of
potential indirect effects towards higher trophic levels (primary consumers) are scarcer. We therefore hypothesized that species
turnover in the biofilm community composition could in turn indirectly affect grazers feeding on biofilm. We studied river
biofilms as food source for the grazing New Zealand Mudsnail Potamopyrgus antipodarum after exposure to chemical stress.
P. antipodarum is a globally widespread invasive grazing gastropod, that lives in freshwater and consumes food via scraping
off organic coatings. The mudsnail has been established and widely used in the OECD 242 reproduction test since 2016. In
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terms of chemicals, we chose an herbicide to directly address the algal species and an antibiotic to address the bacterial
community within the biofilm.

We collected biofilm from a small river in a natural reserve in Germany as an inoculum to colonise ceramic tiles in stream
microcosms. After four weeks of colonisation, biofilms were chronically (14 days) exposed to 1) an unexposed control, 2) 10
pg/L of propyzamide, 3) 10 pg/L of ciprofloxacin and 4) to the mixture of both. In subsequent feeding assays, grazers were fed
ad libitum with those biofilms for 21 days. Grazers were analysed regarding their physiological condition (fatty acid
composition) and feeding activity, while the biofilm was analysed in terms of biomass, chlorophyll content, and fatty acid
composition. The data is currently being analysed supporting a coherent interpretation of these indirect effects. Based on the
above hypotheses, we expect chemically induced changes in the biomass and nutritional quality (less essential macronutrients
such as highly unsaturated fatty acids) of the biofilm. Consequently, we also expect to see indirect changes in the snails based
on an altered feeding rate and a similarly altered fatty acid profile compared to the control approaches.

1.09.P-M0079 The Impact of Environmental Factors on the Growth and Development of a Laboratory Culture of
Cloeon dipterum

Katie Smith!, Hanna Samantha Schuster?, Charles Hazlerigg? and Nadine S Taylor?, (1)Cambridge Environmental
Assessments (CEA), United Kingdom, (2)Enviresearch Ltd., United Kingdom

In the European Union (EU), non-standard test species are used in the refinement of aquatic risk assessments of plant
protection products (PPPs). Representatives of EPT taxa (Ephemeroptera, Plecoptera and Trichoptera) are of particular interest
as they are classed as sensitive and vulnerable to PPPs, however, they are known to be difficult to work with in a laboratory
setting and the seasonality of their life cycle restricts the frequency and scale of ecotoxicity testing.

The mayfly Cloeon dipterum is a highly abundant species across the UK and Europe, residing in ponds and river margins in
their larval stages and is a highly suitable taxa for Tier 2 testing in these regions. Yet little is known about how laboratory
conditions affect sub-lethal endpoints such as emergence, larval stages and overall survival, resulting in difficulties with
standardising testing. In the wild, individuals emerge across varied time periods and the emergence success rate and survival of
larvae are largely unknown with many confounding factors contributing to growth and development.

Here, we present the results from non-standard bench-scale tests using wild-caught C. dipterum larvae. The larvae were
subjected to different variations (from optimal to stress conditions) of environmental conditions, modifying temperature,
photoperiod and food quantity. Data was collected for a range of developmental measurements, including body length, instar
stage, feed intake, moults, time to emergence and survival were measured.

C. dipterum showed distinct trends in response to different conditions. In particular, sub-optimal temperature and food
availability resulted in a significant impact on development and survival. Mortality increased with both low (16 °C) and high
(22 and 24 °C) temperatures, and at the lowest food concentration. The increased mortality was mainly observed at instars L5 -
L7. No clear trend was found for different photoperiods. A wider range of growth and development measurements, e.g., instar
stages and body length was observed under optimum conditions (20 °C and higher food quantities) compared to the stress
conditions. Ecologically speaking, variability in size and moults indicate different choices by individuals to invest in growth
versus development which may have implications for population dynamics.

These results will be used to progress the reliability of mayfly testing in a regulatory context and inform future effect
modelling.

1.09.P-M0080 Effects of the UV filter 4-hydroxybenzophenone at the molecular level on the aquatic invertebrate
Chironomus riparius

Nuria Bosch?, Jose-Luis Martinez-Guitarte, PhD? and Esther Gonzalez-Almela?, (1)Universidad Nacional de Educacién a
Distancia, Spain, (2)UNED, Spain

In recent years, UV filters have become ubiquitous environmental contaminants of increasing concern because of their
extensive use, persistence, and bioaccumulation potential. The UV filter 4-hydroxybenzophenone (4HB) has been described to
cause endocrine disruption in vertebrates and is found in natural aquatic environments. Here, the ability of aquatic
invertebrates to manage the emerging contaminant 4HB is studied. To address this, the reference organism Chironomus
riparius was in vivo exposed to three environmentally relevant concentrations of 4HB (0.1, 1 and 10 mg/L) for 8, 24 and 72
hours. The response was assessed by analyzing the differential expression of genes involved in detoxification, stress response,
energy metabolism, drug resistance, and DNA damage repairing. The analysis was performed using a 16-gene real-time PCR
array. The results suggest that exposure to 4HB stimulates the detoxification mechanisms and the toxicant export out of the
cytoplasm causing an increase in the expression of the MRP1 transporter. Finally concluding that additional research is needed
although the effects observed in this study suggest that it produces a weak response in the short-term.

1.09.P-M0081 Toxicology Effects of Guanidinium Isothiocyanate In the Biological Model: Caenorhabditis Elegans
Elin Yohana Manrique- J* and Maria Cecilia Garcia-Espineira?, (1)Universidad del Atlantico, Colombia, (2)Bolivar,
University of Cartagena. Faculty of Medicine; Biomedical, Toxicological and Environmental Sciences Research Group
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(BIOTOXAM), Cartagena de Indias, Colombia., Colombia

Background: Guanidinium isothiocyanate (GITC) is a chaotropic agent that is used as the active ingredient in lysis buffers in
nucleic acid extraction processes and whose use increased in laboratories during the pandemic (1,2). It is currently identified in
the Network for Monitoring and Evaluation of Emerging Chemical Substances (Norman Network) on the list of suspects for
Emerging Contaminants (3). Its inclusion as a suspicious substance is a cause for concern considering that this reagent is for
use in the laboratory and must be discarded under special conditions and in accordance with the danger categories for
“substances dangerous for the aquatic environment” of the Economic Commission to the United Nations for Europe. GITC is
classified in category: acute toxicity 3, being toxic to some fish and crustaceans but not classified as a substance that generates
chronic toxicity (4,5).

Objective: To evaluate the toxic effects at different concentrations of GITC in the Caenorhabditis elegans biological model.
Methodology: GITC concentrations that caused mortality in wild strains (Bristol N2) of exposed C. elegans were identified,
estimating the LC 50. Growth, locomotion, and reproduction parameters were evaluated according to the exposure and changes
in expression were established of stress response genes in transgenic strains of C. elegans.

Results: the concentrations used did not induce acute lethality. There was alteration in growth, locomotion, and reproduction.
There was an increase in the expression of genes related to oxidative stress.

Conclusion: GITC generated effects on locomotion, growth and reproduction in the nematode, and oxidative stress enzymes
were also expressed.

1.09.P-M0082 A geometric framework approach to understand multi-metal toxicity on individual organisms to evaluate
relative risks and benefits of pollution and mitigation

Eleanor Jane Phillips, Biosciences, University of Sheffield, United Kingdom

The essential nature of organic metals to organismal fitness makes them distinct from other common pollutants. The
interdependence of these metals in cellular function, uptake, and excretion, are probable to make their dose-responses
interdependent, whilst also being dependant on other environmental and physiological conditions. The potential for less than
additive or antagonistic effects of certain metal combinations could have important implications in mitigating the impacts of
organic metal toxicity in the environment. However, we lack a comprehensive assessment of multi-metal interactions, with
most of our knowledge limited to studies of single or binary combinations of essential metals, across a narrow set of doses. We
aim to generate a multivariate geometric framework, across multiple organic metals, as an intuitive means of mapping the
effects of expose on phenotypic outcomes. We use the fruit fly (Drosophila melanogaster), an ideal high throughput model to
achieve such an extensive assessment of candidate metals. Initial focus of the study will be on developmental and reproductive
endpoints in flies exposed to combinations of copper, zinc, and phosphorus; elements important in shaping organismal health,
that are also environmentally relevant pollutants. The protocols developed from this study can then be applied to a more
extensive range of candidate metals to identify those that are highly interactive. In addition to other benefits of using a short-
lived invertebrate model, the fly genome is comprehensively understood and easily manipulatable, making this species a
particularly effective tool to explore the largely unknown mechanisms underlying the physiological effects of the interactions
between metals. For example, metal toxicity effects have been studied in detail in the fly with a key regulatory role of the
transcription factor MTF-1. Using flies mutant for this transcription factor will allow us to distinguish dysregulation of metal
homeostasis from direct effects of metals and their interactions. Our work aims to provide a more comprehensive
understanding of how organic metals shape organismal health and fitness on a fundamental level.

1.09.P-M0083 Effects of three antibiotics (tetracycline, ciprofloxacin, sulfamethoxazole) on survival, growth,
reproduction, behaviour and antioxidant enzymes of the earthworm Dendrobaena veneta

Jurate Zaltauskaite?, Diana Miskelyté', Gintare Sujetoviene?, Austra Diksaityté', Giedré Kaciené', Irena Januskaitiene! and
Renata Dagiliute!, (1)Vytautas Magnus University, Lithuania, (2)Vytautas Magnus University, Kaunas, Lithuania

Antibiotics have been widely used in human and animal medicine and are identified as emerging aquatic and terrestrial
contaminants. Veterinary antibiotics are used for disease prevention, control and treatment in food animal production.
Worldwide demand for livestock production is expected to double by 2050 implying considerable use of antibiotics. A wide
variety of antibiotics has been detected in aquatic and terrestrial environments, among which tetracyclines, sulfonamides and
quinolones are the most frequently detected. Because of inherent biological activity antibiotics present in the soil may impact
soil dwelling organisms, however their effects on soil dwelling organisms are still poorly understood. Adult earthworms
Dendrobaena veneta were exposed to 1-500 mg/kg of tetracycline (TC), ciprofloxacin (CIP) or sulfamethoxazole (SMX) for 8
weeks. Mortality, body weight, cocoon production and biochemical responses including the activity of catalase (CAT),
superoxide dismutase (SOD), glutathione reductase (GR), gluthathione-S-transferase (GST) and malondialdehyde (MDA) were
examined. During the avoidance test, the earthworms were exposed to the same antibiotics concentration n the soil for 48
hours. The results showed obvious avoidance behaviour of D. veneta against CIP and SMX, though no avoidance was
observed against tetracycline. The survival of the earthworm was affected only at the highest tested antibiotic concentration
and only after eight weeks of exposure. Only SMX significantly affected the final earthworm weight, however, the pattern of
body weight growth of earthworms exposed to different antibiotics was dissimilar. SMX has also shown toxicity to cocoon
production and juvenile hatching. The activity of antioxidant enzymes (catalase, superoxide dismutase and gluthathione-S-
transferase) was also affected by antibiotics.

