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SOCIETY OF ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY

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

A unique strength of SETAC is its commitment to balance the scientific interests of
government, academia and business. The Society by-laws mandate equal representation
from these three sectors for officers of the World Council and Geographic Unit Boards of



Directors and Councils, and in the composition of committees and other society activities.
The proportion of members from each of the three sectors has remained nearly equal over
the years.

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

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

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

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

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



Keynote Abstracts

Keynote Sunday
One Health, Persistent Organic Pollutants and the Arctic

Cynthia A. de Wit, Department of Environmental Science and Analytical
Chemistry, Stockholm University, Stockholm, Sweden

The One Health concept is based on understanding how human, wildlife and
ecosystem/planetary health are interconnected and the Arctic has long served as an
early warning system in this regard. Persistent organic pollutants will be used to
illustrate this, for example, the early discovery of PCBs in the Arctic in the 1970s,
and subsequent studies of PCBs in wildlife and humans in the Canadian Arctic in
the 1980s. The very high levels found in top predators and some indigenous
populations in what was supposed to be a pristine environment was devastating
news. Indigenous peoples’ traditional foods, crucial for their health, society and
culture were now highly contaminated. These and other findings led the eight
Arctic countries to call for an assessment of the Arctic environment. A report on
POPs, other contaminants and human health in the Arctic environment was
presented by the Arctic Monitoring and Assessment Programme in 1998.The
science presented led to new understanding of pathways and processes for POPs
into and within the Arctic, including biomagnification in food webs and humans,
and effects of exposure. It illustrated succinctly how interconnected the Arctic was
to the rest of the world, and was a driving factor in development of regional and
global POPs regulation, such as the Stockholm Convention. Further protection of
the Arctic from new chemicals is thus crucial to protecting humans, wildlife and
ecosystems globally.

Keynote Monday
Can One Environment, One Health and Many Chemicals be Sustainable?
Bjorn Hansen, European Chemicals Agency (ECHA), Finland

With the adoption in 2015 of the Sustainable Development Goals the world
embarked on an ambitious journey to obtain a sustainable future by 2030.
Chemicals management has a specific target within Sustainable Development
Goal 14 is “By 2020, achieve the environmentally sound management of
chemicals and all wastes throughout their life cycle, in accordance with agreed
international frameworks, and significantly reduce their release to air, water and
soil in order to minimize their adverse impacts on human health and the
environment”. The EU is settings its chemicals and waste policies, within the EU
and internationally, to meet this goal.

The EU has also set an ambitious goal of moving towards a circular economy.
Achieving circularity requires significant advances in product design, in material
development, in collection and recycling/recovery. At the core are materials —as it
is the material which gives the product its desired functionality and enables
recycling or recovery. For those working in the chemicals area a material is a
mixture.

To achieve the sustainable development goals in an EU moving towards a circular
economy, requires innovation in chemistry to develop the chemicals which make
up circular materials and which minimize the adverse impacts on human health
and the environment. There is though much which needs to be put in place to
achieve this: from chemicals and waste legislation, from research and industry.
But meeting the challenge is a necessity if we want to protect our one
environment, provide protection for all citizens and ensure that chemicals can be
used to maintain our wellbeing!

Keynote Tuesday
Environmental Pollutants and Health
Jorma Toppari, University of Turku, Finland

Environmental effects on health are in many cases preventable in contrast to
genetic impact. Industrial chemicals have been produced only during the last 150
years and the production has multiplied during our time. Unfortunately many of
the good products turned out to be bad pollutants affecting our health. Thanks to
the Stockholm convention, the amount of persistent organic pollutants is
declining, and now the main attention is on less persistent compounds that
interfere with physiology, including endocrine and immune systems, central
nervous system, and most importantly, their development. The incidence of non-
communicable diseases in increasing and many environmental chemicals are
associated with their pathophysiology. Endocrine disrupting chemicals can
contribute to reproductive disorders and cognitive development by inhibiting
hormone production and action at critical developmental phases. Anti-androgenic
chemicals cause genital malformations and poor semen quality experimentally and
most likely in humans, too. Anti-thyroid chemicals can cause severe adverse
effects in central nervous system in fetuses and infants. Currently the greatest
problem is the lack of knowledge about the health effects of the majority of
chemicals in use.

Keynote Wednesday

Innovation Where Everyone Wins: A Call for a New Dialogue in
Environmental Toxicology, Chemistry and Risk Assessment

Juan Gonzalez Valero, Syngenta, Switzerland

Since the early days in environmental sciences we have constantly increased our
understanding off the impacts of human activities and technologies on the
environment. We are experts in exploring risks and it is only logical that we focus
our effort on avoiding the risk from those activities. We know that we don’t have
all the answers and have to apply precaution. But we shouldn’t confuse precaution
with avoidance. Avoiding innovation means avoiding progress, and without
progress there will be no better outcome: not for humans and not for nature. As
environmental scientist we are in a dilemma. The possible trade-offs are complex
and require a different form of dialogue that pushes us all out of our comfort zone.
A common reaction is to push decisions to the political level with detrimental
effects on safeguarding and improving the quality and credibility of science in
environmental toxicology and chemistry. We should rather shape a better and
more inclusive science dialogue that focuses on the multiple facets of innovation
benefits and risks based on reproducible science, unbiased data, analysis,
interpretation and disclosure.
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Platform Abstracts

Micro(Nano)plastic Pollution: Tackling the Plastic Problem by
Identifying Sources, Investigating Fate and Novel
Approaches ()

1

Tracking the origin of fiber micro-fragments in textiles and understanding
the release mechanism during washing

Y. Cai, T. Yang, Empa Swiss Federal Laboratories for Materials Science and
Technology; D.M. Mitrano, Eawag - Swiss federal Institute of Aquatic Science
and Technology / Process Engineering; M. Heuberger, Empa Swiss Federal
Laboratories for Materials Science and Technology / Laboratory for Advanced
Fibers; R. Hufenus, Empa Swiss Federal Laboratories for Materials Science and
Technology; B. Nowack, Empa Swiss Federal Laboratories for Materials Science
and Technology / Technology and Society Lab

As an important source of microplastics into the environment, many efforts have
been made to understand the release (mechanisms) of fiber micro-fragments
(FMFs) from synthetic textiles during washing. However, the factors of the
materials, finishing processes and washing conditions controlling these releases
still remain unclear. The aim of this work was to investigate the formation of
FMFs during fiber and fabric manufacturing and the mechanism controlling the
FMF release during washing. An extraction method was developed to investigate
the FMFs formed through the production chain of textiles. Several representative
polyester products along the production line including a sliver, three types of
yarns and eleven kinds of fabrics were collected. The extraction was performed by
sequential ultra-sonication and the released fibers were collected on filter. In this
way, we developed a method to decouple the release of FMFs that were already in
the textile sample from the potential formation of new FMFs from mechanical
stress during washing. The FMFs were imaged and analyzed to obtain the length
and the number. The second experiment was performed with a gyrowash machine
and a standard wash cycle mainly based on an ISO washing standard. Additional
experiments were performed to understand the influence by washing time,
mechanical stress and concentration of detergents. The extraction experiment
showed that after three to nine 10-minute sonication steps, the release of FMFs
dropped to almost zero, indicating that sonication less than 90 minutes did not
produce FMFs but was rather releasing what is already present inside the fiber or
fabric. The release was affected by the type of fiber (e.g. staple fiber), the fabric
structure and the cutting method. Those fabrics which showed higher releases in
the extraction experiment also shed more FMFs during washing. We observed a
decrease of the released FMFs with the number of washing cycles, indicating that
formation of FMF during washing is very low. The number of FMFs extracted by
ultrasound and the FMF release during washing was in the same magnitude and
demonstrated a linear correlation suggesting that the washing process is likely
only shedding FMFs embedded in the fabric instead of producing new ones. The
results of this work will establish a deeper understanding of the origin of the FMF
released from textiles and may form the basis for engineering options to reduce
FMFs in new fabrics being produced.

2

PLASTIC-Seine research project: Microplastic Flux and Impact on biota in
the Seine estuary

j. gasperi, S. Alligant, LEESU; B. Tassin, LEESU / LEESU laboratoire eaux
environnement et systemes urbains; M. Revel, C. Mouneyrac, Catholic University
of the West; M. Mouloud, A. Chatel, H. Perrein-Ettajani, M. Bruneau, Catholic
University of the West / UBL Mer Molécules Santé; M. Halm Lemeille, A.
Gangnery, f. galgani, M. Bégout, IFREMER; X. Cousin, IFREMER / Laboratoire
de Ressources Halieutiques de La Rochelle; C. Dreanno, M. El Rakwe,
IFREMER; J. Thery, C. Bialais, S. Souissi, M. Kazour, R. Amara, Université de
Lille; M. dutertre, SEBIO UNIVERSITE LE HAVRE; R. Coulaud, SEBIO
UNIVERSITY OF LE HAVRE; T. Monsinjon, SEBIO UNIVERSITE LE
HAVRE / UMR-1 02 INERIS-URCA-ULH Environmental Stress and Aquatic
Biomonitoring (SEBIO); B. Xuereb, SEBIO UNIVERSITY OF LE HAVRE; C.
Clérandeau, F. Le Bihanic, c. vignet, P. Pannetier, University of Bordeaux / EPOC
UMR; B. Morin, J. Cachot, University of Bordeaux / EPOC

Microplastics (MP) pollution is of emerging concern. Although numerous studies
were recently carried out on freshwater and biota contamination, studies focused
on estuary ecosystems are scarce. Estuaries can indeed play a significant role in
the transport and transfer of MP to the ocean and the estuarine hydrodynamics and
salinity gradient can greatly affect both MP distribution and concentrations, as
well as the occurrence and levels in biotic compartments. In this context, the
Plastic-Seine project (2017-2020) involving six French laboratories was launched
to study the occurrence and levels of MP in all compartments of the ecosystem of
the Seine River estuary (France). The objectives are: i) to study the occurrence
and levels of MP in the Seine estuary for abiotic compartments (water column and
sediment), ii) to study the ingestion and levels of MP for seven emblematic

species of the Seine estuary, i.e, the worm Hediste diversicolor, the copepod
Eurytemora affinis, the mussel Mytulis edulis, the prawn Palaemon longirostris
and 3 fish species Platichthys flesus, Solea solea and Dicentrarchus labrax and
iii) to assess the potential impacts of MP exposure on biology traits, physiology
and behavior of three species (Hediste diversicolor, Eurytemora affinis and Solea
solea). Preliminary and main results are here presented and discussed. First results
on abiotic compartements highlighted the presence of fibers and fragements in
both the water colonn and sediments. Particles exhibited different forms
depending on their origin and/or fragmentation. Most of particles were inferior to
1 mm and a high proportion of fragments and films was higlighted. Slight MP
distribution changes were also observed between surface water and subsurface
water. For the seven species, MP including fibers and fragements were found. The
others analyses are in progress. For all species, a high variabilities between
species and individuals was highligted. High presence of fragments were noticed
for seabass and worms in comparison to other species. In the case of prawns, a
large amount of MP and especially of fibers were also observed on the cuticle
surface. Futher studies will investigate the potential impacts of MP exposure on
biology traits, physiology, and behavior of three estuarine species and the MP
trophic transfer to common sole’s food chain.

3

A comprehensive investigation of microplastic contamination in Lake Mjosa,
Norway's largest lake

A. Lusher, NIVA Norwegian Institute of Water Research / Environmental
Contaminants; N. Buenaventura, NIVA Norwegian Institute for Water Research /
Environmental Contaminants; D. Eidsvoll, Norwegian Institute for Water
Research NIVA / Ecotoxicology and Risk Assessment; J. Thrane, NIVA
Norwegian Institute for Water Research / Pelagic freshwater ecology; A.
Dkelsrud, NIVA Norwegian Institute for Water Research; M. Jartun, NIVA
Norwegian Institute for Water Research / Environmental Contaminants

Plastic is a ubiquitous contaminant in the environment, this includes microplastics
(< 1 mm) which have been found globally. Some microplastics are released
directly into the environment whereas others break down from larger plastic items
because of environmental processes. The widespread presence of microplastics in
the environment highlights the need to understand the sources for microplastics
and the consequences of this contamination. In this current project, our aim was to
contribute to knowledge concerning microplastic contamination in freshwater
environments. To do so, an assessment of microplastic contamination in the
largest lake in Norway, Lake Mjg@sa, was carried out looking at sediments, biota
and water samples. Microplastics were identified in all core slices (0-1cm, 1-2cm,
2-3cm) across twenty stations with varying anthropogenic sources of input.
Polymer composition varied between sites and core depth. For example,
polyamide was less abundant in deeper core slices, polycarbonate was found at
three sites and polyvinyl chloride was only found at one site. In addition,
microplastics were identified in 9/12 historical plankton samples dated 1973 to
2017. Only a single duck mussel was found to contain an orange synthetic rubber
fragment (339 x 233 pm). In forthcoming months, the deeper core slices (3-4 cm,
7-8cm) will be assessed and compared to the currently complied data. This study
will also be essential for sealing the knowledge gaps in microplastic studies,
which will enable this field to be further developed and provide a better
understanding of the effects and impacts of microplastics in the environment. The
results from this study will form the basis for a recommendation for further
monitoring of microplastics in Lake Mjgsa, and in freshwater in general.

4
Assessing the relevance of wastewater and agricultural runoff as microplastic
sources for freshwater ecosystems: A case study in central Spain

T.C. Schell, IMDEA Water Institute / Ecotoxicology; R. Hurley, NIVA -
Norwegian Institute for Water Research; A. Rico, IMDEA Water Institute /
Aquatic Ecotoxicology; L. Nizzetto, Norwegian Institute for Water Research
NIVA; M. Vighi, IMDEA Water Institute / Earth and Environmental Sciences
Microplastics (MPs) in wastewater are mostly retained in the sludge during
wastewater treatment. Despite the high trapping efficiency of wastewater
treatment plants (WWTPs), treated wastewater can act as a considerable source of
MPs if large quantities are discharged. Sludge applied as fertilizer on agricultural
fields may act as an additional MP source for freshwater ecosystems if MPs are
transported by water runoff. However, no data is indicating the relevance of this
environmental pathway. This study aimed to comparatively assess the contribution
of WWTP effluents and runoff from agricultural fields as sources of MPs into
freshwater ecosystems, and to assess MPs concentrations and composition in
streams receiving such pollution sources. The study was conducted in the Henares
River Watershed (central Spain). MP concentrations were monitored in treated
and untreated wastewater and sludge from five different WWTPs. An experiment
was performed to assess the MP concentrations in runoff from agricultural fields.
For this, three plots (2 m?) with comparable soil characteristics but differing
sludge applications were prepared: control soil (never treated with sludge), soil
treated in the past (in 2013), and soil treated at the start of the experiment (in
November 2017). Runoff samples were collected throughout one year.
Additionally, the MP concentration was monitored at three different river sites: i)
low human impact; ii) agricultural impact; and ii) urban, agricultural and
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industrial impact. All water samples were taken by filtering sufficient amounts of
water (river or wastewater) through a battery of plankton nets with different mesh
size (300, 150, 55, 20 ym). Following MP extraction, the number and polymer
composition per sample were assessed. Initial results (based on MPs > 150mm)
show that 58% to 99% of MPs are retained during wastewater treatment, but still,
up to 400 MPs/m? are emitted. The runoff experiment shows that MPs are present
and mobilized via runoff water from all plots, but the highest concentration (1.36
MP/L runoff or 14.5 MPs per m?) was observed in the most recently treated plot.
To our knowledge this is the first study evaluating the contribution of sewage
sludge to MP freshwater contamination. The results indicate that both, treated
wastewater and runoff from sewage sludge treated fields, can act as a MPs source
for aquatic ecosystems and should be taken into account in risk assessments
performed at the watershed scale.

5

Matrix-adapted methodologies for qualitative and quantitative study of
microplastics in marine bivalves and sediment

N. Phuong, Universite de Nantes / MMS; A. Zalouk-Vergnoux, Univeristé de
Nantes / MMS; f. lagarde, Institute of molecules and materials of Le Mans /
Institute of Materials and Molecules of Le Mans IMMM UMR CNRS; C.
Mouneyrac, Catholic University of the West / UBL, Mer Molécules Santé; L.
Poirier, Universite de Nantes / MMS

About 335 million tons of plastics were produced in 2016 and this production is
increasing every year, due to their numerous properties and resulting societal
benefits. The distribution of MPs in the environment depends on various inherent
factors. The omnipresence of MPs has been demonstrated by scientists in recent
years, particularly in marine ecosystems. Sediments are generally recognized as a
large contaminated environmental compartment. But fauna is also affected,
especially filter-feeder species. The aim of this work was to develop and validate
rapid methodologies for assessing the MP contamination in sediment and bivalves
(mussels: Mytilus edulis and oysters: Crassostrea gigas) from the French Atlantic
coast (Pays de la Loire region, France). Surface sediments (0 to -5 cm) and
bivalves were sampled at three locations and in two seasons: October 2015 and
March 2016. Ten replicates of 25 g of sediment, 10 pools of 3 mussels and 10
individual oysters were analyzed per sampling location and season, leading to a
global analysis of 60 sediment samples, 180 mussels and 90 oysters. In order to
analyze the MPs, rapid protocols were adapted to the matrix and validated using
spiked samples for isolation and identification of MPs without visual sorting.
Good recoveries were obtained in the validation tests with values ranging from 78
% to 107 % depending on MP types. A total of 10 different types were found with
a majority of PP and PE. Average levels ranged from 38 (+ 47) to 102 (+ 105) MP
per kg of dry sediment (N = 10; 250 g). The whole abundance of MPs found in
mussels and oysters respectively were about 0.23 (= 0.20) and 0.18 (+ 0.16) MP
per gram of wet weight soft tissues and about 0.60 (+ 0.56) and 2.10 (= 1.71) MP
per individual. It exists inter-compartment and interspecific differences on type,
size and color of MPs. Globally, more than 80% of MPs were fragments, the
remaining were filaments. None of granule or pellet were found. MP color showed
high proportion of grey to light-grey. This littoral region adjacent to the Atlantic
Ocean gathers significant areas of aquaculture at national level, for which the
characterization of MP contamination is of great concern. Therefore, monitoring
the presence of MPs in marine areas is currently of high importance as some of the
organisms, such as mussels and oysters, are harvested by humans. This work
provided the first dataset for this aquaculture area of great socio-economic
importance.

6

Microplastic debris in an Italian river: first monitoring results

c. campanale, National Research Council, Water Research Institute; G. Bagnuolo,
C. Massarelli, Italian National Research Council; V. Uricchio, Italian National
Research Council / Water Research Institute

Plastic and microplastic pollution is one such emerging concern. Plastic pollution
in the marine environment is well documented, however, there is a lack of
knowledge for freshwater and terrestrial environments in terms of the extent,
occurrence and impacts. Herein we report results from a monitoring study aimed
to investigate about abundance, type, composition, and potential implications of
microplastic in an Italian river (Ofanto river), evaluating at the same time the
presence of temporal trends in response to hydrological parameters (flow velocity,
water level of river and precipitation). River surface microplastic samples were
collected during five monitoring campaigns (February, April, October, December
2017 and May 2018);all of them were taken from the same point located at 6 km
from Ofanto river mouth. In order to reduce the spatial variability, microplastics
were collected by three surface plankton nets of 333um mesh size fixed in the
middle of the river simultaneously for two different time slot for a total of six
replicates for each campaign. Chemical digestion was performed to each sample
in order to remove the labile organic matter and extract all the particles. After
processing, a visual and chemical characterization has been carried out. Each
particle visually identified, was counted, photographed, enumerated, and
categorized according to size, color and morphology. Microplastics were found in
each net sample for a total of 42,725 items counted, photographed, enumerated
and categorized. Microplastic content measured in Ofanto river (expressed as
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mean value + dev.st.) ranged from 0.9 + 0.4 p/m® to 12 + 5 p/m’ showing values
comparable to or greater than those reported in other studies, although there are
few other freshwater studies to which to compare. A statistically significant
difference in the average microplastic concentrations found in different campaigns
of this study, has been observed, suggesting thus a temporal variation in plastic
abundances. These differences could be explained by the hydrology of the river
that influence, with physical forces the concentrations of particles. Microplastics
were found at higher concentrations during wet periods (February 2017 and May
2018) indicating a presumable land-based origin probably from surroundings
agricultural areas. The work reported here is the first study showing an Italian
river context that provides an initial assessment of the extent and nature of this
pollution in Ofanto river.

Effect Modelling for Regulatory Risk Assessment: Current
Applications and Future Directions (I)

7

Integrating Semantic Technologies in Environmental RiskAssessment: A
Vision

E.B. Myklebust, NIVA - Norwegian Institute for Water Research / Enviromental
Data Science; K. Tollefsen, NIVA / Ecotoxicology and Risk Assessment; E.
Jimenez-Ruiz, University of Oslo / Department of informatics; Z. Rudjord, R.
Wolf, NIVA

Extending the scope of risk assessment models is a long-term goal in
ecotoxicological research. However, biological effect data is only available for a
few combinations of species—chemical pairs. We aim at designing tools based on
semantic technologies to improve risk assessment analysis.\n\nRisk assessment
requires the use of different metadata, e.g., from taxonomies, chemicals, or
toxicity data. In addition, data collected by researchers in the field or the lab is
used as direct input. A partial goal of our work is to effectively use semantic
technologies to link these datasets together. These metadata form the basis of a
knowledge graph. We add an ontological layer onto the knowledge graph, this
includes rules and axioms to either validate or expand the data.\n\nExpanding the
data can be done by two approaces, inductive and deductive.\n\nFirst approach
considers adding axioms (e.g. ““all Solibacteres is also Bacteria") to the data
ontology such that we can use reasoning to increase the available data for the risk
assessment.\n\nThe alternative takes a probabilistic approach, using a machine
learning model to give a probability of a entity beeing similar to another based on
the data. To replace the function of the axioms as an explainer for adding new
data, we introduce a new module, that uses the metadata ontology to inform the
user about the uncertainty involved in the prediction.\n\nWe develop robust case
studies to test system development. We need cases with a complete qualitative
performance analysis, compared to previous single compound analysis. A simple
such study could include pesticide montoring, NCBI taxonomy, and effects data in
the for of ECOTOX \n\nThis approach will yield new insight by combining and
inferring from available data and subsequently improve the quality of risk
assessment.

8

QSAR models in ecotoxicology: why such lack of faith?

P. Bicherel, F. Sahigara, KREATiS

Quantitative Structure-Activity Relationship models (QSARs) is one of the
powerful alternatives to experimental tests. These statistical models based on
semi-empirical approach are used to predict chemical properties based on their
molecular structure. These tools are supported by the 3R principle promoting the
Refinement, the Reduction and the Replacement of the experimentation performed
on animals. Since decades, several QSARs have been developed to predict
ecotoxicological and physico-chemical properties. Today many models are
available through free software like EPISUITE, ECOSAR, T.E.S.T., VEGA etc.
Despite their clear advantages, they have not been massively used as alternatives
for REACH registration dossiers between 2009 and 2016. For the endpoints
requested for Annexes VII-X and needing to test on vertebrates, QSARs were
never the preferred option compared to in vitro studies, Read-Across or Weight of
evidence strategies except for the bioaccumulation. In average they represent less
than 5% of the endpoint study records. This striking under-use of the QSAR
models has been investigated. Several free QSARs have been analysed through
the 5 criteria of QSAR validation settled by the OECD among other criteria in
order to highlight the main reasons of their feeble use. The principal causes
identified are: the lack of transparency about the scientific method on which relies
the modelling, the access of the statistics ensuring the performances of the model,
the definition of the applicability and its systematic analysis for each prediction
and finally the accuracy of the result and the measure of its uncertainty. Good and
transparent modelling practises combined to the assessment of the prediction are
essential to give credibility to QSARs outcomes.

9

Application of TKTD models in aquatic ERA for pesticides

T. Brock, Wageningen Environmental Research / Environmental Risk Assessment
Team; M. Arena, EFSA - European Food Safety Authority / Pesticides; N.



Cedergreen, University of Copenhagen / Plant and Environmental Sciences; S.
Charles, University Lyon 1/ Laboratory of Biometry and Evolutionnary Biology;
S. Duquesne, German Environment Agency; A. Focks, Wageningen
Environmental Research / Environmental Risk Assessment Team; A. Ippolito,
EFSA - European Food Safety Authority / Pesticides Unit; M. Klein, Fraunhofer
IME; M. Reed, HSE; I. Teodorovic, University of Novi Sad / Department of
Biology and Ecology, Laboratory of Ecotoxicology (LECOTOX)

In 2018, the Panel on Pant Protection Products and their Residues (PPR) of the
European Food Safety Authority (EFSA) published a scientific opinion on the
state of the art of Toxicokinetic/Toxicodynamic (TKTD) models in prospective
environmetal risk assessment (ERA) for pesticides and aquatic organisms (EFSA
Journal 2018,;16(8):5377). In this scientific opinion it is concluded that GUTS
models (General Unified Threshold models of Survival; Jager et al. 2011.
Environmental Science and Technology, 45, 2529—-2540) are sufficiently
developed to use them in the acute risk assessment scheme for aquatic
invertebrates, fish and aquatic stages of amphibians to assess the risks of time-
variable exposure. This presentation aims to illustrate the possible use of validated
GUTS models, in combination with step 3 or step 4 FOCUSsw exposure profiles,
as tools in the aquatic Tier-2 environmental risk assessment for an
organophosphorus insecticide. This insecticide is characterised by short-term
pulse exposures in edge-of-field surface waters. Experimental lower tiers indicate
that aquatic arthropods (crustaceans and insects) in particular are at risk. The case
study presented compares the outcome of the experimental effect assessment tiers
(standard test species approach; geometric mean approach; species sensitivity
distribution approach) with results of GUTS modelling to put these results into
perspective. For the example insecticide selected, it appears that the application
procedure of GUTS models in prospective ERA for pesticides as proposed by
EFSA PPR (EFSA Journal 2018;16(8):5377) is promising to refine the risk of
time-variable exposures. In addition, this Tier-2 assessment based on GUTS
models was not in conflict with the principle of the tiered approach that lower tiers
should be more conservative than higher-tiers. It is recommended that similar
exercises are conducted with a representative number of substances differing in
field exposure dynamics and toxic mode of action.

10

A roadmap for the use of TKTD models in ERA of pesticides

A. Ippolito, EFSA - European Food Safety Authority / Pesticides Unit; M. Arena,
EFSA - European Food Safety Authority / Pesticides; T. Brock, Wageningen
Environmental Research / Environmental Risk Assessment Team; N. Cedergreen,
University of Copenhagen / Plant and Environmental Sciences; S. Charles,
University Lyon 1 / Laboratory of Biometry and Evolutionnary Biology; S.
Duquesne, German Environment Agency; A. Focks, Wageningen Environmental
Research / Environmental Risk Assessment Team; M. Klein, Fraunhofer IME /
Ecological chemistry; M. Reed, HSE; 1. Teodorovic, University of Novi Sad /
Department of Biology and Ecology, Laboratory of Ecotoxicology (LECOTOX)
Tier-1 risk assessments for pesticide active substances and Plant Protection
Products (PPPs) in surface waters rely on the quantification of treatment-related
responses from standard protocol tests, where exposure is continuous. When a low
risk cannot be demonstrated with this conservative Tier-1 data, one possibility is
to address the mismatch between the constant exposure regime used in standard
ecotoxicity tests and the time-variable concentrations predicted in the field.
Toxicokinetic-toxicodynamic (TKTD) models can be used to help in refining the
assessment by predicting individual-level effects under untested time-variable
exposure conditions. In order take stock of the state of the art and to provide some
guidance about the use of TKTD models in the risk assessment, the EFSA Panel
on Plant Protection Products and their Residues (PPR) developed a dedicated
Scientific Opinion (SO). This presentation aims at introducing the assessment
strategy suggested in the opinion, focussing specifically on GUTS models. Ten
different evaluation areas have been identified and organised in checklists for each
TKTD model type. For GUTS, due to the standardised nature of such models,
some of these have been considered addressed once for all in the remit of the SO.
On the contrary, other areas need to be carefully considered in the context of any
substance-specific assessment. Among those, particular attention is paid to the
parameter estimation (model calibration), to the evaluation of the sensitivity and
uncertainty, and to the evaluation of the model by comparison with independent
measurements (model validation). Finally, some implications for the testing
strategy are also discussed in relation to the application of TKTD models for risk
assessment purposes.