1.09.P-M0084 Assessment of Emerging Pollutants in Wastewater Impact on Fuente de Piedra Wetland: A Toxicological
Study on a Native Species (Daphnia magna)
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Emilio Moreno?, Maria Gémez-Pozuelos?, Cristina Postigo?, Inmaculada de Vicente® and José Maria Conde-Porcuna®,
(1)Institute of Water Research (IdA), University of Granada (UGR), Spain, (2)Civil Engineering / Institute of Water Research
(1dA), University of Granada (UGR), Spain, (3)Department of Ecology/Institute of Water Research (IdA), University of
Granada (UGR), Spain

Wastewater discharges from local treatment plants in freshwater ecosystems are the main point source of emerging pollutants
input into wetlands. The continuous input and presence of emerging pollutants like pesticides, stimulant and pharmaceutical
compounds into freshwater and their potential effects on planktonic organisms are raising concern. Under this scenario, we
investigated the presence of emerging pollutants in the Fuente de Piedra RAMSAR wetland (Malaga, Spain). We detected the
presence of a total of 34 emerging pollutants in all water samples analysed over a period of six months. The most predominant
contaminants were pharmaceuticals (13), followed by pesticides (11), drugs and stimulant substances (9), and personal care
products (1). Among these, caffeine, the nonsteroidal anti-inflammatory drug naproxen and the neonicotinoid systemic
insecticide imidacloprid showed the highest concentrations. Concentrations varied between 0.09 to 15.08 pg/L for caffeine and
between nondetectable to 2.30 pg/L and 0.46 pg/L for naproxen and imidacloprid, respectively. According to the results
obtained, we propose to carry out toxicological test to investigate their potential toxic effects on the native species from Fuente
de Piedra Daphnia magna. Our approach is evaluating the potential ecological risk of caffeine, imidacloprid, and naproxen on
Daphnia magna increasing concentrations (0, 0.1, 10, 100, 1,000, 10,000, 50,000, 100,000, 500,000 pg/L) and monitoring for
acute effects. The concentrations selected cover a wide range to ensure a comprehensive evaluation of potential toxicity.
Preliminary results indicate that caffeine, imidacloprid, and naproxen exhibit concentration-dependent effects on Daphnia
magna, with immobilization as a primary endpoint.

The relevance of this study lies in its contribution to understanding the ecological consequences of wastewater-borne emerging
pollutants on aquatic ecosystems. The findings provide valuable insights into the potential risks associated with specific
pollutants, such as caffeine, imidacloprid, and naproxen, and their impact on Daphnia magna. This research provides insights
into the adverse effects of emerging pollutants on planktonic native organisms for a better ecological risk assessment in
contaminated areas. Subsequent efforts aimed at mitigating these effects should take our results into consideration.

1.09.P-M0085 Acute and chronic toxicity of four short- and ultrashort-chain perfluoroalkyl substances in Daphnia
magna and Hydra vulgaris

Marie Houédé!, Houda Hanana?, Geneviéve Farley?, Pascale Bouchard?, Roxane Sorel?, Tuc Dinh Quoc?, Sébastien Sauvé®
and Magali Houde?, (1)University of Angers, France, (2)Environment and Climate Change Canada, Canada, (3)University of
Montréal, Canada

Perfluoroalkyl substances (PFAS) have been used for decades in industrial and commercial products and are detected
worldwide in aquatic and terrestrial environments. Short substances (< 6C) such as perfluorobutanoic acid (PFBA),
perfluorobutane sulfonic acid (PFBS), and trifluoroacetic acid (TFA) have been increasingly used by industry and are now
detected in environmental matrices. We need to better understand the effects of these PFAS on aquatic organisms to be able to
assess their risks. The first objective of this study was to investigate the acute toxicity of four short- and ultrashort PFAS -
PFBS (4C), PFBA (4C), TFA (2C) and trifluoromethane sulfonic acid (TFMS, 1C) - in two aquatic invertebrate species:
Daphnia magna and Hydra vulgaris. Two independent experiments were conducted with the same individual PFAS. In one
experiment there was no pH adjustment of the solutions, whereas in the other experiment the test solutions were adjusted to pH
of 6,5 to 8,5 corresponding to standard exposure media. The second objective was to assess the chronic toxicity of TFA in both
species (treatments = 0, 0.01, 1, 10, 100 mg/L; 13 d exposure for D. magna and 7 d for H. vulgaris). Endpoints of immobility,
mortality, reproduction, body size, and glutathion S-transférase (GST) as biomarker of oxidative stress were assessed in D.
magna and development and reproduction were evaluated in H. vulgaris during and after exposure. Chemical analysis
confirmed the presence and stability of the four PFAS in exposure media. Results from acute testing without pH adjustment
(LC50 =316 mg/L and 31,6 mg/L for D. magna and H. vulgaris, respectively) indicated that the four PFAS impacted the
survival of both species at the highest concentration (1000 mg/L); results for all LC50 were > 1000 mg/L with pH adjustment.
Results from chronic testing on D. magna indicated no effects on mortality, immobility, reproduction, and GST levels in
comparison to controls. A size reduction was observed for D. magna with increasing concentrations for TFA during chronic
testing. TFA exposure did not induce changes in the morphology of individual polyps and did not alter the reproduction of
hydra. Overall, results suggest lower toxicity of these substances compared to longer-chain PFAS. However, the persistence of
these short-chain PFAS in the environment and potential sub-lethal effects should be investigated.

1.09.P-M0086 A High Throughput Adaptation of Standardized Ecotoxicological Exposure Tests in Daphnia magna and
Other Invertebrates

Angel Daniel Ceballos Ramirez!, Mark Hodson?, Colin Brown?, Thomas G Preuss? and Elma Lahive®, (1)University of York,
United Kingdom, (2)Bayer AG - Crop Science Division, Germany, (3)UK Centre for Ecology & Hydrology (UKCEH), United
Kingdom

Modern mechanistic modelling can create extrapolations of chemical toxicity across multiple organisms; however, it tends to
require large amounts of measurements. New technology and equipment have introduced the opportunity of using high-
throughput testing techniques to facilitate the collection and automated processing of high volumes of experimental data
assisted by Artificial Intelligence or specialized image analysis software.

The present project aims to adapt the Daphnia magna chronic OECD standard procedures to a High Throughput setting using a
Cell imager and well plates. The method will then be extended to other invertebrates used in similar ecotoxicological tests,
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such as Moina macrocopa, Thamnocephalus platyurus and Heterocypris incongruens. We aim to standardize high throughput
methods, expose the organisms to different chemicals with varying modes of action and octanol-water partition coefficients,
measure chronic toxicity responses and derive Dynamic Energy Budget Theory (DEB) Toxicokinetic — Toxicodynamic
(TKTD) parameters.

In Initial experiments, D. magna was grown in Elendt M7 media in 2ml well plates. Growth, defined as head to tail length,
matched observed values in the literature where OECD standards were followed. Lengths ranged between 1.8-3.0 cm after 14
days, with little mortality (<20%). Follow up experiments will feature cohorts of 60 organisms exposed to five different
concentrations of 3,4-Dichloroaniline, 2,4,5-Trichloroaniline, 1,4-Dichlorobenzene and 3-Nitroaniline for 21 days, quantifying
effects on their growth and reproduction. Experimental concentrations for the selected chemicals will be derived after an initial
experiment to create a dose-response curve and obtain an EC50. For the presentation, results for M. macrocopa, T. platyurus
and H. incongruens will also be included.

The next step will also include the exposure and culturing of all the species under different temperatures, food regimes and
chemicals, in order to generate growth curves and derive DEB parameters, such data are currently unavailable for T. platyurus
and H. incongruens in the Add-my-pet database. After this, the data generated will be inputted into a DEB-TKTD model to
predict chemical toxicity across multiple species and chemicals with varying physicochemical properties and modes of action.
Finally, the predictions of the model will be fitted to new experimental data.

1.09.P-M0087 Nanoplastic-Induced Genotoxicity in Daphnia pulex

Thomas Nash, Paul Kay and Laura Carter, School of Geography, University of Leeds, United Kingdom

The presence of microplastics in freshwater systems are cause for concern, with many studies detailing harm caused to
freshwater organisms resultant of exposure to microplastics at both an individual and community level. Exposure to
microplastics is known to negatively impact daphnids, causing increased mortality and a range of sublethal effects including
reduced reproduction and changes to swimming behaviour.

Genotoxicity testing can provide another useful endpoint in this regard since it can detect sublethal — but still potentially
harmful — effects across varied timescales. Combined with other biomarkers, genotoxicity testing can improve understanding
of the ecological consequences of environmental contamination.

In this study, Daphnia pulex neonates were exposed to 100nm polystyrene microparticles for 24 and 48 hours at doses ranging
from 10 to 200 mg/L, with immaobilisation and genotoxicity (comet assay) endpoints assessed following exposure. Results
indicate that polystyrene microparticles at high concentrations induce genotoxicity within 48 hours, however immaobilisation
proved more sensitive to the presence of polystyrene microparticles at both lower concentrations and after just 24 hours.
Further work will investigate the genotoxic impact of microplastics both in longer term (chronic) exposures and in combination
with other pollutants.

1.09.P-M0088 **An automated flow-through exposure system for the evaluation of challenging substances in the
Daphnia reproduction test"

Anne Dupont, Armin Peither, Séverin Semal, Johannes Volker, Stefan Josef Hoeger and Jérn Schreitmiiller, Innovative
Environmental Services (IES) Ltd., Switzerland

The Daphnia magna reproduction test plays a crucial role in the regulation of chemical substances. The test involves exposing
juvenile female Daphnia to the test substance over 21 days and assessing several reproductive parameters, including the
number of offspring, time to the first brood, and the survival and growth (measured in length) of the parent organisms.

The frequency of medium renewal depends on the stability of the test substance. According to the test guidelines, medium
renewal should be done at least three times a week. For challenging test substances that are volatile or tend to degrade quickly
(such as hydrolysis, oxidation, and sorption), the OECD recommends more frequent medium renewal or the adoption of a
flow-through test (OECD Guideline 211; OECD Guidance Document 23).

A flow-through exposure system enables the maintenance of stable exposure conditions and, thus, the assessment of difficult
test substances. At IES, we use an automated flow-through dosing system with individual dosing units for each treatment.
Based on the specific physicochemical properties of the test chemical, solubility tests and dosing pre-experiments are
performed to determine and optimise appropriate dosing parameters including test medium flow and exchange rate as well as
ensuring adequate nutrient supply.

Given the increasing demand for chronic toxicity testing of challenging test substances, the possibilities and various setting of
the flow-through exposure system are presented, discussed, and compared with the semi-static approach. We will focus on the
reproduction rate and the analytical results (recovery), as these two parameters are crucial for the acceptance of the test results
for the risk assessment of biocides, plant protection products and industrial chemicals.
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1.09.P-M0089 JC-1 and High-Content Imaging to Quantify Mitochondrial Toxicity in Daphnia magna

Cedric Abele, Amira Perez, Andrey Hoglund, Paula Pierozan, Magnus Breitholtz and Oskar Karlsson, Environmental Science,
Stockholm University, Sweden

New approach methodologies are required to improve chemical risk assessment. Alternative endpoints are e.g. necessary to
elucidate the toxic mechanism of a chemical towards organisms. Fluorescence microscopy and the development of molecular
dyes offer new possibilities to detect changes in biochemical processes due to chemical stressors.

The aim of this study was to quantify the effect of the model compounds 2,4-Dinitrophenol (2,4-DNP) and carbonyl cyanide 3-
chlorophenylhydrazone (CCCP) on mitochondria health in Daphnia magna by using the mitochondrial membrane potential
dye JC-1 in combination with automated image-analysis.

D. magna were exposed to 2,4-DNP concentrations between 0.94 and 40 mg/L and CCCP between 0.5 and 2500 pg/L for 2 h
and 24 h. Five daphnids per concentration were used and the experiments were conducted in triplicates. After the exposure,
immobilization was measured and JC-1 was applied. Fluorescence images where acquired in an automated confocal high-
content imaging system. The signal intensities in D. magna were measured using an established image analysis workflow.
Dose-response relationships based on the change in fluorescence intensities were calculated.