11

Measure or extrapolate? Extended parameterisation of TKTD models for
population modeling under outdoor conditions

T. Strauss, Research Institute gaiac / gaiac - Research Institute for Ecosystem
Analysis and Assessment; J. Klein, Fraunhofer IME - Institute for Molecular
Biology and Applied Ecology / Ecotoxicology; K. Rakel, Research Institute gaiac
/ gaiac- Research Institute for Ecosystem Analysis und Assessment

Recently, the toxicokinetic-toxicodynamic (TKTD) model framework GUTS is
recommended to be used in regulatory risk assessment by EFSA. In the last few
years, individual-based population models (IBMs) are being increasingly applied
in risk assessment that take into account physiological temperature dependencies

as well as the size structure of populations. These models are often coupled to
TKTD effect models, and can be used for extrapolating variable exposure
scenarios to population effects under outdoor conditions. However, TKTD models
usually take neither temperature nor size dependencies into consideration,
although temperature and animal size can have a strong influence on the
parameters of TKTD models. TKTD models normally coupled to individual-based
population models describe only the sensitivity which has been measured for one
specific organism size at only one constant temperature. For practical reasons, it is
not always possible to test the smallest and most sensitive stages of organisms in
the laboratory. In addition, for a realistic effect modeling with dynamic population
models, it is necessary to know the sensitivity of all relevant body sizes.
Measuring sufficient combinations of size and temperature is expensive and time
consuming. An alternative could be the extrapolation of the required TKTD
parameters from laboratory standard tests. Therefore, we examine concepts which
seems to be suitable for extrapolation from the size analyzed to other life stages or
size classes and between different temperatures. This presentation exemplarily
examines the influence of seasonality on population-level toxicity under realistic
field conditions, which considers the dynamic and variable timing of toxic
exposure, body size composition in a population, and environmental stressors over
the year. For this purpose, an individual-based population model for Daphnia
magna is used, which has been coupled to a lake ecosystem model, including the
TKTD model GUTS, which now has been extended by temperature and body size
dependencies. This model approach was used to analyse different scenarios with i)
measured, ii) extrapolated, and iii) ignored temperature and size dependencies of
the TKTD parameters. Therefore, ecological as well as exposure scenarios for
summer and winter conditions were selected, and population size and recovery
time were considered as model endpoints to assess toxic effects on the population
level.
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Toxicokinetic-toxicodynamic modelling of the effects of pesticides on growth
of the laboratory rat, Rattus norvegicus

T.O. Martin, Environment Department, University of York / Environment
Department; R. Ashauer, University of York / Environment; H. Thompson,
Syngenta Ltd / Environmental Safety; P. Thorbek, Syngenta

Ecological risk assessment is carried out for chemicals such as pesticides before
they are released into the environment. Such risk assessment currently relies on
summary statistics gathered in standardised lab studies however, these statistics
extract only very limited information and depend on duration of exposure so
extrapolation to realistic ecological scenarios is inherently limited. Mechanistic
effect models simulate the processes underlying toxicity and so have the potential
to overcome such issues. Toxicokinetic-toxicodynamic (TK-TD) models operate
at the individual level, predicting the internal concentration of a chemical over
time and the stress it places on an organism. TK-TD models are particularly suited
to addressing the difference in exposure patterns between lab (constant) and field
(time varied) scenarios. So far we know very little about predicting sub-lethal
effects of pesticide exposure to mammals, even though such effects are of
particular interest with respect to longer term exposure. We demonstrate that TK-
TD models based on the dynamic energy budget (DEB) theory can be used
effectively with regulatory toxicity test data sets to predict toxic effects on the
growth of rats over time. Model predictions can separate the impacts of feeding
avoidance and toxic action, highlighting which was the primary driver of effects
on growth. Such information is highly relevant to the ecological risk posed by a
compound because in the environment alternative food sources may or may not be
available to focal species. While this study focused on a single endpoint, growth,
this approach could be expanded to include reproductive output. The framework
developed is simple to use and could be of great utility for ecological research and
to risk assessors in industry and regulatory agencies.

Latest Developments and Future Needs for Higher-Tier
Studies, Risk Assessment and Risk Management in the
Regulation of Biocides, Pesticides and Pharmaceuticals (I)
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Investigating the lethal and sub-lethal effects of anti-sea lice therapeutants,
used widely on salmon farms, on the European lobster (Homarus gammarus)
A. Parsons, University of Exeter / Biosciences; R. Escobar, A. Agnalt, O.
Samuelsen, Institute of Marine Research

Sea lice are naturally occurring marine ectoparasites common in salmonid species,
but in high numbers they present a serious problem for the salmonid farming
industry. Sea lice infestations reduce the welfare of farmed fish and cause
significant economic losses to the industry, estimated at €300 million annually
around the globe. The industry heavily relies on the use of therapeutants added to
the water or incorporated into fish feed to control sea lice infestations. These
therapeutants enter the aquatic environment both directly, following the release of
bath treatment effluents, or indirectly via the deposition of uneaten food pellets
and/or faecal matter to the sea floor below the salmon pens. Although widely
used, the acute and sub-lethal effects of these compounds on non-target
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crustaceans are not well known. We carried out a series of acute toxicity tests to
assess the lethal and sub-lethal effects of deltamethrin and azamethiphos, two
important neurotoxic pesticides, on European lobster (Homarus gammarus) larvae
(stage I and II) following an environmentally relevant exposure scenario (1 h).
Mortality and immobility were selected as lethal and sub-lethal toxic endpoints.
We found that exposures to azamethiphos and deltamethrin were lethal to both
larval stages examined, with 1h-LCs, values well below the concentration
recommended to treat sea lice on salmon farms. Interestingly both compounds
also caused significant immobilisation of larvae, and once immobilised the larvae
were unlikely to recover up to 24 h post exposure. In field situations, immobile
individuals would be incapable of maintaining their position in the water column,
unable to avoid predators and unable to feed and therefore are considered to be
ecologically dead. Since ECs values (based on mortality + immobility) were
substantially more sensitive than LCs values, our results suggest that these
compounds may pose a significant threat to non-target species and highlights the
importance of considering ECs, values in risk assessment analyses of pesticides,
particularly neurotoxic compounds such as azamethiphos and deltamethrin. We
have also carried out an experiment examining the uptake and sub-lethal effects of
emamectin benzoate (EMB), the leading in-feed anti-sea lice drug, in juvenile
European lobster following a chronic (49 day) exposure. Sub-lethal effects
examined included changes in gross morphology (body weight, carapace length)
as well as transcriptional responses.

14

Micro-dams on potato fields: consideration in environmental risk assessment
as part of the MAgPIE toolbox

S. Sittig, knoell Germany GmbH / E-Fate Modelling; R. Sur, Bayer AG - Crop
Science Division / Environmental Safety; D. Baets, Bayer AG Crop Science
Division / Sustainable Operations

On sloped agricultural fields, water and sediment can be transported downhill as
run-off and erosion. This process can cause loss of valuable top soil material as
well as transport of plant protection products (PPP) into adjacent surface water
bodies. Farmers may use commercially available equipment to establish so called
micro-dams between the rows of e.g. potato or maize fields to prevent run-off and
enhance water infiltration. In European and US risk assessment for the registration
of PPP, run-off is numerically calculated with the simulation model PRZM which
uses the USDA run-off curve number (CN) concept for predicting the downhill
transport of water and PPP with the runoff water movement. Results from run-off
field trials were used to determine the effect of micro-dams between the ridges of
potato fields on model input parameters. To this end, the relation between
precipitation and runoff was used to derive CN. The impact on the actual risk
assessment is shown with standard FOCUS-PRZM calculations of predicted
environmental concentrations. A numerical study using the spatial model for
runoff, floods and erosion openLISEM is shown to present an alternative way to
estimate the run-off-reducing effect of micro-dams on potato fields. The results
presented here support the approach to quantitatively consider in-field risk
mitigation measures in the context of regulatory surface water exposure
calculations, as proposed by the MAgPIE workshop. In the case of micro-dams,
their mitigating effect can be quantitatively considered by reducing the CN in the
exposure scenarios appropriately.
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Higher tier testing- When reality does not meet expectations: a tale of two
copepods

M. Staggs, Smithers Viscient / Ecotoxicology; M.J. Bradley, Smithers Viscient,
LLC / Ecotoxicology; T. Mathieu, M.L. Johnson, Smithers Viscient /
Ecotoxicology

Higher tier testing is a valuable tool in assessing the risk of plant protection
products (PPP) to aquatic and terrestrial organisms; however, higher tier testing
comes with a unique set of challenges. One of these challenges is determining
which species to use when developing a species sensitivity distribution (SSD)
based on standardized laboratory tests. When selecting species, there are some
aspects to consider, such as whether or not there is a published guideline or test
method, if there are defined endpoints and acceptability criteria, and if the
organisms are readily available from a reliable supplier. While these are all critical
aspects of a higher tier test, the most critical question for the performing
laboratory is “can we successfully conduct this test?”” Smithers Viscient conducted
a series of full life-cycle toxicity tests to produce an aquatic invertebrate SSD for a
PPP. Among the species selected for this program were two copepods, Tisbe
battagliai and Amphiascus tenuiremis. Guidance for copepod testing exists in the
form of a new guidance document in the OECD Series on Testing and
Assessment, Number 201. The methods described in this guidance document are
specific to Amphiascus and have been developed and validated through a series of
inter-laboratory tests. Tishe was initially included as a possible species during
development of the test method, but was ultimately excluded due to inconsistent
performance and a lack of interest among validation participants. Published
literature on the use of Tisbe for laboratory toxicity testing is available, but no
formal test method exists; therefore, several modifications to the 201 guidance
document were necessary to conduct testing with 7ishe. With a formal, validated
guidance document supporting Amphiascus as an appropriate test species, an

expectation for success was set. Given the lack of supporting information on test
methods with 7Tisbe, there was a greater uncertainty of success with this species
and its fit within the SSD. This presentation will review the results of the toxicity
tests conducted with these two species.
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Optimising mesocosm study design to derive reliable and robust community
endpoints

M. Brown, Cambridge Environmental Assessments (CEA); J. Ashford,
Cambridge Environmental Assessments; N. Taylor, Cambridge Environmental
Assessments (CEA) / Ecotoxicology

Aquatic freshwater mesocosms are designed to represent edge of field water
bodies by creating a habitat that will support communities of aquatic macrophytes,
algae, zooplankton and macroinvertebrates in a contained system. The EFSA
guidance document on tiered risk assessment for plant protection products for
aquatic organisms in edge-of-field surface waters [1], makes recommendations for
a minimum of 8 sensitive/vulnerable taxa with acceptable minimum detectable
difference (MDD) values to be tested. MDD values are useful in the interpretation
of mesocosm data as they provide information on the probability that the
statistical test will find differences between the treatment and controls. If MDD
values are >100%, the power of the test is too low to demonstrate treatment
related declines, therefore Brock provides further recommendations on the EFSA
guidance for the improvement of MDD values and statistical power of mesocosm
studies through improving the efficiency of sampling [2]. Sampling techniques
that increase the number of individuals and reduce variability can reduce %MDD
values. Therfore, it is vital to design and set up a mesocosm study that will
support high species richness and abundance to achieve these requirements.
Furthermore, the design of the individual mesocosm itself has an important role to
play in the success of a study and the reliability of the data obtained. Here, we
present case studies using historical CEA mesocosm data to highlight how
improvemtents to mesocosm study designs based on the recommendations by
Brock et al. affect MDD values. We will do this by conducting univariate statistics
to calculate MDD values and comparing data from old mesocosm designs and
new and updated mesocosm study designs. Improved mesocosm designs and
sampling methodologies include using multiple plant health and growth measures,
counting a higher proportion of phytoplankton sub samples and increasing the
number of macroinvertebrate and emergent insect traps per mesocosm. Using
these case studies we hope to demonstrate that our improvements to mesocosm
study design will result in data that has the statistical power required to show
community level effects. This is achieved by increasing the number of individuals
counted in order to increase the statistical power and reduce %MDD values. In
addition the improvement of measurement or sampling techniques that increase
the number of endpoints can reduce variability and provide more reliable and
robust data.

17

The field study conundrum

F.M. Bakker, Bakker Consultant; S. Aldershof, Bioresearch & Evaluation
Arthropod field studies are unique in providing comprehensive ecological
complexity at a relatively small spatial scale. Arthropod communities are not only
highly speciose, they also cover a broad spectrum of activity patterns, habitat use
and autecological traits that ensure full coverage of potential exposure scenarios.
This diversity at the scale of the farm or below suggests a high degree of spatial
variability that may be at odds with replicated plot study designs. Indeed,
variability is an epithet applied to field studies and usually in negative
connotation, however mostly without specification. We evaluate different
parameters that may describe different aspects of variability, in particular
abundance, species composition and response to exposure. First, we look at pre-
treatment variability in species abundance and discuss strategies to cope with pre-
treatment variability. In addition to variability in abundance, arthropod
communities may also vary in species composition. Again, this is often regarded
as a potential issue when it comes to extrapolating study results. We compare an
array of arthropod communities at different sites over a period of 10 years and
evaluate their compositional similarity at an appropriate taxonomic level.
Subsequently, we compare community responses to reference insecticide
treatment for a range of field studies and evaluate the variability in observed
response. Although definitely more realistic than any lower tier study or model, a
field study still represents a worst-case situation. The direct overspray of hay
meadows to simulate spray drift events ensures uniform exposure over extended
areas. Likewise, the high spray volumes and restrictions on maintenance
treatments in studies in commercial cropping systems are worst case. In technical
regard field studies can be considered sufficiently protective. However, the match
of spatial scale with species mobility traits may constrain the practical scope of
field study results. We investigate whether plot sizes chosen for typical study
durations match with motility records and evaluate the temporal pattern of
recovery from insecticide treatment for a suite of arthropod taxa. Finally, for
certain species, effects at larger spatial scales can be expected on theoretical
grounds. We evaluate the potential for overlooking such “action at a distance” by
comparing mobility and sensitivity of different taxa relative to most sensitive
species endpoints.
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Avian reproduction under real conditions: how to deal with variability and
extrapolation in bird nest monitoring studies

A. Russ, Tier3 Solutions GmbH; R. Dittrich, Tier3 Solutions GmbH / Wildlife
Ecology; M.M. Benito, Tier3 Solutions GmbH; S. Norman, RidgewayEco
According to the relevant guidance in the EU (EFSA guidance document 2009,
GD) nest monitoring is an option to verify acceptable risk of plant protection
products (PPPs) to the reproductive performance of birds. Such a higher-tier study
provides a maximum level of realism as all routes of exposure are included.
Moreover, there are a range of well-established methodologies and statistical
approaches for nest monitoring studies and sufficient sample sizes are relatively
easy to obtain. However, as no detailed information is given in the GD about the
appropriate study design there are concerns whether the natural variability can be
covered and the extrapolation of results among different studies is questioned.
Nest monitoring studies are thus an ideal example to discuss the regulatory
expectations on higher tier studies and to demonstrate how guidance on the study
design will help to deal with the issues of variability and extrapolations. A case
study is used to illustrate the basic approach of nest monitoring studies in ERA for
PPPs. Breeding parameters were monitored for tit species in conventional (applied
with organophosphate [OP]) and organic pome fruit orchards in 2013 and 2014 in
UK. The fate of nests was monitored at fixed intervals. The data evaluation
included endpoints used in avian reproduction lab tests and advanced statistics for
nest survival (logistic exposure models) for each species. The breeding parameters
obtained for great tit pairs were compared with published literature for the same
species in pome fruit orchards in France. In total, the fate of 465 active nests was
monitored. Despite of the natural variability, the main pattern underlying the nest
survival could be identified. The model of nest survival revealed a significant
effect of the breeding date and year. The nest survival probability was not
significantly affected by the OP application. The values of the measured breeding
parameters in the pome fruit orchards in UK are very similar to those obtained in
France. This similarity shows that a typical situation was studied and provides
great confidence that the observed absence of effects can be extrapolated to pome
fruit orchards in general in the central zone. These results and the comparison with
published data shows that nest monitoring studies can be a valuable tool in ERA
of the PPP risk to birds and therefore they should be part of the revision of the
EFSA GD on birds and mammals.