In all experiments, effects on the mitochondrial membrane potential were detected at lower concentrations than
immobilization. Moreover, the D. magna that showed altered JC-1 signal were fully mobile, showing that this effect is
sublethal. In both experiments, the ECso-values of mitochondrial membrane potentials after 2 h exposure were similar to their
corresponding ECso-values of immobilization after 24 h. After exposure to 2,4-DNP, mitochondrial effect concentration was
three times lower compared to corresponding values for immobilization and up to 30 times lower after exposure to CCCP.

These results indicate that the image-based method is able to identify the difference in the test compounds’ potency of
uncoupling oxidative phosphorylation in mitochondria of D. magna. Furthermore, effects were measured at a much earlier
stage and predicted organism death after 24h and 48h. In conclusion, this new approach provides an rapid and sensitive
mechanistic approach to regular ecotoxicity testing of chemicals.

1.09.P-M0090 The Effect of Wildland Fire-fighting Chemicals on the Reproductive Success of Ceriodaphnia dubia
Holly J Puglis, Michael lacchetta and Christina Mackey, U.S. Geological Survey (USGS)

With wildfires increasing in frequency and intensity in the western United States, it is essential to understand how the
chemicals used to suppress the spread of wildfire interact with the landscape. The effect on environmental health must be
understood to use these chemicals safely and effectively in emergencies. Studies have recently been published on the lethality
of fire-fighting chemicals currently used by the U.S. Forest Service; however, little is known about how these chemicals may
impact the reproductive success of organisms affected by chemical intrusions. We investigated the reproductive success of a
commonly tested cladoceran (Ceriodaphnia dubia). Specifically, female cladocerans were exposed to a concentration series of
three current-use fire-fighting chemicals (LC95A-R, MVP-Fx, and 259-Fx) at two durations (15 or 60 minutes) and then held
for seven days to determine effects on reproduction. There was a significant interaction between concentration and duration of
exposure with a decrease in number of neonates produced per female in LC95A-R treatments after 60 minutes of exposure at
3,500 mg/L and greater concentrations compared to the control females. There was a similar pattern with MVP-Fx, although
the interaction was not significant. In 259-Fx treatments, there was no interaction between duration of exposure and
concentration, but fewer neonates were found in treatments with 60-minute exposures than in 15-minute exposure treatments.
Measures of reproduction are a hallmark indicator of the ecological impact of chemical products on biota because impaired
reproduction has significant consequences for the structure of natural populations, as well as for the stability of the food web.
Further investigation of aquatic biota found in streams native to areas with high occurrence of wildfire should be studied to
determine the potential population level changes that may occur from fire-chemical intrusion.

1.09.P-M0091 Exploring mode-of-action for acute toxicity of primary aromatic amines with D. magna using differential
gene expression analysis

Friedel Dewulf!, llias Semmouri?, Karel De Schamphelaere? and Jana Asselman®, (1)Ghent University (UGent), Belgium,
(2)Ghent University - GhEnToxLab, Belgium, (3)Blue Growth Research Lab, Ghent University (UGent), Belgium

Organic pollutants, with their diverse structures and modes-of-action (MOAS), pose a significant challenge in understanding
and predicting their toxic effects on the environment. Chemicals can be grouped according to toxicity in among others non-
polar narcotics, polar narcotics, reactive chemicals, and specifically acting chemicals. Non-polar narcotics (baseline toxicants)
act via a non-specific MOA, with their toxicity linked to hydrophobicity. Polar narcotics are slightly more toxic, while reactive
and specifically acting chemicals show enhanced toxicity due to more specific MOAs and targets. The MOA of a chemical is
also linked with its interspecies variation in toxicity: structurally analogous narcotics typically demonstrate limited interspecies
variations in toxicity, while chemicals with a specific or reactive MOA display elevated interspecies variation, primarily
attributed to the specific MOA in exceptionally sensitive species. In that respect, aromatic amines exhibit distinctive toxicity
characteristics. Although they have been classified as 'polar narcotics', certain substitution patterns of the aromatically bound
amino group result in a large interspecies variation in toxicity, due to their excess toxicity towards species such as D. magna.
In this context, we investigated three primary aromatic amines (PAAs) in D. magna: 4,4’-MDA, 2,2’-MDA and 2,4-TDA.
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Despite their structural and chemical similarities, they exert very distinct biological effects. Therefore, we studied their MOA
by acute exposure experiments in the model organism D. magna to study its gene expression in response to PAA exposure.
Our experimental design also included two reference compounds, a non-polar narcotic (1-octanol) and aniline. Our analysis
showed, both in terms of acute immobility and gene expression patterns, very distinct biological MOAs for the three PAAs.
While 4,4’-MDA treatment showed similar effects as aniline, its isomer 2,2’-MDA showed similar effects as 1-octanol. 2,4-
TDA had an EC10 value in between the other two PAAs and did not induce any differential gene expression compared to the
negative control at its EC10 concentration. These results indicate towards a specific influence of substituent positioning in
PAAs on their toxicity and MOA towards D. magna.

1.09.P-M0092 Alternative Assays for Routine Toxicity Assessment

Wouter Lanneau?, Kirit Wadhia? and Kris Perdaen?, (1)Microbiotests, Belgium, (2)Environmental, NOV Inc, United Kingdom
Substantial number of aquatic toxicity tests exist and are deployed in particular framworks. However, for routine screening of
environmental samples and potential chemical formulation investigations, these conventional assays are not practical and
hinder expeditious progress. The development of alternative small-scale bioassays referred to as microbiotests has
significantly advanced throughput strategies. The microbiotest technology has several advantages in comparison to the
“traditional” tests based on laboratory cultures, especially its independence of the stock culturing burden.

The Daphtoxkit is a prime example of a microbiotest that has been effective and has enabled implementation of projects
worldwide otherwise not doable and has accelerated the advancement of research & development programs. Microbiotests
offer new opportunities for effects monitoring of chemicals and environmental matrices (effluents, leachates, interstitial waters,
etc). These can also contribute to increasing the cost efficiency and diagnostic potential of hazard assessment schemes.

Use of microbiotests is continuing to gather momentum for application in regulatory frameworks. Aquatic microbiotests,
invaluable for screening and ranking ecotoxic effects, their intrisic features can contribute to novel applications enabling rapid
detection and enhanced throughput.

Biological testing, and microbiotesting in particular, will indubitably increase significantly in environmental protection
activities in the future. International recognition of biotesting, and more critically owing to limitations in regional testing
infrastructure (lack of laboratories and culturing facilities), the implementation scope is globally significantly enhanced to
facilitate environmental policies, regulations and guidelines. The imperative need for cost efficiency in environmental
assessment continues to fuel the need for R & D concerning microbiotesting.

1.09.P-M0093 Protection over Prediction: Daphnids Safeguard the Use of Alternatives to the Acute Fish Toxicity Test
Martin Paparellat, Christoph Schuer?, Christopher Fassbhender, PhD?, Gilly Stoddart®, Marco Baity-Jesi* and Kristin
Schirmer®, (1)Medical Biochemistry, Medical University of Innsbruck, Austria, (2)Swiss Federal Institute of Aquatic Science
and Technology (Eawag), Switzerland, (3)PETA International Science Consortium Ltd., (4)Siam, Swiss Federal Institute of
Aquatic Science and Technology (Eawag), Switzerland, (5)Environmental Toxicology, Swiss Federal Institute of Aquatic
Science and Technology (Eawag), Switzerland

The assessment of potential environmental impacts of chemicals traditionally involves acute aquatic toxicity tests using algae,
daphnids, and juvenile fish, representing different trophic levels. As part of the international 3R goals, alternative tests like the
acute fish toxicity test with the fish cell line RTgill-W1 and the zebrafish embryo acute toxicity test were developed to replace
the juvenile fish test, which is in line with the European Chemical Strategy for Sustainability. A related OECD project to
develop Integrated Approaches to Testing and Assessment (IATAs) for acute fish toxicity is ongoing.

Previous studies revealed the lower sensitivity of these alternative tests for some neurotoxic chemicals and allyl alcohol, which
is biotransformed to the more toxic acrolein in fish. We analyzed historic toxicity data from the EnviroTox Database and found
considerable variability in acute fish LC50s and acute daphnids EC50s, particularly for neurotoxic chemicals. Comparing
sensitivity of these taxonomic groups according to different neurotoxicity classification schemes indicates that fish rarely
represent the most sensitive trophic level, especially among chemicals with neurotoxic modes of action, except for a few
cyclodienes, which are no longer relevant on the market and could be identified through structural alerts. Moreover, daphnids
were more sensitive than fish for allyl alcohol toxicity. This analysis highlights the potential of the standard Daphnia acute
toxicity test guideline in safeguarding the environmental protection level provided by alternative methods.

This research, rooted in decades of efforts to replace the juvenile acute fish toxicity test, expands the focus from predicting fish
toxicity to emphasizing environmental protection. This broader perspective enables the complete replacement of the juvenile
fish test within an IATA, standardized by the OECD. Furthermore, it paves the way for further eliminating vertebrate tests in
environmental toxicology.

1.09.P-M0094 Inorganic turbidity modifies the effect of glyphosate on Daphnia magna

Miriam Hernandez Zamora?, Laura Martinez-Jerénimo? and Fernando Martinez-Jerénimo?, (1)Instituto Politécnico Nacional
Escuela Nacional de Ciencias Biologicas, Mexico, (2)Escuela Nacional de Ciencias Biologicas, IPN, Mexico

Nowadays, glyphosate is the most widely used post-emergent herbicide in the world. Although it is stated that the ecological
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risks of glyphosate on non-target species are minimal, the potential carcinogenic effect of this pesticide on humans has been
demonstrated, as well as its toxic effects on aquatic biota. This situation has led to its use being banned in several countries. On
the other hand, organic turbidity related to soil erosion due to deforestation and unsuitable agricultural practices contributes to
an increase in inorganic turbidity in the aquatic environment, which affects non-selective filter-feeding zooplankton, such as
cladocerans. In this study, the effect of the presence of clays (40 mg L) on the acute and chronic toxicity (21 d) of the Faena®
glyphosate formulation in Daphnia magna was evaluated. The sublethal concentrations assessed were 2, 4, and 6 mg L™ as
glyphosate. The presence of clay slightly reduced the acute (48-h) toxic effect (LCso= 8.79 vs. LC50=9.69 mg L, respectively).
For chronic exposure, the three concentrations of Faena® reduced accumulated progeny. When clay was added, the fecundity
of D. magna was only reduced at the concentration of 6 mg L. In controls, clay reduced total progeny. The number of
clutches without clay was only lower at the highest concentration of glyphosate, and there were no differences at any
concentration when clay was added. The age of first reproduction was merely delayed by clay in the control and the
concentration of 2 mg L. In the glyphosate-only assays, there was an increasing number of abortions in direct relation to the
concentration. In contrast, in the clay experiments, abortions were only recorded in the control and the glyphosate
concentration of 6 mg L. Mortality was only significantly higher in glyphosate 6 mg Lt with no clay. The results indicate a
reduction in the toxic effects of the Faena® glyphosate formulation on D. magna, which could be due to a possible retention
effect due to the mineral clay charges on some toxic ingredients of the formulation Faena®, in addition to glyphosate.
However, it should be noted that both the toxicity of chemical pollution and the increase in inorganic solids in the aquatic
environment produce adverse effects on the biota, in addition to affecting essential processes such as photosynthesis due to the
interference with light by the increase in turbidity, and effects on filtration rates of zooplankton and benthic organisms.

1.09.P-M0095 Prediction of the toxicity of 14 compounds on Daphnia magna by using cultures of the yeast
Schizosccharomyces pombe

Consuelo Alvarez-Herrera, Sara Maisanaba, Maria Llana-Ruiz-Cabello and Guillermo Repetto, Universidad Pablo de
Olavide de Sevilla, Spain

The aim of this work was to compare the toxicities on the wild strain of S. pombe and D. magna to compare the sensitivity and
correlation among each experimental models. For all the compounds tested, the toxicity decreased in the following order:
triclosan, carbendazim, propylparaben, rotenone, paraquat, chloroquine diphosphate, hydrogen peroxide, perfluorooctanoic
acid, hydroxyurea, dibutylphthalate, carbamazepine, metoclopramide, melatonine and KCI.

Although D. magna is more sensitive than S. pombe, the correlation between the EC50 values obtained for the 14 compounds
in the wild strain of S. pombe at 20h and for the crustacean D. magna exposed for 48h was quite good (R2=0.9282). Therefore,
taking into account the limitations due to the small number of compounds tested, S. pombe allows the prediction of the range of
toxicity of the substances to D. magna, and, viceversa.

It should be noted that the compound that is furthest from the trend line was rotenone, which presented much lower toxicity for
S. pombe than for D. magna. This fact is understandable, since fission yeast does not have the main target of the toxic action of
the pesticide, that is, complex I. Furthermore, short term S. pombe cultures can be applied to predict the range of toxicity on D.
magna.

1.09.P-M0096 Assessing the Toxicity of Cytarabine in Daphnia magna Through Apical and Cellular Endpoints
Madalena Vieira®, Moslem Malek Shiri?, Ana Carolina Matias?, Susana Loureiro®, Marta Martins* and Maria D Pavlaki®,
(1)University of Aveiro, Portugal, (2)Biology, Department of Biology, University of Aveiro, Campus Universitario de
Santiago, Portugal, (3)CESAM-Centre for Environmental and Marine Studies and Department of Biology, University of
Aveiro, Portugal, (4)MARE - Marine and Environmental Sciences Centre, NOVA School of Science and Technology, Portugal,
(5)University of Aveiro & Centre for Environmental and Marine Studies (CESAM), Portugal

Due to the growing number of cancer cases, the occurrence of antineoplastic agents (AAs) in the environment is increasing,
posing a significant threat to aquatic ecosystems. The primary sources of AAs’ entry into the environment include hospital
effluents, household discharges, and pharmaceutical manufacturing. Due to inadequate removal during wastewater treatment
plant, AAs persist in surface, ground, and drinking water. AAs are one of the least studied groups concerning environmental
impact and have been considered to represent specific risks to non-target aquatic species due to their mode of action. The aim
of this study is to assess the effects of cytarabine (CYT) on the survival and reproduction output as well as analyze the
biochemical alterations that it may induce to Daphnia magna. CYT is an AA that disrupts the DNA replication process,
inhibiting the synthesis of deoxyribonucleic acid (DNA) in cells. To achieve this, D. magna individuals were exposed to a
range of concentrations according to the OECD 202 and 210 guidelines and effects on their survival and reproduction were
evaluated. For a more comprehensive understanding of the toxic effects of CYT, the activity of catalase (CAT), glutathione S-
transferase (GST), acetylcholinesterase (AChE), and lipid peroxidation (LPO) were measured after 21 days of exposure. The
results from the acute exposure showed no mortality at concentrations of up to 100 mg/L, while the reproduction test
demonstrated a significant reduction in the offspring of D. magna across nearly all tested concentrations with the lowest
concentration the exception. A 21 d ECs of 20.65 + 1.51 mg/L was obtained, with the highest concentration promoting almost
a total inhibition to the offspring output. Regarding the biochemical determinations, no significant alterations were observed
for CAT, GST and LPO, however, for AChE a decrease in activity was observed with significant differences at one of the
concentrations tested. The results obtained in this study indicate that, despite not being able to induce alterations in short-term
exposures, CYT can negatively impact the reproductive system of D. magna and compromise its offspring. Even though the
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chronic ecotoxicological data presented in this study highlight the potential risk associated with AAs, effects are observed at
concentrations that are not environmentally realistic.

1.09.P-M0097 Model species culturing made easier using an automated device: case study D. magna

Sizenando Nogueira Abreu'?, Fatima Jesus®, Ines Domingues®, Amadeu M.V.M. Soares®, Rui Martins®# and Miguel Oliveira
e Silva®4, (1)CESAM & Department of Biology, University of Aveiro, Portugal, (2)TekenBio, Portugal, (3)CESAM -
Department of Biology, University of Aveiro, Portugal, (4)leeta - Deti, University of Aveiro, Portugal

The pollution of environmental components is being characterised by the appearance of new toxicants, multicomponent
emissions and discharges, pollutants speciation in the air, water and soil, or other complex processes. Bioassays allow to
determine the integral toxicity of the studied environment and extrapolate the data obtained to real ecosystems. To optimize
results, it is necessary to consider the sensitivity of the biological species to toxicants, the adaptive capabilities of organisms in
the environment, as well as the action of a complex of abiotic (temperature of cultivated water, its chemical composition,
season of the year) and biotic factors (such as seeding density). The need to combine chemical methods and bioassays is a
generally recognised trend in planning environmental studies. One of the key points to optimisation resides on the culture of
model species, where standardisation of the conditions for test organisms have been promoted; however, routine monitoring of
cultures requires effort and time.

This work aims to evaluate an automated computerised device assisting culture monitoring of model species, leading to easy
routine monitoring. The work presents a case study using Daphnia magna, and considering some life history traits of D.
magna, such as survival time, body length at maturation, and offspring per female.

The counting of neonate production can be easily achieved by using automated device, contrary to what is required by manual
counting. Some other life history traits, such as time to maturation, time to first brood, and time to next brood, are also
evaluated using the automated computer device. The discussed approach can be applied assisting routine monitoring model
species demographic characteristics, complementing already implemented procedures of test-cultures standardisation, selecting
organisms of similar size, saving time, avoiding human error, and improving culture synchronisation, by predicting the time
when offsprings might occur.

1.09.P-M0098 Daphnia magna as an Indicator for Aquatic Species in the Non-target Risk Assessment of Genetically
Modified Maize

Michael Peter Meissle, Research Division Agroecology and Environment, Agroscope, Switzerland

Similar to pesticides, genetically modified (GM) GM crops are regulated worldwide and environmental risk assessment is one
requirement for environmental release. As a surrogate for aquatic species, non-target tests of GM crops often include Daphnia
magna. Developing suitable test protocols for GM plants and D. magna has been challenging, because plant material needs to
be ingested by the test organisms (oral mode of action). We here present laboratory studies with insect-resistent GM maize
producing multiple Cry proteins from the bacterium Bacillus thuringiensis. Our experiments address several difficulties with
such studies, including the suitability of crop plant material as food for D. magna, the separation of Bt protein-effects from
plant background effects, and the interpretation of effects in the context of biological relevance and natural range of variation.
Daphnia magna can survive, grow and reproduce when fed only maize materials, although the performance was poorer than
when fed algae, which indicates nutritional stress. Adverse effects were observed for Bt maize flour, originating from different
production fields and years, but not for leaves or pollen, produced from plants grown concurrently in the glasshouse. Because
leaves contained eight to ten times more Cry protein than flour, the effects of the flour were probably not caused by the Cry
proteins, but by compositional differences between the plant backgrounds. Larger differences in life table and population
parameters of D. magna were observed among 5 different non-GM maize lines, which were tested in a similar way to obtain a
natural range of variation for each parameter. The protocols established for testing GM crops on D. magna could also be
adapted for other orally active substances including, e.g., systemic or RNAi-based pesticides.

1.09.P-M0099 Dearbhla, the Daphnia, and her research highlights

Katie Reilly! and Iseult Lynch?, (1)University of Birmingham, United Kingdom, (2)School of Geography, Earth and
Environmental Sciences, University of Birmingham

Daphnia are a fantastic model for research, but also for research communication. The Daphnia Detectives project, was
developed to communicate our research findings on the impacts of microplastics in freshwater environments using Daphnia as
a model organism. The project consists of a bank of open access online resources that cover the topic of microplastics and
Daphnia, from experimental design stages through to example results and data sets that can be used to explore data analysis
themes within the high school curriculum context.

A pillowcase, some pegs and pink particles form an integral element of the Daphnia detective’s activities, and are a good
example of how every day and specialist items can be blended to fit science communication needs. Some of the key lessons
from this project was to have a range in the level of detail and complexity, as not all schools or groups have the same baseline
level of understanding. Through engaging the pupils, it also highlighted aspects of the research that we don’t give a second
though to, such as the ethical consideration of research designs. Although this is a standard part of the research process, it is
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refreshing to reconsider and evaluate the developments in this area, demonstrating that science communication and public
engagement isn’t just disseminating information but is a valuable experience for researchers too.

The importance and use of model organisms with research communication can further be supported through the Dearbhla
Daphnia mascot, which showcases an interactive and creative way to quite literally bring Daphnia into the public domain and
spark discussions on the importance of water quality, moving beyond an anthropocentric view to explore the ecosystem level
consequences of this in an engaging and novel way. A unique mascot design, and project approach, facilitates discussions
beyond those which would conventionally take place within Daphnia, or environmental, research and can bring this research
and the big challenges being explored to audience which perhaps would not have traditionally engaged. This project showcases
a range of medium and platforms focussed on Daphnia, that can be used to disseminate but also engage people in research
from the conception of projects and experimental designs, which could be of interest to other people working with the Daphnia
domain.

1.09.P-M0100 Development of a Transcriptomics-based Testing System to Identify Environmental Stressors in
Freshwater Invertebrates using Daphnia pulex as a Model Organism

Jake Bowley?, Rob McFarling®, Anke Lange?, Sarah Woodsford?, Gregory C Paull®, Ceri Lewis?, Aaron Jeffries®, Jonathan
Ray Newman? and Eduarda Santos?, (1)University of Exeter, United Kingdom, (2)Environment Agency (England), United
Kingdom

Chemical pollutants alone and as part of complex mixtures are a key challenge for aquatic freshwater ecosystems, especially
when they occur in combination with other biotic or abiotic stressors. Freshwater catchments often receive complex mixtures
of chemicals, including pesticides associated with farming activities. Assessing the impact that these chemicals may have on
aquatic organisms continues to be challenging and this knowledge gap is particularly notorious for aquatic invertebrates.

In collaboration with the Environmental Agency in the UK, we set out to develop a novel approach to assess the potential
adverse effects that chemicals associated with farmland catchments may have on freshwater invertebrates. To do so, we
selected Daphnia pulex as a model species given its widespread range in the UK and across many temperate regions
worldwide, the ease of culture in the laboratory and the genomic resources available. We set out to use whole body
transcriptomics to assess the molecular effects of a selection of pesticides of concern both individually and as part of complex
mixtures. This information will then be utilised to design a transcriptomics based assay capable of detecting low levels of
stress following chemical exposures in this species. This methodology will function as an early warning system for adverse
effects of chemical contamination in freshwater ecosystems and support management and conservation decisions in the future.

1.09.P-M0101 Long-term Consequences of a Mosquito Control Agent on Insect Emergence — Insights From a Four
Year Mesocosm Study

Agnes Schondorfer?, Sara Kolbenschlag?, Peer Bauspiess® and Mirco Bundschuh?, (1)University of Kaiserslautern-Landau
(RPTU), Germany, (2)nEcoTox GmbH, Germany, (3)Eusserthal Ecosystem Research Station, RPTU Kaiserslautern-Landau,
(4)Institute for Environmental Sciences, RPTU Kaiserslautern-Landau, ., Germany

Specialized riparian predators rely mostly on aquatic derived food. Changes in the emergence pattern of aquatic insects may
thus have substantial consequences on prey availability for these predators with potential risks for associated terrestrial
foodwebs through bottom-up and top-down regulation. Bti (Bacillus thuringiensis var. israelensis), a commonly used non-
chemical pesticide applied to control mosquito outbreaks in floodplain areas, is known to also affect non-target insects
including Chironomidae. This effect is particularly concerning as Chironomidae can contribute up to 90% to emergence in
some ecosystems. To understand the long-term consequences of Bti exposure we employed the so-called floodplain pond
mesocosm (FPM) system monitoring insect emergence over the course of 4 years. During these 4 years, we collected emerging
insects using emergence traps from the ponds with Bti application at field relevant levels, although using different application
intervals, being the independent factor (stressor). Emergence was collected between April and August starting in 2020 until
2023. Equal seasons of the investigated years are compared to understand long-term consequences of varying application
intervals. While most samples are still under evaluation, data from the first year of exposure uncovered a shift of the peak
emergence by 10 days combined with a 25% reduction in Bti treated ponds. We expect to see a habituation of emergence
dynamics in the second and third year where treatment intervals are kept similar to the first year followed by a stronger
reduction on the emergence of Chironomidae with shorter treatment intervals.