Endocrine Disruption in Invertebrates: Historical
Perspectives, New Developments, and Key Research Needs
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Levels and trends of tributyltin (TBT) and imposex in dogwhelk (Nucella
lapillus) in Norway from 1991 to 2017

M. Schgyen, Norwegian Institute for Water Research (NIVA) / Centre for Coastal
and Marine Research; N.W. Green, NIVA Norwegian Institute for Water
Research / marine pollution; D. Hjermann, Norwegian Institute for Water
Research NIVA / Oceanography; L.A. Tveiten, Norwegian Institute for Water
Research NIVA / Marine Biology; B.A. Beylich, S. @xnevad, Norwegian Institute
for Water Research NIVA / marine pollution; J. Beyer, NIVA Norwegian
Institute for Water Research / marine pollution

The banning of organotin biocides, such as tributyltin (TBT), from use in marine
antifouling paints is leading to reproductive health recovery in marine gastropod
populations all over the world. TBT induces so-called imposex (superimposition
of male sexual characters onto females) in certain marine gastropods, such as the
common dogwhelk Nucella lapillus. Imposex is caused by the ecotoxic non-target
effect of organotin antifoulants. In this study, the results of the Norwegian TBT
and imposex monitoring in N. lapillus from the period 1991-2017 are presented.
TBT-exposed females can develop irreversible and non-functioning male sex
characteristics such as a vas deferens and a penis like organ. In late stages of
development, females may become sterile or even die prematurely causing
imposexed snail populations to decline and sometimes go extinct. This biological
effect in N. lapillus is quantified by the Vas Deferens Sequence Index (VDSI) and
Relative Penis Size Index (RPSI). The TBT/imposex monitoring was conducted at
eight coastal stations representing the Norwegian coast. Subsequently, 50
specimens from each station was analysed individually for imposex/VDSI and
pooled (only females) for TBT. In 2017, no sign of imposex (VDSI=0) was found
in N. lapillus in any of the monitoring stations along the Norwegian coastline, for
the first time since the monitoring started in 1991. There were significant
downward trends for both TBT and VDSI, or low levels. Good correlations
between TBT and VDSI, TBT and RPSI, and VDSI and RPSIin N. lapillus were
found. The legislation banning use of TBT (in 1990, 2003 and 2008) have been
effective in reducing imposex/VDSI in N. lapillus and have re-established some of
the populations. This monitoring data confirm the rationale of implementing strict
international regulations on industrial chemicals when these can be linked to
ecological perturbations in coastal ecosystems.

20
Do we need a paradigm shift in how we view mollusc endocrinology to

protect molluscs from possible endocrine disruption?

A. Baynes, Brunel University London / Institute for the Environment

Molluscs make up a large and diverse phylum, second only to arthropods in the
number of species. Molluscs are vital components of most ecosystems and are of
great economic significance across the world both in terms of their value in
aquaculture (e.g. oysters) and their impact as agricultural pest species (slug and
snail damage) and as intermediate hosts for parasites (transmitting flukes and
trematodes). Molluscs have also been subject to one of the best known cases of
wildlife endocrine disruption caused by environmental chemicals, namely, the
masculinisation of female marine gastropods, known as ‘imposex’, by the anti-
fouling compounds such as tributyltin (TBT). Given the above, surprisingly there
are still large fundamental knowledge-gaps in our understanding of mollusc
developmental and reproductive endocrinology and misconceptions still prevail.
For example, early gastropod imposex research initially suggested that TBT’s
masculinising effects were due to disruption to the steroid enzyme aromatase, and
a subsequent increase in circulating androgen (e.g. testosterone) levels. In a
vertebrate system this would certainly make sense as a driver of masculinisation.
However, subsequent research has shown TBT’s imposex effects are initiated via
peroxisome proliferator—activated receptor (PPAR) and retinoid X receptor (RXR)
interactions, and recent whole genome assessments for a number of mollusc
species have found no homologous genes for aromatase and no mollusc nuclear
androgen receptor. Nevertheless, ecotoxicology studies are still being published
with mollusc ‘aromatase’ and testosterone levels given as biomarkers of chemical
exposure. Recent research in our lab suggests that another steroid enzyme, 5-
alpha-redutase which genomic evidence suggests molluscs do have, can be
disrupted and has striking and highly reproducible developmental effects. I
suggest that there is a pressing need to stop viewing mollusc endocrinology
through a vertebrate lens and start focusing on the receptors, enzymes and
transport proteins we know they have. We now have powerful molecular tools to
investigate mollusc endocrinology, in order to understand the possible effect of
environmental chemicals — we just need to start using them.
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Daphnia as a test organism for endocrine disruption

D. Basili, Marche Polytechnic University / Deparment of Life and Environmental
Sciences; P. Antczak, University of Liverpool / Institute of Integrative Biology; T.
Iguchi, National Institute for Basic Biology / Molecular Environmental
Endocrinology; K. Tollefsen, NIVA / Ecotoxicology and Risk Assessment; F.
Falciani, University of Liverpool / Institute of Integrative Biology

Recently, there has been increasing evidence that chemicals that act as endocrine
disruptors may have an effect in invertebrates, mainly insects and crustaceans.
Daphnia magna has been proposed as a model organism for environmental
ecotoxicology being a good biosensor for endocrine disruption because these
chemicals may act by the juvenile and moulting hormone, endocrine hormones
controlling development and growth. However, so far there is no direct evidence
that all chemicals that are known endocrine disruptors in vertebrates truly act on
this D. magna pathways. Here we address this question by first constructing gene
expression signatures representing Daphnia response to both Juvenile and
moulting hormones and then by comparing a panel of chemicals to the reference
expression profiles of these two hormones. Interestingly, we identified Diazinon
and Atrazine on one side and I-cyhalothrin and bifenthrin on the other one, to have
a similar expression profile to either juvenile and the moulting hormone,
respectively. We also set to experimentally validate our hypothesis. This finding is
consistent with the working hypothesis that ED’s act affecting these hormones
signalling pathways. Our findings suggest that the approach we have developed
could be used to identify novel endocrine disrupting compounds hence supporting
the use of Daphnia magna for rapid screening in risk assessment

22

Disruption of Biological Rhythms by Environmental Stressors: An
Ecdysteroid-Regulated Biorhythm

G.A. LeBlanc, S.M. Street, S.A. Eytcheson, North Carolina State University /
Biological Sciences

Biological rthythms are maintained by molecular clocks that regulate diverse
biological processes that maximize individual survival and population
sustainability. Disruption of these rhythms by environmental chemicals and other
stressors can compromise population-relevant processes such as development,
growth, and reproduction. The molecular constituents of some of these molecular
clocks have been well described (e.g. circadian clocks); while, others remain
poorly understood. Among the latter are infradian clocks, time-keepers that
maintain biological rhythms of greater than 24 hours. We used the infradian
rhythm of molting in the crustacean Daphnia magna to develop a model for the
regulation of this rhythm and to identify possible targets of disruption of the
rhythm by environmental stressors. Results generated to date, support a molecular
model for the regulation of the molt infradian rhythm as follows. Each cycle
within the molt rhythm is initiated by a pulse of the hormone 20-
hydroxyecdysone. This hormone induces the expression of two known clock
proteins E75 and HR3. E75 suppresses the transcriptional activity of HR3 through
dimerization. This dimerization stalls the clock mechanism and allows for
sufficient time to pass for the development of embryos prior to their release at the
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end of the cycle. Nitric oxide binds to E75 causing the release of HR3 from the
E75 causing the resumption of the clock. HR3 induces the expression of the
transcription factor FTZ. FTZ then induces the expression of enzymes involved in
the next 20-hydroxyecdysone pulse. This pulse demarcates the end of one cycle
and the beginning of the next cycle within the rhythm. Exposure of daphnids to
suppressors of E75 expression or function extended the time required for the
sequence of molecular events, increased time to reproductive maturation, reduced
growth, lengthening of the period between molts, and reduced offspring
production. All effects were consistent with our model for the regulation of this
infradian rhythm. Results indicate that E75 may function as a target of chemically-
induced disruption of this, and possibly other biorhythms. The simultaneous
disruption of the multiple processes regulated by the infradian rhythm by
environmental chemicals could have profound adverse consequences on
population sustainability
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Endocrine regulation and disruption of molting in arthropods: Mechanistic
understanding and adverse outcome pathway development

Y. Song, Norwegian Institute for Water Research (NIVA) / Ecotoxicology and
Risk Assessment; K. Toyota, Kanagawa University; C. LalLone, U.S.
Environmental Protection Agency / Mid Continent Ecology Division; . Evensen,
Norwegian University of Life Sciences; T. Rundberget, Norwegian Institute for
Water Research; N. Reyero, US Army Engineer Research and Development
Center; EJ. Perkins, U.S. Army Engineer Research and Development Center /
Environmental Laboratory; T. Iguchi, YOkohama City University / Molecular
Environmental Endocrinology; D.L. Villeneuve, U.S. Environmental Protection
Agency / Mid-Continent Ecology Division; K. Tollefsen, NIVA / Ecotoxicology
and Risk Assessment

Molting is key to growth, development and reproduction in arthropods, and is
precisely regulated by ecdysteroids through activation of the ecdysone receptor
(EcR). Endocrine disrupting chemicals (EDCs) mimicking the actions of
ecdysteroids have therefore been developed as pesticides to combat harmul
arthropods. These chemicals, however, may also affect nontarget organisms due to
highly conserved endocrine systems in arthropods. Due to the high number of
potential EDCs and arthropod species in the environment, it is not possible to
perform hazard assessment for all chemical-species combinations. Better
mechanistic understanding of molting disruption by different EDCs and in
different taxa, and the development of universal models for arthropods in general
are needed. The present study therefore employed the adverse outcome pathway
(AOP) concept with the main aims of investigating the molting regulatory
pathways in arthropods and evaluating a conceptual AOP for molting disruption
using the aquatic crustacean Daphnia magna. An extensive literature survey was
performed to summarize existing knowledge and develop a conceptual pathway
network (CPN) for understanding the molting regulatory processes in arthropods.
The conservation of key proteins involved in the regulation of molting was
assessed using the SeqAPASS tool. A conceptual AOP was developed based on
the CPN and a number of key toxicity pathways leading to lethal molting
disruption were highlighted. The AOP was submitted to the AOPWiki (AOP #4).
Experimental evaluation using D. magna showed that four known insect EcR
agonists were able to bind to the D. magna EcR. The in vivo study revealed an
apparent increase and subsequent decrease of the ecdysteroid titer required for a
succesful molt cycle in D. magna, which complied with knowledge from insects
and other crustaceans. Exposure of D. magna to the endogenous ecdysteroid 20E
showed impaired molting, ovulation, feeding, cuticle structure, and increased
mortality. Multiomics analysis (RNAseq, iTRAQ proteomics and lipidomics)
further revealed that a number of genes, proteins and lipid metabolites were
mapped to the CPN, indicating similar endocrine regulation of molting in D.
magna compared to other arthropods. The present study has provided substantial
mechanistic insights into molting regulation and disruption in arthropods and
developed the first invertebrate endocrine disruption AOP to facilitate next
generation hazard and risk assessment of EDCs.
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Using endocrine disrupting parasites to inform endocrine disrupting
chemicals: a molecular to population level approach

A. Ford, University of Portsmouth / Biological Sciences; S. Short, Cardiff
University; Y. Guler, M. Bossus, University of Portsmouth; A. Green Etxabe,
CEH Wallingford; I. Martins, CIIMAR University of Porto; S.A. Kohler,
University of Portsmouth / Aquatic Biology; P. Kille, Cardiff University

Many aquatic invertebrates are prone to infections by parasites which can alter sex
ratios and behavior along endocrine-mediated pathways. These parasites, despite
sometimes ignored or considered an inconvenient ‘noise’ in environmental
monitoring have the capacity to inform and conceptualize the impacts of
endocrine disrupting chemicals. For example, incomplete feminization by
parasites can sometimes leave populations with a very high prevalence of
intersexuality. Intersex specimens carry of a burden of altered growth,
reproduction, and immunity which can be modelled. In addition, behavior-altering
parasites utilizing serotonin-mediated pathways can leave organisms with a 20-
fold increased likelihood of predation. The molecular, individual and population-
level impacts of these parasites have been well characterized within the fields of
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ecological research. Here we provide a body of research into crustaceans which
have feminizing and behavioral altering parasites that are being used to determine
adverse outcomes (AOs) for reproductive and neurological endocrine disruption
using transcriptomic and population modeling approaches. Using the amphipod
(Echinogammarus marinus) as a model, we have determined the differential gene
expression of specimens with parasite and non-parasite mediated intersexuality.
‘We highlight that existing vertebrate biomarkers of feminization should not be
applied to crustaceans, as orthologous genes are not induced in feminized
amphipods. Furthermore, in contrast to vertebrates, where feminization and
intersexuality are often associated with deleterious de-masculinization, we find
males maintain masculinity even when unambiguously feminized. This reveals a
considerable regulatory separation of the gene pathways responsible for male and
female characteristics and demonstrates that evidence of feminization (even if
detected with appropriate biomarkers) is not a proxy for de-masculinization in
crustaceans. Moreover, we have used behavioral and serotonin altering parasites
to develop behavioral tests to inform serotonin altering pollutants such as
antidepressants. These intern have revealed insightful biological pathways using
high-throughput sequencing approaches. All these reproductive and behavioral
costs have been used to parametrize a dynamic deterministic population model
over 10-year scenarios striking effects on long-term populations.

Measuring the Sustainability of Circular Economies: the
Potential of LCA
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Improving the effect of circular procurement: Three aspects of measuring
sustainability impact

M. Zijp, J.T. Quik, RIVM / DMG; E. De Valk, E. Dekker, National Institute for
Public Health and the Environment RIVM; L. Posthuma, RIVM / Centre for
Sustainability, Environment and Health

‘He who pays the piper calls the tune”. The Dutch government spends 73 billion
Euro per year, while at the EU level the amount totals to 1.8 trillion Euro per year.
This large public spending power is strategically supportive to stimulate
sustainable procurement, forwarding policy goals such as increased resource
efficiency through a circular economy and climate change reduction. Sustainable
procurement is already practiced for more than 15 years in the Netherlands and
other EU countries a-like. And circular procurement, which is one form of
sustainable procurement, attention. For circular procurement sustainability impact
measurement has three applications during the procurement procedure. These are
1) potential impact assessment in order to determine for which products or
services circular procurement (which is often an investment in terms of capacity)
is most beneficial; 2) comparative impact assessment, to choose between optional
products and services; 3) to evaluate the actual impact of the sustainable and
circular procurement during and after contract management and stir for further
improvement. Life Cycle Analysis (LCA) plays a role in all three aspects, but
different with regards to scope, requirements for the inventory, and quality
assessment. In 2018 the actual effect of this policy instrument, sustainable
procurement, among which circular procurement, was evaluated in the
Netherlands for 16 product groups. 150 procurements where analysed, of which
117 showed to take sustainability into account. The contracting authorities of
these procurements were contacted to check if the finally supplied products or
services where indeed more sustainable than the market average. LCA was used to
estimate the difference between the supplied and the market average. This
difference is an indication of the effect of sustainable procurement, which was e.g.
expressed in CO, equivalents 5 megaton over the whole contracts of the products
and services supplied. Hence, public procurement has great potential to contribute
to sustainable transitions, like toward a more circular economy. By measuring the
actual impact, lessons can be learned for realising this potential.
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Interpreting LCA results from a life cycle and circular economy perspective:
Application of the Life Cycle Gap-Analysis

M. Dieterle, Fraunhofer Institute for Chemical Technology ICT / Environmental
Engineering; T. Viere, Pforzheim University / Institute for Industrial Ecology

The interpretation of LCA results from a LCG-A perspective allows to analyze the
consequences of product innovations & new technologies with regard to both,

the vision of circular economies and the actual consequences for current life cycle
systems. In other words: the LCG-A visualizes the distance between an ideal
closed system and the status quo in a simplified way, without ignoring trade-offs
across the entire life cycle. LCG-A thereby supports various stakeholders from
research and development, industry and politics by analyzing the consequences of
their ideas and decisions for individual products. The application of the LCG-A is
demonstrated based on a virtual case study of a lithium-ion (li-ion) battery for e-
mobility.
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Using relative market prices to better evaluate the environmental benefits of
the circular economy