1.09.P-M0102 Beyond Microplastics: Water Soluble Synthetic Polymers Exert Sublethal Adverse Effects In The
Freshwater Cladoceran Daphnia magna

Simona Mondellini', Matthias Schott?, Martin G.J. Loder?, Seema Agarwal®, Andreas Greiner? and Christian Laforsch?,
(1)University of Bayreuth, Germany, (2)Animal Ecology I, University of Bayreuth, Germany, (3)macromolecular chemistry Il,
University of Bayreuth, Germany, (4)University of Bayreuth, Animal Ecology I, Germany

Plastic contamination can be considered a driver of global change. Nevertheless, polymer contamination is not limited
exclusively to microplastic (MP). Water soluble polymers (WSP) are in fact a class of highly employed compounds whose
prevalence and impact have been neglected until recent years. WSP are used in several industrial, dietary, domestic and
medical products and are often applied for waste water treatment. Despite they cannot be seen washing up on shores like MP
do, WSP are found to be present in the environment and hence can potentially interact with the biota. In this work we exposed
the freshwater cladoceran Daphnia magna to five commonly used WSP. For our investigations we relied upon a 48h acute
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toxicity test and a 21d chronic toxicity test at the end of which we analyzed the levels of reactive oxygen species and life
history parameters. Furthermore, we developed a heartrate acute assay to assess any early stage physiological alteration. Our
results highlight that the employed WSP do not exert any acute effect, however they did induce life history alterations together
with an altered oxidative status. The recorded effects not only can potentially alter D. magna’s population dynamics, and
thereby, given this species relevancy in lentic ecosystems, impact also higher trophic levels and the biological community.
Therefore, further investigations on WSP’s effects are highly desirable and their inclusion in hazard assessment regulations is
urgently needed.

1.09.P-M0103 The effects of Dexmedetomidine on the behaviour of crustaceans: lab to field approach

Elea Giraud?, Susanne Vogeler?, Daniela Famoso?, Matthew Parker?, Samuel Robson® and Alex Ford?, (1)University of
Portsmouth, United Kingdom, (2)School of Biological Science, University of Portsmouth, United Kingdom, (3)University of
Surrey, United Kingdom

Dexmedetomidine is an a2-adrenergic receptors agonist and was originally authorised as a human/veterinary sedative but is
now an active ingredient in antifouling paint for boats. In crustaceans, it is known to bind to octopamine receptors, which like
other neurohormones, cascade to control many biological functions including behaviour. The aim of this study was to
determine whether exposure to Dexmedetomidine can alter the behaviour of marine amphipods (Echinogammarus marinus)
and juvenile crabs (Carcinus maenus) under laboratory conditions using both Zantiks and Daniovision behavioural analysis.
Amphipod specimens were exposed to concentrations between 0.1 and 100pg/L with behaviour recorded at 24h, 72h, 96h, 7d,
and 14d of exposure and compared to controls and octopamine exposed individuals. Exposure significantly increased activity
and distance travelled of individuals compared to controls in both amphipods and juvenile crabs, with an interesting non-
monotonic concentration effect observed. Using acoustic telemetry, we then set out to determine whether these results could be
replicated in the field to test how effects recorded in the laboratory may relate to in situ ecology. To do so, adult C. maenas
crabs were sampled in Portsmouth, UK and gradually acclimated to 24%o. salinity before being exposed 1 and 100ug/L of
Dexmedetomidine and 1ug/L of octopamine and serotonin. Individuals were tagged using V5 180Khz tags and released into a
saline lake, where their position was estimated using four HR2 receivers (Innovasea) deployed 200 meters apart. Preliminary
results indicate that the distance travelled by adult shore crabs was increased for individuals exposed to Dexmedetomidine in
the first 96 hours, effects consistent with those observed in laboratory experiments performed on juveniles C. maenas crabs
and E. marinus amphipods. Increased activity was persistent over the 12-week in situ period, for individuals exposed to the
highest concentration of 100pg/L. Increased activity was also translated in an increase of home range area used by C. maenas
exposed to 100ug/L of dexmedetomidine. Further results will aim to determine whether exposure to Dexmedetomidine may
affect other aspects of their ecology, such as their mortality and diurnal rhythms. The field experiment represents the first
acoustic telemetry project with crabs, looking into the behavioural effects of an environmental contaminant.

1.10.A Legacy and Emerging Contaminants in Wildlife: Recent Advancements in Ecotoxicology and Risk Assessment

1.10.A.T-01 Per- and polyfluoroalkyl substances levels and effects in Finnish Waterbirds

Céline Arzel?, Sunniva Frayland?, Silje Peterson?, Elise Lunde?, Prescillia Lemesle?, Anne-Fleur Brand?, Amalie Ask?, Seyyed
Sajjad Vakili4, Junjie Zhang?, Tomasz Ciesielski®, Alexandros G. Asimakopoulos?, Bin-Yan Hsu®, Kristina Noreikiene’, Suvi
Ruuskanen®, Juho Jolkkoneng, Titiksha Peetumber?, Salla Lahdentausta!, Eeva-Riikka Vehnidinen'?, Katja Anttila Anttila?,
Kang Nian Yap?, Mary Ann Ottinger®, Stefan Bjorkman', Nora M. Wilson?!, Christian Sonne'?, Sanna Koivisto!3, Tapio Eeva?,
Martin Hansen* and Veerle L. B. Jaspers?, (1)Department of Biology, University of Turku, Finland, (2)Norwegian University
of Science & Technology (NTNU), Norway, (3)Department of Biology, Norwegian University of Science and Technology
(NTNU), Norway, (4)Dept of Biology, University of Turku, Finland, (5)Department of Biology, Norwegian University of
Science & Technology (NTNU), Norway, (6)University of Turku, Finland, (7)Institute of Veterinary Medicine and Animal
Sciences, Estonian University of Life Sciences, Estonia, (8)University of Jyvaskyld, Finland, (9)University of Houston,
(10)Faculty of Veterinary Medicine, University of Helsinki, Finland, (11)Faculty of Science and Engineering, Abo Akademi
University, Finland, (12)Bioscience, Aarhus University, Denmark, (13)Finnish Safety and Chemicals Agency (Tukes), Finland,
(14)Aarhus University, Denmark

The increased presence of endocrine disrupting chemicals (EDCs) in our environment poses a significant threat to wildlife. In
the Baltic region, the common eider (Somateria mollissima) and the common goldeneye (Bucephala clangula) breeding
populations have been declining in recent decades. While predation plays a significant role in this decline, other stressors may
also contribute to this process. Notably, there is a growing sex ratio bias towards males in the adult populations of these 2
species as in several other species, high hatching failure in monitored eider colonies and general decline in the breeding
success of both species. These observations have raised the question of whether EDCs might be involved in these processes.

We investigated the presence of 41 Per- and polyfluoroalkyl substances (PFAS) among other EDCs in eider (plasma and eggs)
and goldeneye (plasma). Our research confirms the presence of a variety of PFAS in breeding females of both species. We are
currently assessing if the PFAS exposure is associated with thyroid hormone levels; results will be presented at SETAC. We
further assessed the link between PFAS and Avian Influenza Virus (AlV) occurrence in breeding females. Among the 45
sampled individuals, 75% were positive to AlIV. Preliminary results did not show a relationship between PFAS exposure and
presence of antibodies for AIV. We demonstrated a transfer of PFAS from female eiders to their eggs (18 PFAS among the 41
tested). In addition we have uncovered a positive correlation between the sum of 5 PFAS, among which perfluorododecane
sulfonic acid (PFDoDS), and androstenedione (androgen and sex hormone precursor) in eggs with female embryos raising
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concern on PFAS endocrine disrupting effects on female embryos. Following these results, an in ovo injection experiment with
perfluoro-4-ethylcyclohexane sulfonic acid (PFECHS), PFDoDS and perfluorooctane sulfonic acid (PFOS) was carried out at
NTNU, Norway with farmed mallard (Anas platyrhynchos) eggs. Results from different oxidative stress endpoints will be
presented.

Our findings underscore the need for further studies on PFAS in waterbirds and their population level impacts.

1.10.A.T-02 Urban Stressors on Avian Immune Defenses: Impact of pollution on Viral challenge via Poly 1:C in great tit
and blue tit nestlings

Shivani Ronanki', Matteo Schiavinato?, Ignacio Miro Estruch® and Nico van den Brink?*, (1)Department of Toxicology,
Wageningen University & Research (WUR), Netherlands, (2)University of Padova, Italy, (3)Toxicology, Wageningen
University & Research (WUR), Netherlands, (4)Wageningen University & Research (WUR), Netherlands

Rapid urbanization driven by human population growth alters landscapes, increases emissions, and disrupts habitats. This
affects biodiversity, especially in birds adapted to city life, where chemical exposure is an indirect outcome. Most
physiological research often focuses on human and poultry interactions, leaving gaps in understanding of how free-living birds
respond to environmental chemicals. Urban areas have elevated air pollution, encompassing ozone, metals, nitrogen oxides,
and particulate matter. Exposure to which induces oxidative stress, disrupting cellular balance.The innate and acquired immune
system, regulated by antioxidant systems, becomes susceptible to oxidative stress. While most studies showed baseline
immune parameters impacted in urban areas, few employ standard approaches, like immune challenges, to assess pollution's
impact on pathogen response. Notably, studies of this nature used LPS and to our knowledge no study has explored how urban
birds respond to viral challenges. Given the rising rates of avian influenza, understanding how pollutants affect birds' ability to
establish anti-viral responses is crucial. To address this, we conducted a field experiment on great tits (Parus major) and blue
tits (Cyanistes caeruleus) breeding in polluted (Rhenen) and clean (Wageningen) sites in the Netherlands. Pasive NO2samplers
were installed at each box. On days 8 and 15 post-hatch, mass, tarsus, and wing were recorded to estimate body condition. On
day 13, four chicks within each box were selected, with two receiving a Poly I:C injection, and two a saline as control. Two
days later, a blood sample was extracted, and the four chicks were euthanized for further analysis. Immune parameters,
including haptoglobin (acute phase protein), immune cell counts, and Poly I:C specific gene expression (TLR3, RIG-1, IL-6, &
IRF-7) were assessed and related to NOz levels. Preliminary results suggest that the atmospheric NO; levels were four fold
higher in polluted site compared to the clean site and the NO, was positively correlated to baseline haptoglobin. However,
when challenged with Poly I:C, nestlings in clean site exhibited a more robust immune response, with increased haptoglobin
and higher immune cell counts compared to nestlings challenged in urban site. Additional analyses are pending, including the
assessment of internal heavy metal concentrations and the incorporation of immune gene expression to explore the mechanistic
pathways of Poly I:C.