D. Schrijvers, ISM / ISM CyVi; P. Loubet, CyVi-ISM / ISM CyVi; G.



Sonnemann, University of Bordeaux / ISM CyVi

To verify whether recycling or other Circular Economy strategies are
environmentally beneficial, we need to compare the life cycle impacts of the CE
activity with a scenario in which this activity is not implemented. Functional
comparability is a key issue in any comparative LCA — especially comparing a
recycled (or reused, remanufactured, etc.) product with a primary alternative — but
also in the modelling of substitution related to the use or the supply of a recycled
material. A general assumption in LCA is that a recycled product is 1:1
comparable to its primary equivalent. However, this assumption is often
inaccurate due to differences in quality or even image. Furthermore, changes in
material properties can cause that the recycled material is competing with a
primary material of a completely different nature. We propose to use the relative
market price between the recycled product and the substituted primary product (4)
as an indicator for functional comparability. If the products have the same price
(i.e. 4 = 1), the products are fully comparable, and substitution could be modeled
according to the end-of-life recycling method. A different price (i.e. 4 # 1) could
indicate that the recycled product substitutes a product in a different market
segment due to a changed functionality, quality, or a different image. In this case,
a closer substitute could be identified in a different market segment. Alternatively,
the use of the recycled product could lead to downstream drawbacks and/or
benefits, which should be integrated both into the calculation of the market-price
ratio and into the life cycle inventory. Finally, if the user of the recycled product
experiences a financial benefit (i.e. 4 < 1), the demand for the recycled product is
(partly) constrained, which is especially relevant in a consequential LCA. The
latter implies that there is a surplus of the material and substitution is (partially)
modelled by avoided or additional waste treatment. This approach enables to
make two product systems more comparable by considering realistic substitutes
and downstream effects of using a recycled product. The market-price ratio 4 can
be easily integrated into the “Circular Footprint Formula” of the Product
Environmental Footprint Guide of the European Commission to better model
substitution in an LCA. Finally, this approach provides the perspective to put a
price on externalities, which would improve the representation of factor 4.
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Quantifying net environmental and economic benefits of food waste
prevention actions

V. De Laurentis; C. Caldeira, EC JRC / Directorate D Sustainable Resources,
Bio-Economy Unit; T. Sinkko; S. Sala, European Commission - Joint Research
Centre / Bioeconomy unit

A methodology to evaluate the effectiveness of food waste prevention actions
based on Life Cycle Assessment (LCA) and cost benefit analysis is presented.
This enables to quantity the net environmental benefits of an action by
considering three components: (i) the environmental impact embedded in the
avoided food waste up to the stage of the supply chain where the food waste is
diverted, (ii) the environmental impact associated with the waste treatment of the
avoided food waste and (iii) the environmental burden of the action
implementation. Similarly, a cost benefit analysis is performed considering: (i) the
cost of the food items saved, (ii) the cost of the avoided waste treatment and (iii)
the cost of the action implementation. Following this approach, a tool was
developed to enable users (mainly non-LCA experts) to perform the evaluation of
a specific food waste prevention action by introducing the following information:
the amounts and types of food items diverted from waste, the stage of the supply
chain at which the food waste is avoided, the country where the action takes place,
the type of waste treatment that would have been used had the waste been
generated, the resources used in implementing the action and the overall cost of
the action. An example of application of the methodology developed and the
related tool is provided, by quantifying the environmental and economic benefits
of an existing food waste prevention action. The influence of some of the action
parameters over the results are tested through a sensitivity analysis, to identify the
most relevant aspects to consider when designing an action in order to maximise
its impact in terms of environmental and/or economic gains. The adoption of a life
cycle approach minimizes the risk of burden shifting (i.e. by identifying situations
in which the prevention action presents a burden on the environment that
outweighs the benefits achieved) and can support in the design of effective food
waste prevention actions. Finally, the results provided by the tool can be used to
communicate the positive impact achieved through an action.
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Life Cycle Assessment of asphalt pavements containing plastic waste as
secondary raw material

E. Rosa, University of Milano-Bicocca / Department of Earth and Environmental
Sciences; G. Magatti, University of degli Studi di Milano Bicocca; M. Perucca,
Project HUB 360; P. Mantecca, University of Milano - Bicocca / Department of
Earth and Environmental Sciences

In Europe, in the last decade, an increasingly share and quantity of post-consumer
plastic waste has been sent to recycling, the 31.1% of all plastic waste collected.
Nevertheless, most of what is collected is still sent to landfill or energy recovery
and even a part of plastic waste supposed to be recycled is incinerated. Therefore,
to avoid the loss of potential secondary raw materials, research should explore
new sustainable recycling paths, according to the circular economy approach. One

of this path can be the utilisation in the asphalt mixture of plastic waste otherwise
destined to incineration, in order to improve the performance and thus lifespan of
asphalt pavements. The present study uses the LCA methodology to assess a new
process, developed to produce an asphalt that contains a super-modifier made out
of recycled plastic, which improves the asphalt performance. The main goal is to
quantify the environmental impacts of the new and the conventional processes and
to compare them, focusing on the Italian context. The evaluation encompasses the
asphalt mixture production process, from raw material extraction/collection to the
production of asphalt mixture, and, besides the conventional flows (aggregates,
bitumen and reclaimed asphalt pavement), it includes the additional flow of plastic
waste used to produce the super-modifier. The functional unit was defined as one
kilometre of extra-urban road; impacts are also expressed in terms of performance,
referring to ESALs (Equivalent Single Axle Load). Preliminary results of the
ongoing analysis shows that, for all the impacts categories of both CML2001 and
Impacts ILCD/PEF recommendation impact assessment methods, the
environmental impacts of the asphalt containing the super-modifier is lower than
the conventional one, considering also the estimated lifespan related to the
performance improvement. At this stage, the assessment indicates that the use of
plastic waste as an ingredient in the asphalt mixture is able to enhance the
structural performance while reducing the environmental impacts. The inclusion
of the phases following the production process, namely road construction
maintenance and EoL, will represent the next step of the analysis and allow a
more accurate and complete assessment.
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Target and NonTarget Mass Spectrometry for Human and
Environmental Exposure Assessment (l)
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Complementary methods for extending chemical space coverage using EPA's
Non-Target Analysis Collaborative Trial mixtures

R. Singh, University of Luxembourg / Office of Research and Development
National Exposure Research Laboratory; A. Chao, Student Contractor at US
Environmental Protection Agency / Office of Research and Development National
Exposure Research Laboratory; X.R. Xia, North Carolina State University /
CCTRP/CVM; D. Shea, Statera Environmental, Inc.; J.R. Sobus, US EPA / Office
of Research and Development National Exposure Research Laboratory; E.
Schymanski, University of Luxembourg / Luxembourg Centre for Systems
Biomedicine (LCSB); E.M. Ulrich, U.S. Environmental Protection Agency /
Office of Research and Development National Exposure Research Laboratory
The EPA’s Non-Targeted Analysis Collaborative Trial (ENTACT) was designed,
in part, to characterize current methodological strengths and weaknesses and
enables participants to identify knowledge gaps in their analysis workflow.
Composed of 1269 unique ToxCast chemicals, ENTACT samples comprise 10
mixtures (numbered 499 to 508) of varying complexity in terms analyte number
and presence of isomers and/or isobars. These mixtures were analysed using
hydrophilic interaction chromatography (HILIC) and reversed phase (RP)
chromatography with a quadrupole time-of-flight mass spectrometer to investigate
how chromatography affects analyte detection. In mixture 505, with 365 total
analytes, 13 of 14 highly polar compounds (negative log Kow) were not observed
in RP (+ESI) but showed a marked increase in ionization efficiency (300 to
2000% improvement in ion count), and improved retention in HILIC. On the
contrary, analytes like 1,1,3-trimethyl-2-thiourea and acetazolamide (log Kow= -
0.09 and -0.37, respectively) were observed in RP alone. Further analysis of the
mixtures was performed with atmospheric pressure chemical ionization (APCI)
and electrospray ionization (ESI) connected to an Orbitrap mass spectrometer; 136
compounds ionized exclusively in APCI while 192 ionized exclusively in ESI. In
total 540 unique compounds were observed in both ionization modes.
Cheminformatic fingerprinting was performed to determine if functional group
trends may help predict whether a molecule will ionize in APCI or ESI. For
example, molecules containing the following substructure groups: ring:
hetero_[6]_N_triazine_generic, ring: hetero_[6]_N_triazine_(1_3_5-), bond:
CN_amine_sec-NH_aromatic_aliphatic, bond: CN_amine_aromatic_generic
preferentially ionize in APCI. These results can be used to predict the ionization
behaviour for untested chemicals to improve the chances of successful detection
and can also provide further evidence to identify unknown chemicals. In addition,
adjustments to the spectral processing software RMassBank during the ENTACT
trial further revealed that organometallic species should be considered in non-
target studies using LC-HRMS. Taking both chromatographic and ionization
approaches together, it is demonstrated that chemical space coverage is improved
using complementary approaches. We conclude that HILIC should be used to
complement RP instead of as an alternative. In the same manner, APCI should
also be used in conjunction with ESI to expand coverage.
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Why we can't cover industrial chemicals in mass spectrometry screening, and
what to do about it

S.C. Fischer, Swedish Chemicals Agency / Development of Leislation and Other
Instruments

A traditional non-target screening of an environmental sample (e.g. waste water)
normally ends up in a surprisingly few industrial chemicals. The Swedish
Chemicals Agency (Keml) have therefore started up a collaboration with
analytical reseach laboratories to found out the reasons and what to do about it.
One observtion made is that current reference libraries for identifcation are not
god enough for identification of industrial chemicals. One reason for this may be
that chemical identity and structure data are mainly stored in regulatory databases
with limited public access. To test this hypothesis KemlI created a suspect list
chemicals in commerce according to our different regulatory databases, called
KemlI Market list. The list contains more than 30.000 susbtances. The original list
contains CAS number, chemical name and monoisotopic mass. Two prioritisation
score where added to support the prioritisation among all candidates. One on the
probability of a correct match, based on use pattern (Exposure Score), and one on
hazard based on the Hazard classification system CLP (Hazard Score). The
database matching (against adduct corrected m/z data) was made at KemI. KemlI
made a primary prioritisation on the probability and the regulatory concern, and
return the result to the laboratory for futher identification. The results show that
the number of identified industrial chemicals increase. An other limitation
observed is that industrial chemicals in regulatory databases normally are
identified with CAS numbers. CAS numbers are not always related to a specific
structure. This is especially common for industrial chemicals. This make it
difficult for a authority to use CAS numbers to found the souce in the society for
an identified chemical. The over all conclusion is that non-target screening for
regulatory purposes demands better communication and further standardisation.
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Quality assurance and quality control of non-target screening of emerging
contaminants in human urine by LC-HRMS

N. Caballero, C. Gys, P. Vervliet, G. Malarvannan, A. Covaci, University of
Antwerp / Toxicological Center

The concept of contaminants of emerging concern (CECs) refers to compounds
that are not (yet) included in monitoring programs because they are new or their
presence in the environment has not been elucidated or understood. However, they
may have the potential to exhibit toxicity in humans and wildlife. The impacts of
human exposure to mixtures of chemicals are poorly understood, because
biomonitoring campaigns do not include CECs. Therefore, there is an urgent need
to establish a set of representative biomarkers to assess the human exposure to
mixtures of CECs. Human urine is a complex matrix and the expected
concentration for most of the CECs is at trace levels. In addition, presumably
many types of contaminants are metabolized through different pathways and
(partially) excreted through the urine. Non-target screening analysis of human
urine samples by high resolution mass-spectrometry is able to provide an
overview of the presence of CECs in the population. However, despite the
attractive features of this novel strategy, it is facing a lack of harmonized methods
that would permit obtaining comparable and high quality results. Quality
assurance(QA) is defined as a set of activities or procedures which are adopted in
a laboratory to ensure that all quality requirements will be fulfilled. Meanwhile,
quality control (QC) refers to operational techniques and activities that are used to
fulfill requirements for quality. To facilitate the development of reliable and
comparable non-target/suspect screening workflows for the assessment of CECs in
human urine by liquid chromatography coupled with high resolution mass
spectrometry (LC-HRMS), we will further develop a generic QA/QC framework.
The achievement an actual and representative fingerprint of CECs in human urine
is a challenge that requires the establishment of the proper QA/QC for each
individual step of the workflow. Although the establishment of a detailed list of
QA/QC represents a good starting point to get to a harmonized approach of non-
target/suspect screening methodologies in human urine analysis. However, more
effort in this direction is still needed owing to the premature status of the major
workflows in this field.
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Improving Confidence for Phthalate Metabolite Identification by
Fragmenention Pathways in LC-HRMS Based Non-Targeted Screening of
Human Urines

Y. Feng, Z. Guo, Health Canada; J. Wang, Chongqing University; Y. Li, S.
Huang, Health Canada

Humans are exposed to thousands of synthetic chemicals such as plasticizers that
are used in many commercial products. Targeted monitoring methods using
gas/liquid chromatography — mass spectrometry are sensitive ways to provide
quantitative information in surveillance of well-known chemicals in exposure
science, but only a small portion of chemicals in commerce have ever been
monitored by this technique. Top on hundreds of new chemicals created from
industries every day, the transformation of legacy compounds under
environmental conditions can also produce thousands of unknown new
compounds. With growing interest in causes of human diseases from exposure to
contaminants in the environment and the needs of many governments to evaluate

exposure risks to emerging substances and new chemicals to ensure human health,
non-targeted screening methods using high-resolution mass spectrometers have
become important in suspect-screening and identification of unknown metabolites
in human biofluids as exposure biomarkers of emerging contaminants for risk
assessment. While workflows have been developed for these methods, high-
throughput database match for suspects and structure elucidation for real
unknowns in complex matrices are still challenging. Especially, the lack of first-
order MSMS fragment spectra from reference compounds impedes unambiguous
assignment of unknown metabolites in human samples. The fragmentation
pathways in MS/MS scan from the same group chemicals with similar structural
skeletons are considered to be promising tools to fill this gap with the objective of
increasing the identification confidence for unknown metabolites of certain group
of chemicals. In this presentation, new workflows have been established to
improve the identification of unknown compounds derived from LC-HRMS-based
non-targeted screening analysis in both full-scan and auto-MSMS scan modes.
Different fragmentation pathways and their fragmentation patterns are compared
on identification confidence of unknown metabolites. The specific fragment ions
from the same structural skeleton in the same group have been applied to increase
the confidence of unknown metabolite identification. The performance of the
structural identification workflow has been tested and validated in groups of
phthalate metabolites in human urine samples. The fragmentation pathway
strategy greatly decreased the amount of false positives in screening process.
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Hundreds of Unrecognized Halogenated Contaminants Discovered in Polar
Bear Serum

Y. Liu, University of Alberta / Laboratory Medicine and Pathology; E.
Richardson, Environment and Climate Change Canada / Wildlife Research
Divsion Science and Technology Branch; A.E. Derocher, University of Alberta /
Department of Biological Sciences; N. Lunn, Environment and Climate Change
Canada / Wildlife Research Divsion Science and Technology Branch; H. Lehmler,
The University of Iowa / Occupational and Environmental Health; X. Li,
University of Iowa / Dept Occupational and Environmental Health; Y. Zhang,
University of Alberta; J. Cui, L. Cheng, University of Washington; J.W. Martin,
University of Alberta / Department of Environmental Science and Analytical
Chemistry ACES and Science for Life Laboratory

Exposure of polar bears (Ursus maritimus) to persistent organic pollutants was
discovered in the 1970s, but recent evidence suggests the presence of unknown
toxic chemicals in their blood. Protein and phospholipid depleted serum was
stirred with polyethersulfone capillaries to extract a broad range of analytes, and
nontarget mass spectrometry with “fragmentation flagging” was used for
detection. Hundreds of analytes were discovered belonging to 13 classes,
including novel polychlorinated biphenyl (PCB) metabolites and many fluorinated
or chlorinated substances not previously detected. All analytes were detected in
the oldest (mid-1980s) archived polar bear serum from Hudson Bay and Beaufort
Sea, and all fluorinated classes showed increasing trends. A mouse experiment
confirmed the novel PCB metabolites, suggesting that these could be widespread
in mammals. Historical exposure and toxic risk has been underestimated, and
these halogenated contaminants pose uncertain risks to this threatened species.
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Identification of bioaccumulative organic contaminants along the aquatic
foodweb using high-resolution mass spectrometry

N. Creusot, Eawag - Swiss federal Institute of Aquatic Science and Technology /
Environmental Chemistry; k. Huba, Eawag Swiss federal Institute of Aquatic
Science and Technology; B.J. Ferrari, Swiss Centre for Applied Ecotoxicology; N.
Chevre, University of Lausanne / Faculty of Geosciences and Environment; J.
Hollender, Eawag / Environmental Chemistry

Aquatic organisms are exposed to mixtures of thousands of chemicals. Among
them, some legacy contaminants (PCBs, etc.) are known to bioaccumulate and
biomagnify along the trophic chain raising risk for wildlife and human. However,
the actual exposure of aquatic organisms to more emerging contaminants remains
scarce while exposure studies mainly focused on surface water compartment that
not reflect the actual internal dose. Therefore, it appears relevant to get a more
comprehensive picture of the actual mixtures to what aquatic organisms are
exposed. In this context, this study aims to implement and evaluate an High
Resolution Mass Spectrometry (HRMS)-based strategy to identify chemicals that
bioaccumulate and biomagnify in aquatic organisms. To this end, sediment,
biofilm, leave, macroinvertebrates and fish samples extracted by QuUEChERS were
analysed by using high performance liquid chromatography coupled with
electrospray to a QExactive HRMS detector (ThermoScientific). HRMS analysis
consisted of data dependent acquisition (DIA) in positive mode allowing to get
merged MS2 scans. First, these data were evaluated under Trace-Finder 4.1%®
through the comparison of our experimental data to a home made database based
on the accurate mass, retention time, isotopic pattern, and MS2 scans when
available. From the initial list of 359 chemicals with exact mass hits, data
dependent acquisition (DDA) acquired MS2 spectra were obtained for 145
candidates allowing to confirm 56 of them that were quantified by using internal
calibration. Among them, biocides, fungicides and herbicides were the more
widely detected along the trophic chain. Then, DIA data were also processed for
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suspect/non-target screening under Compound discover 2.1® From the 503 915
identified features, filtering (area, background, predicted composition and mass
list match) allowed to reduce the list to 1200 features on the basis of a Norman
mass list (17500 chemicals). Hierarchical clustering analysis further allowed to
identify a cluster of 20 candidates with increasing area along the trophic chain and
to define an inclusion list of candidates for additional MS2 acquisition that is
ongoing. Our results provide a proof of concept for the implementation of HRMS-
based strategies to fill the gap of knowledge about exposure of organisms to
emerging contaminants. Such strategy could be the way to identify relevant
contaminants for investigating their fate into organism and along the trophic
chain.

Ecosystem Services: Progress, Case Studies and Reflections
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European Assessment and management of risks to ecosystem services:
Reflections

S.E. Apitz, SEA Environmental Decisions Ltd; L. Maltby, The University of
Sheffield / Dpt. of Animal & Plant Sciences

The benefits which flow from natural capital, termed ecosystem services (ES), are
under threat from habitat loss, climate change, invasive species, over-exploitation
and pollution. At the same time they are increasingly the focus of environmental
policy. Among the top 10 research questions identified by the SETAC Europe
Horizon Scanning Project was “Biodiversity and ecosystem services: What are we
trying to protect, where, when, why, and how?”” An ES approach has been used to
frame specific protection goals for ecological risk assessment (ERA) and the
inclusion of ES into the life cycle impact assessment (LCA) framework is a
current activity in the LCA community. ES are also being used to frame broader
sustainability, cost-benefit and stakeholder engagement. It is therefore an
opportune time to bring the ERA and holistic assessment communities together.
An objective of the EU 7th Environment Action Programme is ‘to protect,
conserve and enhance Europe's natural capital’ and the 2020 Biodiversity Strategy
has a target of ‘halting the loss of biodiversity and the degradation of ecosystem
services in the EU by 2020°. Do we, however, have sufficient knowledge and
understanding to assess, predict and manage the effects of anthropogenic activities
on ES delivery in multifunctional landscapes that are often exposed to multiple
pressures, and are the monitoring, regulatory and decision frameworks that have
developed over decades fit for purpose as we seek to apply this evolving
knowledge? Assessing and managing the risks that stressors, often introduced as
people seek to obtain selected services from land- and waterscapes, pose to the
sustainable delivery of these and other ES is a transdisciplinary challenge
requiring new approaches to communication and collaboration. A recent SETAC
Europe special session explored how close we are to adopting an ES approach to
assessing and managing environmental risk from anthropogenic stressors. It drew
on the findings of a series of SETAC-Europe sponsored workshops (Chemicals:
Assessment of Risks to Ecosystem Services) and built on the recent work by
EFSA and ECETOC in using ES approaches to develop specific protection goals
and the outcomes of the joint ESA-SETAC Pellston workshop Ecosystem
Services, Environmental Stressors and Decision Making. Thus, it reviewed the
state of the practice for the use of ES (primarily) in Europe, for prospective risk
assessment, chemicals regulation, retrospective risk assessment (also termed
forensic ecology), remediation and restoration. This paper will summarize key
points, focusing on progress, opportunities, gaps and challenges, with a focus on
case studies, underlying assumptions, and the relationship with ES, sustainability
and LCA thinking.
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Building on the LCA experience to initiate a standardization process for
ecosystem services

S. Quatrini, ETH Zurich (CH) / Environmental Systems Science; B. Rugani,
Luxembourg Institute of Science and Technology (LIST) / Environmental
Research & Innovation (ERIN); L. Inostroza, Ruhr Universitat Bochum

The demand for rigorous ecosystem services (ES) assessment approaches is
tremendously growing. This mainly comes from a broad community of ES
practitioners other than researchers, among which public and private sector
investors, multilateral and intergovernmental authorities, regulators, landowners
and land users, which require best-in-class, customized and harmonized standard
monitoring and management practices, instruments and guidelines to
systematically incorporate ES considerations in their decision-making processes.
Channelling ES knowledge into policy and decision-making practice further
requires the harmonization of definitions, the standardization of classification
processes and the streamlining of methodological and epistemological properties
of ES accounting, quantification, valuation and mapping approaches. Recent
efforts to combine the ES concept and assessment methodologies with the life
cycle assessment (LCA) method show that examples and avenues to overcome the
current taxonomic and methodological gaps exist. LCA is a widespread
methodology standardized by 1SO 14040:2006, which is hugely applied around
the world by thousands of industrial actors and decision makers across numerous
economic sectors and products. LCA allows converting a variety of environmental
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stressors into a set of specific integrated indicators of environmental impact. This
facilitates impact monitoring and communication to stakeholders. It also enables
the comparison of environmental performance, the development of labels and
certification schemes, as well as implementation of environmental protection
policies, regulations and technological improvements. In this presentation, we
discuss options and challenges to advance the application of ES science and the
potential for the ES community to learn from the LCA experience in 1SO-level
standardization in order to promote methodological harmonization. Our objective
is to initiate a dialogue and cross-fertilization exercise between the two research
communities that could open up opportunities for collaboration in the
development of ES management standards. <br clear="all" />
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Soil Quality and related Ecosystem Services in Life Cycle Assessment

H. Stichnothe, Thiinen Institute / Agricultural Technology

Soils are unquestionably an essential component of the global ecosystem and high
quality functional soil is important for the supply of ecosystem services such as,
providing biomass and regulating climate. Therefore, maintaining healthy and
functioning soils is a fundamental requirement for globally sustainable production
chains, particularly those related to agricultural and forestry based systems. The
related land use and land use change (LULUC) are key human stressors that can
affect the quality of soil and hence it’s functioning and delivery of ecosystem
services. A task force working within Life Cycle Initiative hosted by United
Nations (UN) environment has been working for the last two years to recommend
suitable indicators which can be used within a Life Cycle Assessment framework
(LCA) which can be used for soil quality and its associated ecosystem services.
The dynamics of soil organic carbon (SOC) accumulation and loss are a function
of soil type, climate, land-use type, and in particular land management
(occupation and change), which makes it a good proxy for damages to ecosystem
services. Therefore, as changes in soil organic carbon (ASOC) stock is interim, the
task force recommends its use as an indicator of soil quality as it is a good
integrative indicator of soil functions. Further suggestions by the task force are
that soil loss is recommended as a separate indicator linked to natural resources, to
address erosion impacts. Additional issues identified by the task force have been
the need for improving the representation of forestry and permanent crops.
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Biogeochemistry and Fate of Organic Pollutants in Aquatic
Systems (I)
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Assessing the contribution of biotransformation to the fate of 40
micropollutants in a lake ecosystem

A. Chalifour, N. Hoch, Eawag Swiss federal Institute of Aquatic Science and
Technology / Environmental Chemistry; F. Pomati, Eawag Swiss Federal Institute
of Aquatic Science and Technology / Aquatic Ecology; K. Fenner, Eawag Swiss
federal Institute of Aquatic Science and Technology / Department of
Environmental Chemistry

Organic micropollutants (MPs) such as pesticides and pharmaceuticals are
consistently measured at the ng/L to pg/L level in freshwaters. Studies on lakes
such as Greifensee in Switzerland have attempted to measure the contribution of
different dissipation pathways to the mass balance of several pharmaceuticals over
consecutives months. However, the contribution of biotransformation to the
overall dissipation of MPs has rarely been quantitatively elucidated. This project
aimed to fill this knowledge gap by conducting biotransformation experiments
during several, ecologically differing phases of plankton succession in Greifensee,
and at different depths. Grab samples of Greifensee water were collected during 6
sampling campaigns extending from April 2018 to October 2018. Concentrations
of 40 MPs were measured at 5 different depths of Greifensee, and the original
water from 3 m and 6 m (filtered at 80 #m to remove zooplankton) was spiked
with the mix of 40 selected MP, each at an initial concentration of 100 ng/L, and
used for biotransformation experiments as batch cultures in an environmental
chamber. MP concentrations were measured at 8 different time points over the
course of 3 weeks using LC-MS. No biotransformation was observed for caffeine
and other conservative compounds. Moreover, compounds known to be rather
efficiently phototransformed, e.g., diclofenac, were found to behave
conservatively under the low light conditions used. In contrast, for compounds
such as valsartan, biotransformation was observed during some experiments and
biotransformation rate constants could be calculated. The kinetics obtained from
the batch experiments helped to understand the observed concentration changes
measured in Greifensee. For example, MPs such as valsartan and
sulfamethoxazole showed strongly deviating seasonal concentration profiles, even
at depths clearly extending into the hypolimnion. Their concentrations were
lowest when the biomass of microorganisms was particularly high in Greifensee
(i.e., late summer), suggesting that these compounds might undergo

SETAC Europe 29" Annual Meeting - Abstract Book



biotransformation by the native microorganisms. By combining biotransformation
rate constants measured in laboratory batch cultures with lake mass balance
considerations, we were able to confirm the importance of biotransformation
relative to phototransformation for the fate of several MPs in a lake ecosystem.
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Spatial and seasonal distribution of organic micropollutants in Lake
Miilaren, Sweden

A. Rehrl, Swedish University of Agricultural Science / Department for Aquatic
Sciences and Assessment, SLU; S.J. Kohler, Swedish University of Agricultural
Sciences / Department of Aquatic Sciences and Assessment; L. Ahrens, Swedish
University of Agricultural Sciences SLU / Dept. of Aquatic Sciences and
Assessment; O. Golovko, Swedish University of Agricultural Sciences (SLU) /
Department of Aquatic Sciences and Assessment

The main objective of this study was to investigate the occurrence and fate of
organic micropollutants (OMPs) in surface water in Lake Mélaren over one year
and assess their seasonal variations and spatial (vertical and horizontal)
distribution. The water samples were enriched with solid phase extraction (SPE)
and subsequently analyzed by ultra-high pressure liquid chromatography tandem
mass spectrometry (UPLC-MS/MS). The applied multi-residue method comprised
122 organic micropollutants (OMPs) covering a wide range of physico-chemical
properties that were chosen due to their high annual usage rates and continuing
major concerns regarding their adverse effects on humans and aquatic organisms.
In total, 50 OMPs were detected at least once above limit of quantification (LOQ).
The highest detected concentration was found for lamotrigine with 140 ng/L. The
locations Ekoln and Visterasfjarden were identified to be most affected by OMPs
pollution. Seasonal patterns were observed for numerous OMPs indicating varying
pollution sources and compound specific distribution and degradation processes of
OMPs in the aquatic environment. Only a few vertical distribution patterns and
concentration gradients were observed, for instance, the deepest sampling depth
(30 m) from Ekoln showed considerable higher concentrations than the upper
sampling depths in February. A strong positive correlation was found for
carbamazepine and lamotrigine, but also for other OMPs indicating similar
pollution sources or transport and fate processes. Two industrial chemicals,
tolyltriazole and tris(2-butoxylethyl)phosphate showed very good analytical
performance parameters and were detected frequently and it is recommended to
incorporate these compounds more regularly in future analysis. To the best of our
knowledge, this study is the first one to report the occurrence and distribution of
OMPs representing such wide physico-chemical properties, including industrial
chemicals, in a Swedish lake.
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Analysing biotransformation kinetics of micropollutants across different
water-sediment test systems

C. Seller, H. Singer, Eawag, Swiss Federal Institute of Aquatic Science and
Technology / Environmental Chemistry; M. Honti, Budapest University of
Technology and Economics; K. Fenner, Eawag Swiss federal Institute of Aquatic
Science and Technology / Department of Environmental Chemistry