1.10.A.T-03 Quantify Exposure Levels of Non-persistent Chemicals in Wildlife from Tissue Concentrations, by Reverse
Dosimetry Modelling using PBK-Models

Bohan Hut and Nico van den Brink?, (1)Toxicology, Wageningen University & Research (WUR), Netherlands, (2)Wageningen
University & Research (WUR), Netherlands

Wildlife is exposed to different chemicals in the environment. To assess risks that such chemicals may pose, it is essential to
have quantified insight in exposures. Monitoring of exposures in wildlife can be based on e.g., non-destructively collected
samples or by using samples obtained from animals found dead. Historically, this has focused on legacy chemicals, including
POPs for which interpretation of tissue concentrations is relatively straightforward. Their concentrations are directly related to
(historic) uptake and often increase over time. Therefore, measured concentrations in tissues cover current and historic
exposures and hence, risks. However, Contaminants of Emerging Concern (CECs) include chemicals that are less persistent,
which can be metabolized by wildlife. For these, concentrations in tissues may decrease over time, making interpretation of
(historic) exposure levels based on tissue concentrations difficult, often resulting in underestimation of risks. For such
chemicals tissue concentrations are depending not only on levels of exposure but also on the capacity of the organism to
metabolise it and the time between collection of the samples and the actual exposure. Physiological Based Kinetic (PBK-)
models have been developed to quantify tissue concentrations of chemicals in organisms, based on exposure levels. In the
current paper we present PBK-models for non-persistent pesticides, imidacloprid and carbendazim, for mouse (Mus musculus)
and rat (Rattus norvegicus), and we will discuss the need for species specific and chemical specific rate constants for uptake
and metabolism. These models include phase | metabolism, both total depletion of the parent compound as well as the
formation of major phase | metabolites, and also the depletion of the phase-I metabolite, by phase Il metabolism. This allows
to quantify time-trends of concentrations of both parent compound as well as major metabolites. We will use these PBK-
models for an innovative reverse dosimetry approach, which can be used to quantify oral exposures based on internal tissue
concentrations. For this, the time between exposure and sample collection will be assess based on the ratios of the
concentrations of parent compound/metabolites, which increase over time, and can be used to base the reverse modelling of the
exposures. We will apply the approach on experimentally obtained data for wood mouse (Apodemus sylvaticus) and discuss the
applicability of this new approach.

1.10.A.T-04 EXPOSO-METER: Characterizing the lifelong exposure (exposome) to environmental mixtures of
pollutants at high trophic levels in Arctic marine mammals
Elisa Rojo-Nieto?, Eva Barbara Reiter', Angelina Miller?, Chistian Sonne3, Rune Dietz® and Annika Jahnke?4, (1)Department
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of Ecological Chemistry, Helmholtz Centre for Environmental Research (UFZ), Germany, (2)RWTH Aachen University,
Institute for Environmental Research, Germany, (3)Department of Ecoscience, Aarhus University, Arctic Research Centre
(ARC), Denmark, (4)Department of Exposure Science, Helmholtz Centre for Environmental Research (UFZ), Germany
EXPOSO-METER aims to provide access to the exposome by offering practical, economical and easy-to-use chemometers that
allow for the identification, characterization and direct comparison of mixtures of environmental pollutants from multiple
organisms, species and matrices. The chemometer approach is based on passive equilibrium sampling, and EXPOSO-METER
aims to combine chemometers with advanced chemical profiling to integrate the lifelong exposure of environmental organisms
to mixtures of pollutants. As chemometers are defined as a common reference phase, the chemical concentrations in the
chemometers at equilibrium can be directly compared between organisms, circumventing normalizations. In this work, silicone
chemometers have been used to analyze legacy and emerging hydrophobic organic pollutants (HOCs) present in 84 lipid-rich
tissues from Arctic marine mammals collected in the sorroundings of Tasiilaq and Kulusuk, at the southeast coast of
Greenland. Samples of pilot whales, white-sided dolphins, white-beaked dolphins, narwhales, orcas and polar bears were
analyzed. Circa 100 compounds were quatified (by gas chromatography coupled to high-resolution mass spectrometry),
including polycyclic aromatic hydrocarbons (PAHS), polychlorinated byphenyls (PCBs), polybrominated diphenyl ethers
(PBDEs), pyrethroids (PYRs), chlorinated hydrocarbons (CHCs), organochlorine pesticides (OCPs), musk compounds, UV
filters and antioxidants., and sex- and size/age-related patterns and intraspecies differences of contaminant exposure were
investigated.

The results indicate that considering the fraction of each group of compounds in the total mixture, PCBs and OCPs were there
predominant compound groups in all species, showing large variety between species, e.g. PCBs ranging from 35% in white-
beaked dolphins to 68% in polar bears. Other groups of chemicals, like musk compounds, PAHs or PYRs show largely
differing percentages in the different species that ranged across 2 orders of magnitude. The results also indicate interspecies
differences in contaminant exposure, but no clear intraspecies differences, evaluated as sex- or size-related patterns. Within
this project, chemometers will help to capture and understand the lifelong exposure of environmental organisms to mixtures of
pollutants to strengthen the study of the exposome.

1.10.B Legacy and Emerging Contaminants in Wildlife: Recent Advancements in Ecotoxicology and Risk Assessment

1.10.B.T-01 Pesticide contamination in bats: a case study on Greater Mouse-eared Bat in an agricultural and natural
area in Southern Poland

Olha Timofieieva® and Ryszard Laskowski?, (1)Biology, Jagiellonian University, Poland, (2)Jagiellonian University, Poland
Agricultural production across the world is highly dependent on the use of pesticides, which can be extremely dangerous to
non-target arthropods, and especially to predators, which feed on insects, such as bats. According to the legal regulations in the
EU, farmers are obliged to spray insecticides exclusively after sunset to limit the hazard to bees and other pollinators on the
flowering cultures (e.g. oil-seed rape), which is the time when bats start to forage, potentially exposing them to high
contamination risk.

The primary ways of poisoning bats with pesticides are the ingestion of contaminated food and water, inhalation and dermal
contact. Taking into account that the activity of bats coincides with the recommended insecticide application time (evening and
night) and considering the extremely high metabolic rate of bats as well as the large surface area of the wing membrane, we
wanted to check if bats are directly exposed to pesticides.

To answer this question, we collected samples of insects and bat fur in two study areas — agricultural and natural ones in
Southern Poland during May and June 2022 and 2023. Additionally, 15 carcasses of bats were collected for analysis from the
agricultural area for pesticide screening in internal organs, such as kidneys and liver and also wing membrane. An agricultural
area, where pesticides are regularly applied, was Slezany village with a summer roosting colony of greater mouse-gared bat
(Myotis myotis) in the school building. Our control site was in Sokole Gory nature reserve, where a large colony of M. myotis
inhabits the Studnisko Cave. We used chromatographic analysis (GC/MS and HPLC/MS) to screen bat fur, wing membrane,
kidneys and the liver and Carabidae beetles for the presence of pesticides.

We found in bat tissues and beetles 42 pesticides among 423 substances screened of which 23 were fungicides; 17 —
insecticides and 2 were herbicides. Among these, 4 substances are currently banned in the EU: hexachlorobenzene, dieldrin,
DDT (DDE, DDD) and chlorpyrifos. DDT and its metabolites (DDD and DDE) were present in bats and carabids from both
the agricultural and natural areas, confirming the extremely long residence time of these compounds in the environment.
Fortunately, in a comparison with concentrations found by other researchers in insectivorous bats which were poisoned by
pesticides, the concentrations found in our study were lower and probably did not affect bat survival.

1.10.B.T-02 Calibration of mechanistic effect models for amphibians - challenges and solutions

Simon Ewald Hansul and Andreas Focks, Institute of Mathematics, Osnabriick University, Germany

Mechanistic effect models (MEMs) serve multiple useful purposes in a holistic risk assessment (RA) of chemicals to
amphibian populations. A pivotal step in the development of MEM s is the development of physiological baseline models,
which will have a large impact on the accuracy of predicted chemical effects. Generic models, such as Dynamic Energy
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Budget (DEB) models, require adaptations to account for the specific life-history of amphibians. These deviations introduce
difficulties in the estimation of DEB parameters from life table-data. Without manual intervention, common calibration
routines often fail to correctly predict the timing of life stage transitions. We therefore provide an approach to calibrate
mechanistic effect models, specifically developed for amphibian models. This approach is designed to minimize the necessity
for manual intervention by modelling experts during the calibration, propagate uncertainties of parameter estimates and allow
for varying levels of detail in the calibration data. We implemented a model based on Dynamic Energy Budget (DEB) theory,
including adaptations to account for amphibian physiology. The calibration scheme progresses in multiple steps, where the
starting point is a set of correlated probability distributions of DEB parameters which match the distributions of central
physiology and life-history characteristics across a variety of amphibian species. This is followed by multiple parameter
estimations, dealing successively with different life stages and transitions between life stages. Through the use of Approximate
Bayesian Computation, the parameter uncertainty is propagated throughout the parameter estimation scheme. This scheme was
applied in a case study using available Xenopus laevis growth data and resulted in a good fit to the data, including the timing of
metamorphosis. Completing the calibration for a few data-rich species allows to use the gathered information to perform
calibrations for data-poor species. At the minimum, estimates of age and body mass at life stage transitions are needed to
perform parameter corrections for data-poor species. The approach will further be extended to the calibration of toxicity
submodels, yielding whole life-cycle models which can be used to address risk assessment questions. This increases the
applicability of the calibration approach to a wide range of species, helping to improve the environmental relevance of
mechanistic effect models in the application of RA.

1.10.B.T-03 Selenium accumulation and effects on freshwater turtle species from Tablas de Daimiel National Park
(Spain)

Maria Mercedes Andres?, Manuel Ortiz Santaliestra? and Rafael Mateo?, (1)Toxicology, Institute for Game and Wildlife
Research, IREC (UCLM-CSIC), Spain, (2)Instituto de Investigacion en Recursos Cinegéticos (IREC) CSIC-UCLM-JCCM,
Spain, (3)Wildlife Toxicology, Instituto de Investigacion en Recursos Cinegéticos (IREC) CSIC-UCLM-JCCM, Spain

The Tablas de Daimiel National Park (TDNP) is a Mediterranean alluvial plain formed by Cigliela and Guadiana rivers,
located in the semi-arid region of central-southern Spain. It is declared a Biosphere Reserve, listed as a Wetland of
International Importance by the Ramsar Convention and belongs to the European Natura 2000 Network. The wetland is
threatened by the overexploitation of freshwater resources, aggravated by climate change. Pollutants reach the wetland through
water seepage from surrounding agricultural lands and upstream WWTP discharges. Thus, high concentration of metals and
metalloids of anthropogenic origin could be expected in the Park, as shown by previous studies detecting high levels of Se in
sediments and biota. Although Se is an essential element due to its antioxidant properties, at toxic levels it interferes with
sulfur-containing molecules and causes different effects like reproductive failure or abonrmalities in the tegumentary. We
hypothesize that freshwater turtles from TDNP affected by increased Se accumulation could suffer shell malformations
because of the high proportion of sulfur-rich amino acids in the keratin covering the carapace. In July 2018, we captured 6
European pond turtles (Emys orbicularis). In October 2023, we captured 18 Iberian pond turtes (Mauremys leprosa) from the
area within the Park with highest Se levels. All individuals were sexed, weighed and measured for shell curvature, and 1 mL
blood was taken from the occipital sinus together with a sample of carapace scales to determine Se levels by ICP-MS. High
incidence of E. orbicularis individuals with keratinization abnormalities and loss of shell keratin plates was detected. Turtles
showing these abnormalities had close-to-significantly higher levels of Se than unaffected ones in both blood (p=0.06). Se
levels in blood and scales were correlated (p=0.036). Our results suggest that Se exposure could be the reason for the observed
abnormalities and allow us to determine that the malformations in E. orbicularis carapace are susceptible to occur blood Se
levels above 6.1 mg/kg d.w.

1.10.B.T-04 ELSATA: Update on a Thyroid-Focused Alternative to the Larval Amphibian Growth and Development
Assay (LAGDA)

Lennart Weltje, Prof. Dr.%, Jeffrey C. Wolf?, Brittanie Peake® and Douglas J. Fort?, (1)Agricultural Solutions - Ecotoxicology,
BASF SE, Germany, (2)EPL, Inc., (3)Fort Environmental Laboratories, Inc.

The Larval Amphibian Growth and Development Assay (LAGDA, OECD TG 241) was designed as a higher tier in vivo assay
meant to provide data on adverse effects of substances on thyroid-mediated endpoints. As a level 4 test within the OECD
Conceptual Framework on Endocrine Disrupters Testing and Assessment, it is a final step of testing in the ECHA-EFSA
testing scheme for the thyroid modality, to be utilised in case a Level 3 Amphibian Metamorphosis Assay (AMA, OECD TG
231) indicates thyroid activity of a substance and thus, the need for the generation of additional data. However, the LAGDA is
not limited to generating endpoints related to the thyroid modality, as the second half of the study is focused on the estrogen,
androgen and steroidogenic (EAS) modalities. Considering that the triggering of a LAGDA is based on concerns around the
thyroid axis, questions have been raised as to the value of this additional 10-week period in the study for identifying any
additional effects related to (anti)thyroidal activity of substances. Initiation at NF stage 8-10 considers embryo-larval and pre-
metamorphic development, already providing a means for assessing potential alternative modes of action and discriminating
non-endocrine from endocrine toxicity. Additionally, for the purpose of an assessment on the thyroid modality, generating
unrelated data causes needless animal welfare concerns. In an effort to focus on the core strength of LAGDA, we have
investigated a modified version of the study, named the ELSATA (Early Life Stage Amphibian Thyroid Assay), which only
considers endpoints related to the thyroid modality. In doing so, animal welfare is emphasized, as fewer individuals are used
for a shorter total duration, and without decreasing the amount of thyroid-specific data generated. Two thyroid-active

SETAC Europe 34" Annual Meeting 123



substances, benzophenone-2 (BP-2) and perchlorate (study ongoing) are used to evaluate the practicability of the ELSATA
model.

1.10.P Legacy and Emerging Contaminants in Wildlife: Recent Advancements in Ecotoxicology and Risk Assessment

1.10.P-We036 Pipping, Hatching, Sex Ratio and Gene Expression Changes in Ducklings Exposed In Ovo to Emerging
Per-/Poly-Fluoroalkyl Substances

Anne-Fleur Brand?, Junjie Zhang!, Tomasz Ciesielski>®, Céline Arzel*, Veerle L. B. Jaspers!, Kang Nian Yap! and Silje
Peterson?, (1)Norwegian University of Science & Technology (NTNU), Norway, (2)Department of Biology, Norwegian
University of Science & Technology (NTNU), Norway, (3)University Centre in Svalbard (UNIS), Norway, (4)Department of
Biology, University of Turku, Finland

Effects of per- and polyfluoroalkyl substances (PFASs) have been observed in wildlife for various endpoints such as oxidative
stress, neurotoxicity, immunotoxicity, endocrine disruption, reproduction, and biomass reduction. Although many studies show
that environmental PFASs concentrations adversely affect the health of wildlife species, the establishment of a clear link
between PFASs exposure and its toxicity is often hampered by unknown effects of additional factors such as environmental
conditions, occurrence of co-contaminants, and age and sex of the investigated species. Therefore, exposure experiments under
controlled laboratory conditions are needed to plausibly link PFASs exposure to effects in wildlife.

Here, we studied the effects of two unregulated PFASs compounds; perfluoro-4-ethylcyclohexane sulfonic acid (PFECHS) and
perfluorododecane sulfonic acid (PFDoDS), alongside the regulated perfluoro octane sulfonic acid (PFOS). Both compounds
have been detected in samples from wild bird species. Furthermore, a sex ratio bias towards males has been found in wild
ducks. Various PFASs have been shown to interfere with transcriptional pathways linked to growth, development, and
reproduction. MicroRNASs are a class of small noncoding RNAs that are involved in the regulation of gene expression at the
posttranscriptional level. For certain microRNAS, expression changes have been found after exposure to PFOS and other
pollutants. However, the effects of PFASs exposure on microRNA profiles during ontogeny of birds are not well understood.

The aim of this study was to assess PFECHS and PFDoDS developmental effects alongside PFOS, using the mallard duck
(Anas platyrhynchos) as a model species. We investigated hatching success, sex ratios, and liver microRNA profiles in
ducklings exposed in ovo to PFOS, PFECHS and PFDoDS.

We observed a lower hatching success in the PFECHS and PFDoDS groups compared to the control and PFOS groups. In
addition, the sex ratio in the control group is skewed towards females, while the PFOS group showed a bias towards males.
PFECHS and PFDoDS groups have a more balanced sex ratio. Gene expression data will be obtained early in 2024 and will be
presented at the conference.

The results of this experiment will not only increase our understanding of the toxicological mechanisms of PFECHS and
PFDoDS at a gene expression level during ontogeny of birds, but also will be meaningful for environmental risk assessment
and management.

1.10.P-We037 PERSISTENT ORGANIC POLLUTANTS AND THE ROLE OF ANTHROPIC SOURCES IN THE
DIET OF AVIAN SCAVENGERS

Juan Munoz-Arnanz?, Ainara Cortes-Avizanda?, Ifigo Donazar-Aramendia®, Eneko Arrondo*, Pere Colomer Vidal?, Olga
Ceballos®, Begofia Jiménez! and Jose Antonio Donazar?, (1)Institute of Organic Chemistry, Spanish National Research
Council (IQOG-CSIC), Spain, (2)Department of Plant Biology and Ecology, Faculty of Biology, University of Seville, Spain,
(3)Laboratorio de Biologia Marina, Seville Aquarium R + D + | Biological Research Area, Department of Zoology, Faculty of
Biology, University of Sevilla, Spain, (4)Department of Conservation Biology, Estacién Bioldgica de Dofiana, CSIC, Spain,
(5)UGARRA, Avda. Carlos Il 1, Spain

Vultures, face declines due to various factors, including anthropization and changes in farming systems. However, there is
limited research on the detailed relationship between contaminant levels and individual foraging behavior, especially in
scavenger birds exploiting "risky" trophic sources like landfills.This research aimed to assess POPs such as polychlorinated
biphenyls (PCBs) and organochlorine pesticides (OCPs), on Egyptian and griffon vultures, examining their association with
the scavenger's diet and trophic strategies using stable isotopes.

In 2021, blood samples were collected from fledging Egyptian (EV, n=14) and griffon (GV, n=15) vultures inhibiting a
Natural Park in Navarre, northen Spain, within an area heavily humanized, with shifts in agriculture and livestock practices.
Blood’s plasma was analyzed for their POP content. Additionally, mantle feathers and hair samples, from vultures’ prey , were
gathered for stable isotope analyses (5*°N and 5'°C).

Low concentrations of pollutants were found in both vulture species, with median values within the sub-ppb range. This stands
in clear contrast to concentrations reported in other regions worldwide, and below the levels previously recorded for these
species in the same study area in earlier decades. Specifically, PCBs were higher in EVs compared to GVs, with medians of
0.564 pg/uL and 0.282 pg/uL, respectively. Conversely, OCPs were similar in EVs (median: 0.349 pg/uL) and GVs (median:
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0.350 pg/uL), although broader pollutant ranges in GVs were observed due to two specimens with exceptionally high
concentrations. Dietary models based on isotopic signatures indicated that both species were globally relying on the same food
resources. However, a diet more based on carcasses of intensive farming and landfills was associated with higher PCBs, as it
was found for Egyptian vultures.

In conclusion, low PCB and OCP concentrations in northern Spain's avian scavengers suggest effective implementation of
restrictive regulations, minimizing expected negative effects on fitness. Yet, surveillance is advised, particularly for Griffon
vultures exhibiting some high OCP levels, highlighting potential individual exposure variation. This study also underscores
stable isotopes' utility in gauging avian scavengers' exposure to contamination sources, especially PCBs, which is crucial in a
changing food source landscape with declining extensive livestock and increasing dependence on landfills.

1.10.P-We038 Putting Individual Effects into the Context of Natural Variability. Using Dynamic Energy Budget (DEB)
Modelling in Amphibians to assess the Normal Operating Range for Metamorphosis

Joachim Ulrich Kleinmann?, Carlo Romoli?, Erik B Muller?, Lennart Weltje, Prof. Dr.% and Pernille Thorbek*, (1)BASF SE,
Germany, (2)ibacon GmbH, Germany, (3)Agricultural Solutions - Ecotoxicology, BASF SE, Germany, (4)Apd/EE, BASF plc,
United Kingdom

Amphibian assays are important tools in the assessment of thyroid activity of plant protection products. While for human
health adversity is considered on the individual level, for non-target species the population is the protection goal. However, it
is still unclear how adversity on the population level should be assessed.

EFSA suggested the concept of assessing effects on a population level relative to the normal operating range (NOR) in a report
from 2021 on the natural variability of honeybee hives and considered similar approaches also for several mammal species
(e.g. common vole, wood mouse) to derive specific protection goals. However, for processes which are plastic even on the
organism level, like amphibian metamorphosis, we believe a first step is to assess an individual level NOR. We consider if
effects in laboratory studies are within this NOR of individuals, they are not relevant on the individual level and, following this
logic, by definition not relevant on the population level.

To assess the NOR of amphibian metamorphosis, a Dynamic Energy Budget (DEB) model was developed which explicitly
includes the plasticity of metamorphosis. In an extensive literature review, the most relevant environmental conditions
determining metamorphosis rate, and so the natural variability, were assessed. The most relevant factors were included in the
DEB model. Additionally, the model has been expanded to reproduce the restructuring of biomass during the metamorphosis
climax. In this way we can explicitly simulate the natural variability of the metamorphosis rate on an individual level and
potential impacts of plant protection products can be assessed for their relevance in this context. If effects are borderline in the
context of natural variability on an organism level, the developed model can also be included in a population model to assess
the relevance of these individual effects on a population level.

Since this approach combines models and concepts which were accepted by EFSA for addressing similar issues in other taxa,
we believe that this approach can be a way forward in determining the adversity of endocrine-mediated effects on a population
level.