To date, it remains impossible to fully prevent bioactive and therefore potentially
harmful substances (i.e. pharmaceuticals and pesticides) from entering the aquatic
environment. Some pathways through which those pollutants reach surface waters
are hardly controllable such as agricultural runoff. The manufacturing and use of
chemicals, however, could be controlled more easily. From the regulatory side, the
OECD 308/ 309 guidelines represent the most relevant simulation studies to
assess persistence of chemicals that may enter surface waters. There is consensus
that transformation kinetics observed in those OECD studies do not directly
project into compound behavior in the environment. A thorough understanding of
relevant system-specific differences that govern the transferability from laboratory
to field systems is still missing. This work targets the connection between
persistence measured in different regulatory water-sediment test systems and for
different types of sediment by investigating a persistence evaluation concept that
employs a substance-specific bioavailability-corrected and biomass-normalized
second-order biotransformation rate constant (k’;,). Various OECD 308 and 309-
type experiments were set up and the fate of 38 substances, mostly
pharmaceuticals and pesticides, was followed. The measured concentration-time
series and other parameters such as bacterial abundance within the test systems
were used to feed an inverse modelling framework estimating transformation rate
constants. The results of the model fitting suggest that k’;, may be a generally
valid parameter for quantifying biotransformation across different water-sediment
systems and a valid indicator of a substance’s aerobic biotransformation potential.
The system-independency of k’y;, makes it a promising future tool to translate
transformation kinetics from the laboratory to the field.
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Long-term mercury records in a boreal lake: lake processing and the role of
organic matter

H. de Wit, NIVA - Norwegian Institute for Water Research; H. Braaten,
Norwegian Institute for Water Research NIVA; C.B. Gundersen, P. Krzeminski,
NIVA Norwegian Institute for Water Research; R.D. Vogt, University of Oslo /
Department of Chemistry
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Fish in northern humic lakes often have mercury (Hg) levels higher than
advisories for human consumption. The Hg in these lakes is primarily from
current and legacy long-range transported air pollution sources. Foodweb
exposure to aquatic Hg is regulated by dissolved organic matter (DOM) as a
transportation vector, source of energy, and regulator of bioavailability. Long-
term records of Hg in inlets, lakes, and outlet enable understanding of the role of
catchments and lakes in regulation of foodweb exposure to Hg. The inlet and
outlet streams of lake Langtjern in southern Norway have been monitored for
water chemistry and hydrology since the 1970s and since 2004, for MeHg and
total Hg (monthly since May 2008). Langtjern is oligotrophic, recovering from
acid deposition and browning. The ratio of mean annual lateral catchment Hg
inputs and direct atmospheric deposition of Hg to the lake is circa 8:1. Long-term
mean concentrations of HgT and MeHg in the outlet are 3.5 and 0.08 ng/L,
respectively, and show no changes over time. However, the ratio of MeHg to HgT
shows a significant linear decrease (p< 0.05). Annual patterns in inlet and outlet
concentrations are similar, suggesting that lake processing does not have a major
impact on outlet Hg dynamics, but is rather driven by catchment processes.
However, the Hg:dissolved organic carbon (DOC) ratio in the outlet is
significantly higher than in the inlets, an indication of lake DOC removal through
in-lake processing, and redistribution of Hg to remaining DOC. Size fractionation
of DOM (tangential ultrafiltration) and studies of biodegradability of size fractions
(measured as O, consumption) indicate differences between inlet and outlet in size
fractionation, biodegradability of fractionated DOM and Hg associated with the
different size fractions. The smallest size fraction (2 consumption per g DOC). We
suggest that the base of the aquatic foodweb in the outlet is more exposed to Hg
than in the inlets, especially for organisms relying on bacteria as energy source.
Bacterial consumption of easily degradable, Hg-contaminated DOM is thought to
be an important pathway for Hg into the aquatic foodweb.
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Investigating the micropollutant biotransformation potential of differently
adapted natural stream biofilms

W.L. Desiante, Eawag Swiss Federal Institute of Aquatic Science and
Technology; B. Vogler, K. Fenner, Eawag Swiss federal Institute of Aquatic
Science and Technology / Department of Environmental Chemistry
Micropollutants, found in complex mixtures in the environment, can pose a risk to
aquatic organisms. Stream biofilms, which consist of algae, bacteria and other
microorganisms, play a key role in nutrient cycling and have been demonstrated to
have a large potential to act as natural sinks for micropollutants. Exposure of
stream biofilms to treated wastewater has been shown to result in increased
tolerance to micropollutants, possibly due to an increased biotransformation
potential of those biofilms. In our research, we want to explore the ability of
differently adapted natural river biofilms to biotransform micropollutants. Thus, in
spring 2017, we launched a study involving stream biofilms cultivated up- and
downstream of two wastewater treatment plant outfalls, which was replicated in
fall 2018. The main aim of this study was to investigate the biotransformation
potential of natural river biofilms towards a large mixture of environmentally
relevant micropollutants. Our experiments consisted of suspended biofilms in
batch reactors with adequate controls. A mixture of 55 compounds was spiked into
the reactors and concentrations were monitored over time. In general, we found a
broad range of micropollutants to be biotransformed. Fourty compounds showed a
concentration decrease, that, given the data from the controls, could be attributed
to biotransformation. Of these, six were not consistently biotransformed between
all sites. Within the 34 compounds that showed decreasing concentration patterns
in all of the investigated biofilms, a variety of primary biotransformation reactions
were represented, such as conjugation, substitution-type, and oxidation-type
reactions. Interestingly, three of the six compounds that showed different
biotransformation patterns between the investigated sites belonged to the
compound class of artificial sweeteners. In particular, for these compounds,
biotransformation could only be found in the downstream communities. Those
findings lead to the conclusion that the respective downstream communities
underwent changes that lead to an increased potential to biotransform those
compounds, whereas the upstream communities did not. Thus, our studies were
able to point out the relevance of stream biofilms in biotransforming
micropollutants and lead to some interesting open questions regarding the origin
of the increased biotransformation potential towards specific micropollutants in
communities exposed to treated wastewater.
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Fate of atmospheric aromatic hydrocarbons into the oligotrophic ocean

B. Gonzalez-Gaya, IMDEA Water (G84912732) / Environmental Chemistry; A.
Martinez-Varela, m. vila-costa, Institute of Environmental Assessment and Water
Research IDAEACSIC; P. Casal Rodriguez, IDAEA-CSIC / Environmental
Chemistry; E. Cerro-G@lvez, Institute of Environmental Assessment and Water
Research (IDAEA-CSIC); N. Berrojalbiz, Institute of Environmental Assessment
and Water Research IDAEA CSIC / Environmental Chemistry; D. Lundin,
Linnaeus University; M. Vidal, University of Barcelona; C. Mompean, Spanish
Oceanography Institute; A. Bode, Spanish Oceanorgaphy Institute; B. Jimenez,
IQOG-CSIC / Department of Instrumental Analysis and Environmental
Chemistry; J. Dachs, IDAEA-CSIC / Environmental Chemistry
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Polycyclic aromatic hydrocarbons (PAHs), and other semivolatile aromatic-like
compounds (SALCs), are an important and ubiquitous fraction of organic matter
in the environment which fate in the ocean remains uncharacterized. Here, we
report a global assessment of the occurrence and atmosphere—ocean fluxes of 64
PAHs analyzed in paired atmospheric and seawater samples from the Atlantic,
Pacific and Indian Oceans. The global atmospheric input of PAHs to the ocean is
estimated at 0.09 Tg/month, four times greater than the Deepwater Horizon spill.
The environmental concentrations of total SALCs were 1010 times higher, with
a relevant contribution of an aromatic unresolved complex mixture. These
concentrations drive a global deposition of carbon estimated at 400 Tg C yr™',
around 15% of the oceanic carbon uptake due to CO,. Furthermore, we identify
the biological pump and microbial degradation as key sinks of aromatic
hydrocarbons in the oceans. Plankton and seawater samples showed lower
concentrations of the hydrophobic compounds in the seawater when plankton
biomass was higher, consistent with the relevance of the biological pump.
However, the mass balance for the global oceans showed that settling fluxes of
aromatic hydrocarbons in the water were 2 orders of magnitude lower than
atmospheric deposition. These observations show the relevance of PAHs
degradation processes in the oligotrophic oceans. Among different processes
considered (i.e. photochemical degradation) microbial degradation appeared to be
the key factor for the depletion of the bioavailable hydrocarbons. We quantified
the relative abundance of PAHs-degrading genes by analyzing the frequency of
the alpha and beta subunits of RHD (specific biomarkers of PAH degradation) in
the public metagenomic database of the oceanographic expedition Tara Oceans.
Degradation genes for PAHs were found to be ubiquitous. The several lines of
evidence provided support a relevant microbial degradation of PAHs, and also
relevant for the largest SALCs organic carbon pool. It has been reported that large
oligotrophic oceanic regions are heterotrophic, requiring sources of allochthonous
organic matter. According to this work, degradation of atmospheric inputs of
aromatic compounds is quantitatively relevant for the marine carbon cycle, and
could help explain the observed heterotrophy of the oligotrophic oceans.

Remediation of Contaminated Environments and Innovative
Methods in Biological Strategies (I)
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Cropping trees and fiber plants at phytomanaged sites

M. Chalot, T. JEANNIN, L. YUNG, Université de Bourgogne FrancheComté; P.
Evon, P. OUAGNE, L. LABONNE, Université de Toulouse; M. LECOURT,
FCBA; D. Cazaux, INOVYN France; V. PLACET, Université de Bourgogne
FrancheComté

Phytomanagement-based restoration programs for contaminated soils may use
woody plant species that are colonized by essential microorganisms, especially in
highly stressed and nutrient-poor environments, such as TE- contaminated sites.
Trees from phytomanaged sites have been proposed as a potential source of
biomass for bioenergy and various energy-recovery techniques such as
combustion, gasification and pyrolysis, which we have recently addressed. Within
previous projects, we exploit the implementation of an integrated bioremediation
option that combines poplar together with mycorrhizal fungi. We implemented 3
demonstration sites in France of 1 ha each mostly contaminated by Hg and As.
Four replicate field blocks were established in February (P) and March (F) 2011
using unrooted poplar cuttings Skado (P. trichocarpa x P. maximowiczii section
Tacahamaca) and 1214 (P. deltoides x P. nigra sectionAigeiros). Most
interestingly, 5 years after the plantation, biotic and abiotic conditions have
promoted the appearance of a spontaneous herbaceous cover. In the present work,
we show recent data on an on-going project (http://phytofiber.fr/), which main
objective is the multi-purpose valorisation of wood and plant fibres produced on
mixed-metal-contaminated soils. Despite the unfavorable soil conditions, we
found that poplars performed quite well at the phytomanaged sites in terms of
biomass production, that was enhanced by inoculation with symbiotic fungi. The
naturally occurring nettle under poplar offered a natural source of fibers, which
properties are equal to or better than those of hemp and flax, making this nettle
biomass very promising for composite application.
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Operating on bioavailability processes during bioremediation: Roles of
pollutant phase exchange and microbial dispersal

J. Ortega-Calvo, Instituto de Recursos Naturales y Agrobiologia / Agroquimica y
Conservacion del Suelo; R. Posada, IRNAS CSIC / Agroquimica y Conservacion
del Suelo; J. Garcia, M. Cantos, Instituto de Recursos Naturales y Agrobiologia de
Sevilla CSIC

This overview presentation will cover innovative strategies for a controlled
enhancement of pollutant bioavailability, with the aim at reducing the execution
periods (and costs) of bioremediation for the achievement of acceptable limits for
risk reduction, and even reach lower end-points than currently possible. For
bioavailability to be incorporated into bioremediation, three questions must be
addressed: (1) how is “bioavailability” defined? (2) how should it be measured?
and (3) is it possible to increase bioavailability but not environmental risk of the
pollutants? In a recent review, the concepts and definitions of bioavailability of
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organic chemicals are examined from a risk assessment perspective (Environ. Sci.
Technol. 49:10255-10264, 2015). The main schools of thought consider
bioavailability (focusing on the aqueous or dissolved contaminant),
bioaccessibility (incorporating the time for exposure), and chemical activity
(determining the potential of the dissolved contaminant for biological effects).
These concepts are the basis for different methodologies (desorption extraction,
passive sampling and biological tests) and mechanistic studies on the different
bioavailability processes (contaminant soil/sediment interactions, transport and
passage across cell membrane, and biological responses such as toxic effects or
biodegradation). Our group has proposed different ways to operate at different
levels on these processes for a better bioremediation performance in risk
reduction. The approach is relevant because in some circumstances
bioremediation may even increase risk of the pollutants. The prospected risk-
minimizing strategies include targeting slow-desorption pollutant fractions with
(bio)surfactants (Environ. Sci. Technol. 45:3019-3026, 2011; Environ. Sci.
Technol. 48:10869-10877,2014), the localized fertilization of free-oil phases or
NAPLSs (Environ. Sci. Technol. 45:1074-1081,2011), modulated deposition and
motility of microbial degraders (Environ. Sci. Technol. 46:6790-6797,2012;
Environ. Sci. Technol. 52: 10673—10679, 2018), promotion of bioavailability with
plants and root exudates (Soil Biol. Biochem. 57:830-840, 2013; Environ. Sci.
Technol. 49:4498-4505,2015), and facilitated microbial (bacterial/oomycete)
interactions for the colonization of pollutant interfaces (Environ. Sci. Technol. 50:
7633-7640, 2016; Environ. Sci. Technol. 51: 11935-11942,2017).
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Role of rhizoremediation in PCB contaminated areas: remediation time
estimation from greenhouse experiment data

E. Terzaghi, University of Insubria (Como) / Department of Science and High
Technology, Como; G. Raspa, Sapienza University of Rome / Department of
Chemical Engineering Materials and Environment; E. Zanardini, University of
Insubria / DSAT; C. Morosini, University of Insubria / Department of Science and
High Technology; F. Mapelli, University of Milan- DeFENS / Department of
Food, Environmental and Nutritional Sciences; L. Vergani, University of Milan /
DeFENS; S. Borin, DeFENS University of Milan / Department of Food,
Environmental and Nutritional Sciences; S. Armiraglio, Municipality of Brescia /
Museum of Natural Sciences; V.M. Sale, S. Anelli, P. Iavazzo, P. Nastasio,
ERSAF; A. Di Guardo, University of Insubria / Department of Science and High
Technology

In the last two decades there has been a growing interest in bioremediation
technologies which use plants and microorganisms to degrade organic chemicals
such as PCB in contaminated sites (rhizoremediation). Different studies have been
conducted to investigate the potential of plant-microbe interactions in the
remediation of organic chemical contaminated soils with respect to natural
attenuation, providing useful data such degradation half-lives. Such a type of data
can be used to predict soil concentration temporal trend and the time needed to
achieve legal limit when using plants and their associated rhizosphere microbe to
remediate contaminated sites. In the present work a greenhouse experiment was
performed with an aged contaminated soil coming from a National Relevance Site
(SIN) for remediation located in Northern Italy (SIN-Brescia Caffaro). The soil
was characterized by high concentrations of PCB at mg/kg levels. 10 different
treatments (combination of different plant species and different soil conditions)
were considered together with the appropriate controls (soil without plants). Soil
and plant biomass were analysed at the beginning of the experiment (t0) and 18
months after the seeding (t18). The obtained soil concentrations were used to
calculate concentration reduction with time and the corresponding
rhizoremediation half-lives. The rhizoremediation half-lives obtained for the most
efficient treatments were used to estimate the time needed to achieve legal limit
considering three different areas characterized by a high spatial variability of PCB
concentrations. Geostatistical techniques were used to build up remediation time
maps for the three different areas. The aims were to: 1) provide a rhizoremediation
half-live dataset for PCBs, 2) evaluate the effectiveness of rhizoremediation when
a complex contamination gradient is present, 3) compare the influence of natural
attenuation vs. plant/microbe interactions on remediation time. This study
provided an important rhizoremediation half-life dataset for PCBs referred to
different plant species and soil conditions. Moreover, it showed that when a
complex contamination gradient (spatial variability of concentrations, contaminant
mixture, etc.) is present, thizoremediation must be accurately implemented and
fine-tuned (in terms of species to be selected, their density, etc) to account for
effective remediation.
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Characterization of a rhizosphere microbial community of a poplar-assisted
bioremediation strategy applied for recovering a contaminated soil from
PCBs