1.10.P-We039 Chronic exposure of amphibian aquatic stages to pesticides: a case study with flupyradifurone

Manuel Ortiz Santaliestra and Pedro Peir6, Instituto de Investigacion en Recursos Cinegéticos (IREC) CSIC-UCLM-JCCM,
Spain

Amphibians are not routinely considered as part of environmental risk assessment of pesticides, which raises uncertainty about
the efficacy of this regulatory process to protect them. As vertebrates, alternative approaches to animal testing like
extrapolation from surrogate taxa and effect modelling from pesticide impacts, bring increasing interest. While acute toxicity
of chemicals to aquatic stages can be estimated from fish-generated data [2,3], there is little support about the validity of
surrogates to cover long-term toxicity. Amphibian development has unique features, including a period of complete starvation
during metamorphosis that challenges the development of energy-based effect models. We monitored survival and growth, as a
proxy of energetic balance, during a long-term exposure (up to 76 days) of larval green frogs to 0, 0.01, 0.1, 1, 10 or 100 mg/I
of the insecticide flupyradifurone applied as Sivanto Prime®. The exposure cause a dose-dependent reduction of larval survival
during the initial stages (p=0.006), with mortality rates of up to 60% at the highest insecticide level. During the metamorphosis
transition, percentage of successful individuals was also reduced at the highest flupyiradifurone level, although in a non-
significant manner (p=0.425), which reflects that the stress during larval stage could make that only the strongest individuals
reach metamorphosis. Larval growth did not significantly differ among treatments, but a clear trend for arresting growth
towards the end of the larval period was seen at concentrations >10 ppm. These results suggest that the period after
metamorphosis climax (no energy uptake) is less sensitive to the toxic action than the pre-climax period (positive energetic
balance). This pattern should be considered in energy-based models like DEB in amphibians, and also in population models
because completing metamorphosis in optimal conditions is essential for juvenile survival and in turn for population dynamics.
Funded by EFSA through the project AMPHIDEB (contract OC/EFSA/SCER/2021/12).
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1.10.P-We040 Amphibians Provide Unique and Sensitive Models in Ecotoxicology: Arguing for Advanced Propagation
and Integration in Risk Assessment

Werner Kloas?, llka Lutz®, Andrea Zikova-Kloas? and Mathias Stoeck?®, (1)Leibniz-Institute of Freshwater Ecology and Inland
Fisheries, Germany, (2)German Environment Agency (UBA), Germany

The unique vertebrate class Amphibia is covering the transition to partial terrestrial life style and consists of the three orders
Anura (frogs), Urodela (salamanders), and Gymnophiona (caecilians). They developed manifold life styles to inhabit nearly all
ecosystems and are very sensitive to environmental factors including chemical substances. Although information about
ecotoxicology are available for all three orders, ecotoxicological research has mostly been performed in frogs representing the
classical models for endocrinology and developmental biology. In addition, for practical reason research is focusing on lab
models such as Xenopus but also wildlife species with seasonality should be at least checked for relevancy of lab based results.
Classical ecotoxicological tests investigating acute toxicity by lethality without assessing modes of action (MOA) have past
and are rarely done for instance the FETAX (Frog Embryo Teratogenesis Assay Xenopus) because they are taken over by fish
egg tests.

However, a great revival for amphibians as model organisms in ecotoxicology came along with the emerging issue of
endocrine disruption (ED) because the endocrine systems of amphibians and other vertebrate classes including humans are
quite similar. Starting with endocrine active compounds affecting reproductive physiology of amphibians quite sensitively
during larval exposure the establishment of the amphibian metamorphosis assay (AMA) is the most sensitive standardized test
guideline (OECD 231) for determining thyroid system disrupting effects. Further test guidelines to assess ED are XETA
(Xenopus Eleutheroembryonic Assay; OECD 248) and LAGDA (Larval Amphibian Growth and Development Assay; OECD
241), the latter one determining impacts on both, reproduction as well as thyroid system. Recent advancements direct towards
an extended AMA that could assess all developmental impacts on reproductive physiology and thyroid system more efficiently
and sensitively than any other test. In addition, integrating new approach methods allow to increase the sensitivity as well as
the determination of MOA being exemplified by two AMA exposures with the weak antithyroidal compounds Carbamazepine
and Tetrabromobisphenol A. Furthermore, amphibians provide phantastic models for assessing ED by using non-invasive
behavioural parameters.

Acknowledgement: Funding by the European Union’s Horizon 2020 research and innovation programme under grant
agreement No. 825753 (ERGO).

1.10.P-We041 Anticoagulant Rodenticides in Wildlife: A Risk for Game Meat Consumers?

Rafael Mateo, Wildlife Toxicology, Instituto de Investigacion en Recursos Cinegéticos (IREC) CSIC-UCLM-JCCM, Spain
Game animals are at risk of exposure to anticoagulant rodenticides (ARs), either by the direct ingestion of anticoagulant baits
or by the consumption of carcasses of animals poisoned by ARs. Granivorous or herbivorous species such as partridges, ducks,
pigeons, hares and rabbits can ingest AR-treated grain or baits because they associate these as potential food resources.
Omnivorous species such as wild boar can be also exposed through the consumption of AR-poisoned animals. In New
Zealand, second-generation ARs (SGARs) have been detected in the liver of several large game species, and in the case of the
feal pigs with hepatic concentrations that can affect blood coagulation of the animals. In Spain, first-generation ARs (FGARS)
have been detected in small game species during large scale treatments against voles, and SGARs have been detected in 45%
and 12% of the liver and muscle samples, respectively, of wild boar hunted in Barcelona province. Although the observed
concentrations in liver and muscle were below those that are likely to be lethal or to affect blood clotting in humans after acute
exposures, there is still a need of improving the environmental risk assessment of chronic exposures to SGARS in game meat
consumers. In some areas in Spain, SGARs are used to control rabbit overabundance, which may increase the risk of exposure
to toxic doses in the consumers of these animals. The high capacity of SGARs to bioaccumulate in liver, the extremely high
toxicity of SGARs and the high percentage of human population with an antithrombotic treatment must be considered in the
refinement of their risk assessment. This study compiles the information about SGAR prevalence and concentrations in edible
tissues of game species as a first step for this assessment. The study also identifies current gaps that should be filled to improve
the evaluation of the risk on game meat consumers and the recommendations for risk mitigation. This study is developed under
the framework of the Cost Action CA22166 - Safety in the Game Meat Chain (SafeGameMeat).

1.10.P-We042 Anticoagulant rodenticide exposure of two mammal species, American badger and fisher from British
Columbia Canada.

John E. Elliott?, Sofi Hindmarch?, Rich Wier?, Sandi Lee* and France Maisonneuve?, (1)Environment and Climate Change
Canada, Canada, (2)Fraser Valley Conservancy, Canada, (3)British Columbia Ministry of Environment

There are increasing reports from many jurisdictions of mammalian carnivores with elevated exposure to anticoagulant
rodenticides (ARs). A proportion of animals tested have exhibited symptoms of anti-coagulant poisoning. Most of those
samples from the literature, but not all, were from locations near to agricultural or urban development. For the present study,
we tested 69 samples of two species of mammal, the American badger Taxidea taxus, an endangered species in British
Columbia, and a furbearer, the fisher Pekania pennanti, collected over the period 2004 to 2018 from locations in southern
British Columbia, Canada. Of 59 badgers analyzed, 46% (27) contained residues of both second generation (SGAR) and first
generation (FGAR) compounds, with 10% (n=6) exposed to only SGARSs, and 14% (n=8) exposed to just FGARs. The mean
total exposure was 0.20 pg/g while the geometric mean was 0.15 pg/g, (range: 0.004-2.138 pg/g ww). Of the exposed badgers
(n=41), 73% (n=30) are exposed to at least two AR compounds, 49% (n=20) are exposed to at least three AR compounds. The
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breakdown of exposure by compound was: bromadiolone (n=33), brodifacoum (n=21), chlorophacinone (n=20), diphacinone
(n=17), warfarin (n=12), difethialone (n=12). Of the badger liver samples, 17 contained > 0.100 pg/g ww >, ARs with a range
of 2.14 - 0.146 ug/g ww. Six females were lactating all of which were exposed to ARs. Fishers were collected over an earlier
timeframe, 2003 — 2009. They were less exposed, with 2 out of 10 individuals testing positive, one of which was exposed to
warfarin (0.05 png/g) and high levels of bromadiolone (0.528 pg/g), and the second individual tested positive for brodifacoum
(0.013 ng/g). We discuss likely exposure pathways and toxicological implications of these results for badger conservation and
population recovery.

1.10.P-We043 Anticoagulant Rodenticides in Birds of Prey in Switzerland — Towards an Appraisal of Threshold Values
Sibylle Xenia Maletz!, Daniel Olbrich?, Carolin Riegraf*, Marion Junghans?, Sarah Albini2, Saskia Keller?, Petra Kunz* and
Etienne Vermeirssen?, (1)Swiss Centre for Applied Ecotoxicology, Switzerland, (2)Institute for Food Safety and Hygiene,
University of Zurich, Switzerland, (3)Institute for Fish and Wildlife Health, University Bern, Switzerland, (4)Biocides and
Plant Protection Products Section, Federal Office for the Environment, Switzerland

Due to their widespread use for rodent pest control, the presence of anticoagulant rodenticides (ARs) in the environment is
ubiquitous. These substances, especially the second generation ARs, have persistent, bioaccumulative and toxic properties that
can lead to secondary poisoning of non-target organisms. Exposure of non-target organisms, such as small predators or birds of
prey, to ARs is well documented internationally. However, the situation in Switzerland had so far only been scantly
investigated. To fill this gap, a reliable and sensitive analytical method (LC-MS/MS) to quantify ARs in liver samples was
established and a first set of wildlife liver samples was analyzed for seven approved substances (brodifacoum, bromadiolone,
coumatetralyl, difenacoum, difethialone, flocoumafen, warfarin). Samples included livers of foxes, birds of prey, hedgehogs
and fish. In almost all samples analyzed, up to four different ARs were detected with maximum liver concentrations of 1100
ng/g (fox), 450 ng/g (bird of prey), 2 ng/g (hedgehog) and 40 ng/g (fish). A comparison with data collated from literature
showed similar exposure in biota from surrounding countries.

To date, there is no broad consensus as to which AR concentrations lead to toxicosis and must therefore be considered
problematic. Some experimental toxicity data are available from studies in which animals were fed food or prey laced with
AR. However, only a few species have been studied in this way, often with low numbers of animals and only testing single
substances and not mixtures. Another approach to derive threshold values involves the combination of measured AR liver
burdens and the determination of the cause of death by means of pathological examinations. For this reason, we started a new
project where we focus on birds of prey that died during care in bird rehabilitation centers. We aim to extend monitoring of AR
exposure in Switzerland and combine it with pathological examinations of birds. The data obtained will then be fed into
established models to determine AR threshold values and allow for improved risk assessment concerning non-target
organisms. Additional data are also crucial to assess future trends in AR exposure and for evaluating the efficiency of possible
future changes to AR application strategies.

1.10.P-We044 Anticoagulant Rodenticide Contamination and Coagulation Capacity Assessment in Long-Eared Owls
(Asio otus) from a Mediterranean Agricultural Landscape

Livia Spadetto?, Pilar Gomez-Ramirez, PhD?, José Manuel Zamora-Marin?34, Mario Leon-Ortega®, Antonio Zamora-L6pez>?,
Sarah Diaz-Garcia®, Fernando Tecles-Vicente®, José F. Calvo PhD®, José Fenoll-Serrano’, Juana Cava-Artero’ and Antonio
Juan Garcia-Fernandez, DVM, PhDg, (1)Toxicology Research Group, Faculty of Veterinary Medicine, University of Murcia,
Spain, (2)Department of Zoology and Physical Anthropology, Faculty of Biology, University of Murcia, Spain, (3)Ulula
Research Group, Spain, (4)Department of Applied Biology, Miguel Hernandez University of Elche, Spain, (5)Interdisciplinary
Laboratory of Clinical Analysis (Interlab-UMU), Faculty of Veterinary Medicine, University of Murcia, Spain, (6)Department
of Ecology and Hydrology, Faculty of Biology, University of Murcia, Spain, (7)Instituto Murciano de Investigacion y
Desarrollo Agrario y Alimentario (IMIDA), Spain, (8)Toxicology Research Group, Faculty of Veterinary Medicine,
Universidad de Murcia-IMIB, Spain

Anticoagulant rodenticides (ARSs) are chemical compounds widely employed for rodent population control in various
anthropogenic landscapes. These highly toxic substances, known for their bioaccumulative nature in the tissues of consuming
individuals, not only induce mortality in target rodents but also pose a threat to the populations of predators and scavengers
that feed on these contaminated prey. Here, the long-eared owl (Asio otus) is used as a biomonitoring species to assess the
presence and distribution of ARs in different agricultural landscapes within a Mediterranean semiarid region of southeastern
Spain. Blood samples were extracted from 69 nestlings belonging to 38 nests in the Region of Murcia and analysed using
HPLC/MS/MS. Additionally, plasma samples were obtained to evaluate clotting function through prothrombin time (PT)
testing as a biomarker of exposure and effect. Our analysis revealed an almost absolute prevalence (98.6