A. Barra Caracciolo, National Research Council / Water Research Institute; P.
Grenni, National Research Council of Italy (CNR) / Water Research Institute; M.
Di Lenola, National Research Council of Italy / Water Research Institute; C.
Campanale, G.L. Garbini, G. Aimola, Italian National Research Council / Water
Research Institute; M. Lopez, Consejo Superior de Investigaciones Cientificas;
A.J. Fernandez Gonzdlez, P.J. Villadas Latorre, Consejo Superior de
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Investigaciones Cientificas / Departamento de Microbiologia del Suelo y Sistemas
Simbidticos; V. Ancona, Italian National Research Council / Water Research
Institute

A poplar-assisted bioremediation strategy has been applying in a historically PCB
contaminated soil located in Southern Italy. At different times, PCB
concentrations were evaluated in soil samples at different depths and distance
from the tree trunks of selected contaminated plots. Similarly, microbial analyses
were carried out on soil samples to assess total microbial abundance, cell viability,
dehydrogenase activity and the phylogenetic composition of the autochthonous
microbial community. An overall improvement in soil quality in terms of a
significant decrease in all PCBs investigated and increases in microbial
abundance, cell viability and activity was observed. The highest microbial
abundance and total nitrogen content were found in the rhizosphere. In all soil
samples, the PCB values are under the Italian legislation limits in each plot
considered. RNA and DNA were extracted and cDNA synthesized. The
hypervariable regions V4-V5 of the 16S rRNA gene were amplified using
universal primers US19F and U926R. The microbial community structure was
characterized by MiSeq (Illumina). Using DNA or cDNA different information
was available. Proteobacteria was the most abundant phylum in both DNA and
cDNA samples, Acidobacteria and Bacteroidetes were more present in the
rhizosphere than in the bulk soil. Firmicutes and Actinobacteria were more
present in bulk than in rthizosphere soil. Significant differences were found
between rhizosphere and bulk soil at different hierarchical levels. In particular
some genus such as Mesorhizobium, Skermanella, Pseudomonas,
Stenothtrophomonas able to degrade PCBs were found in the rhizosphere,
showing the role of these bacterial populations in the contaminant removal.
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Utilizing low-cost natural waste for the removal of pharmaceuticals from
water: Mechanisms, isotherms and kinetics at low concentrations

Y. LI, Environmental Research Institute, North Highland College, University of
the Highlands and Islands, Castle Street, Thurso, Caithness, KW14 7JD, UK;
M.A. Taggart, Environmental Research Institute, North Highland College,
University of the Highlands and Islands, Castle Street, Thurso, Caithness,
Scotland KW 14 7JD, UK; C. McKenzie, Forensic Drug Research Group, Centre
for Anatomy and Human Identification, School of Science and Engineering,
University of Dundee, Nethergate, Dundee, DD1 4HN, UK; Z. Zhang, The James
Hutton Institute / Environmental & Biochemical Sciences; Y. Lu, Research Centre
for Eco-Environmental Sciences, Chinese Academy of Sciences, 18 Shuangqing
Road, Haidian District, Beijing, 100085, Peoples Republic of China; S. Pap, S.
Gibb, Environmental Research Institute, North Highland College, University of
the Highlands and Islands, Castle Street, Thurso, Caithness, KW14 7JD, UK
The presence of pharmaceuticals in the aquatic environment has been well
documented and is of global concern due to their adverse impacts including
antibiotic resistance. Conventional wastewater treatment processes are often not
sufficient to eliminate these contaminants, and hence, the need to develop
effective solutions remains. To address this challenge, sorption processes may
possess certain advantages in terms of effectiveness, convenience and simplicity,
however, their application is sometimes limited by high cost (e.g., activated
carbon costs 700-5000 US$/ton). Alternatively, other biosorbents may offer a
sustainable solution. This study evaluates the potential use of low-cost materials
derived from agro- and/or industrial wastes as low-cost biosorbents for the
removal of priority pharmaceuticals of legislative concern. Unlike many other
studies, we do not focus on the synthesis of high cost functionalized sorbents,
instead we seek to demonstrate how “waste” (without additional processing) can
be used to remove pharmaceuticals at environmentally relevant, low
concentrations. The performance of eleven natural low-cost biosorbents to remove
17 priority pharmaceuticals from aqueous media was investigated and the
biosorption behaviour of the three most efficient materials was considered using
two model compounds (diclofenac and trimethoprim): biochar (pyrolyzed from
orchard prune residues), macro-algae (brown seaweed, Fucus vesiculosus) and
wood chippings (oak tree waste). This work considers the biosorption behaviour
for these quite different pharmaceuticals, considering (in depth) the mass transfer
principles, kinetics, isotherms and the mechanisms involved. High removal
efficiencies were achieved at low initial pharmaceutical loadings, indicating the
potential for application of these biosorbents at low (i.e., environmentally
relevant) pharmaceutical concentrations. These materials may thus provide a
sustainable (circular economy based), low cost water treatment solution,
especially in rural or semi-rural areas.
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Use of adsorbents for accelerated bioremediation of petroleum-contaminated
soils

G. Vasilyeva, E.R. Strijakova, V.S. Kondrashina, Institute of physicochemical and
biological problems in soil science RAS

In spite of the evident privilege of bioremediation for petroleum-contaminated
soils, application of this approach is restricted due to poor adaptation of
indigenous or inoculated microorganisms and plants in the highly contaminated
soils. The main goal of this presentation is to outline up-to-date level of
knowledge on the use of adsorbents for bioremediation of petroleum-contaminated

SETAC Europe 29" Annual Meeting - Abstract Book

soils as well as to share our experience of investigations in that direction. Several
long-year laboratory and out-door experiments were carried out with various types
of mineral soils spiked with crude oil, diesel fuel, and spent motor oil at the initial
concentrations of petroleum hydrocarbons (TPH) from 5 to 15,,,:%. We studied
the Influence of soil amendment with biopreparations (BP) based on hydrocarbon
degrading microorganisms as well as with natural adsorbents of various
origination (mineral, organic, and carbonized) were studied. The experimental
results indicate that the maintenance of optimal hydrothermal conditions, aeration,
soil pH, ratio C:N:P:K are the most important factors for successful process of
bioremediation. The soil amendment with BP appeared effective only in some
cases: moderately high petroleum content (from 7 to 10% TPH) or in cold climate.
Additional acceleration of bioremediation can be created through soil amendment
with natural adsorbents of all classes. Their optimal doses deviated from 0.2 to 9%
depending on the adsorbent and form or rate of contamination. Positive influence
of the adsorbents is explained: 1) by the reduction of soil toxicity to
microorganisms and plants due to mostly reversible adsorption of toxic petroleum
components and especially their oxidized products; 2) - reduction of soil
hydrophobicity followed by improving soil porosity and water capacity; 3) —
localizing water soluble components in the treated soil layer. Hereby no
significant accumulation of toxic polyaromatic hydrocarbons has been detected in
soil and grasses grown after soil recultivation. The research was supported by
RFBR grant No16-05-00617a

From Hazard Assessment to Regulatory Risk Management
Action - Approach Development for UVCBs (l)
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What makes it challenging to regulate UVCBs ? — A perspective from
regulatory authorities on how to regulate in an effective and proportionate
manner multi-constituent and UVCBs

C. Tissier, ECHA-European Chemicals Agency / Risk Management; J. de Knecht,
RIVM / Environment Health and Safety Division; R. Cesnaitis, European
Chemicals Agency; P. Lepper, ECHA-European Chemicals Agency / D.2
Classification and Prioritisation; M. Sobanska, European Chemical Agency
Environmental hazard assessment (classification, risk assessment (PNEC), PBT
assessment) together with information on uses and potential for releases and
exposure is the starting point for authorities to initiate regulatory risk management
actions. Any decision to start a regulatory action implies some level of certainty
on the hazard or risk identified. It is also important to have a clear knowledge on
the composition of the substance to be regulated so that industry is able to fulfil its
obligations and authorities to enforce the regulatory measures. In comparison to
mono-constituent substances, the environmental hazard and risk assessment of
substances of Unknown or Variable composition, Complex reaction products or
Biological materials (UVCBs), can be more challenging, because (1) the number
of constituents may be large, (2) the composition (partially) unknown and/or (3)
variable (due to e.g., seasonal and temporal variation in sourcing of raw
materials). Those specificities make it very challenging, if not impossible, to
address the hazard properties and risks of those substances. Consequently, for
UVCB:s a different test strategy and a more weight of evidence approach is
followed to assess the hazard. Indeed, testing the whole substance does often not
provide information on the properties of individual constituents. Furthermore, the
composition of test solution might be different from the composition of the
substance added or from the environmentally relevant composition. On the other
hand, when constituents are structurally similar, it may also not be necessary and
efficient to test all constituents separately. However, it is of upmost importance
that uncertainties associated with various approaches used for the assessment of
such substances, including the weight of evidence approach, are understood by
regulators to ensure that appropriate regulatory actions can be taken. Discussions
are ongoing between authorities and other stakeholders to find strategies /
approaches to overcome the challenges to determine the hazards and risks of
UVCBs and to reflect on how to best use the data generated to serve more than
one regulatory processes (Harmonised classification and labelling, PBT
assessment, risk assessment). For instance generating toxicity data that would be
of use for PNEC derivation, classification and the T assessment under PBT
assessment. Whether this is possible is still under discussion and will be reflected
together with the use of specific testing methods such as testing the water
accommodated fraction (WAF).

54

Difficulties in regulating UVCBs: Industry perspective

D. Lyon, Shell Oil Company / Shell Health Risk Science Team; G. Whale, Shell
Health / Risk Science Team

Chemical risk assessment is based on the hazard and exposure of the substance.
The approaches for these assessments is derived predominantly from methods for
single substances such as crop protection chemicals, that have the potential for
long range transport, bioaccumulation and biomagnification. However, significant
challenges are encountered when these same approaches are applied to substances
that do not fit this profile, such as with substances of unknown or variable
composition, complex reaction products and biological materials (UVCBs).
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Challenges arise in the test design, the interpretation of hazard data, the
determination of the fate of the material and the quantification of exposure.
Although the Organization for Economic Cooperation and Development (OECD)
offers guidance on how to adapt existing test methods for difficult substances,
there is limited guidance on how to conduct risk assessments for UVCBs. Industry
experience has shown that the nature of UVCBs defies a single approach for risk
assessment, necessitating tailored hazard and fate assessments with variable
regulatory acceptance. One approach is to assess the persistence (P),
bioaccumulation potential (B) and toxicity (T), referred to as PBT assessment, of
UVCB constituents. This approach relies on Weight of Evidence (WoE) to
provide both a clear understanding of the composition of the substance and to
identify when constituents meet PBT criteria. WoE is especially critical given that
existing methodology for hazard assessment of UVCBs is poorly defined.
Additionally, care should be taken regarding using precautionary principles to
identify PBTs and consequently designate UVCB substances as a Substance of
Very High Concern (SVHC) because these assessments do not account for
exposure. Since >20% of the substances on existing chemical inventories are
UVCBs, there is a significant need to improve the current approaches for hazard
and risk assessment of UVCBs. This presentation gives a brief overview of UVCB
hazard assessment approaches that are fit-for-purpose and pragmatic. These
include adapting existing methodology for P, B, and T testing, grouping
substances into categories, and in silico approaches. The issues encountered with
each of these approaches will be discussed, along with an overview of proposals
for improvements being developed based on recent scientific research supported
by industry.

55

Petroleum substances: ongoing program to address hazard assessment
including how to capture variability in composition

L. Camenzuli, ExxonMobil Biomedical Sciences

CONCAWE addresses variability in hazard assessment of UVBCs in part through
development of a comprehensive library of representative constituents. These
structures are expected to capture the variability of different potential isomers
across substances. QSARs are used to estimate P, B, and T properties for the
constituents within a block. Where available, empirical data are used to support
this assessment in a tiered approach. Persistence is evaluated using primary half
life data from freshwater and seawater, which are then extrapolated to soil and
sediment. This database include more than 1200 individual entries across more
than 10 major hydrocarbon classes. Bioaccumulation is evaluated using fish BCF
data (from aquatic and dietary exposures) and BMF/TMF data in weight of
evidence to evaluate secondary poisoning concerns. Blocks that are potentially
indicated as P and B are then evaluated for T using empirical data and QSAR.
This evaluation is updated on a regular basis as new science and data are
developed. Future work plans will also be discussed.
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The Environmental Assessment of Natural Complex Substances under
REACH

K. Jenner, Givaudan / Global Regulatory Affairs & Product Safety; E. Angelini,
Mane; C. Arregui, IFRA; C. Bringer-Guerin, CIHEF; M. Diop, Mane; S. Gimeno,
Firmenich / Legal and Compliance; D.T. Salvito, Research Institute for Fragrance
Materials (RIFM) / Dept of Environmental Science; T. Wolf, IBACON GmbH /
Worldwide Regulatory Affairs for Chemistry

Natural Complex Substances (NCS) of botanical origin are a very diverse family
of substances that are notably used as ingredients in fragrance formulations, which
are incorporated into personal care and household consumer products. Because of
their biological nature, several factors such as the region of growth, the climate
within the region, the part of the plant used as source material and the process
applied lead to natural variations in their chemical composition. Their complexity
varies widely from simple substances with only a few constituents to very
complex substances comprising more than 100 constituents which cannot be fully
characterised. Further, constituents of an NCS may exhibit different physico-
chemical, fate and effect properties that are relevant for their environmental
assessment. The European Federation of Essential Oils (EFEO) and the
International Fragrance Association (IFRA) have published guidance to help
companies, many of whom are small and medium sized enterprises, fulfil their
legal requirements for the environmental assessment of natural complex
substances under REACH (https://echa.europa.eu/-/guidance-on-environmental-
assessment-for-essential-oils-now-available). The guidance, prepared by
environmental experts from the fragrance and essential oil industries in close
cooperation with the European Chemical Agency (ECHA) was specifically aimed
to support the 2018 REACH deadline, under which the vast majority of these
substances fell (tonnage band below 10t). The ECHA Substance Identification
Guidance generally considers that NCS fit the sub-category of “UVCB sub-type
3”. However, they may also be considered as mono- or multi-constituent
substances based on their composition and level of characterisation. The nature of
the NCS will affect the approach chosen for environmental assessment. Factors
such as knowledge of constituents, difference in properties amongst them,
technical limitations in testing and feasibility to generate new data will influence
the strategy for any given NCS. The guidance document considers assessment
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based on specific constituents, on the basis of blocks of constituents and on the
basis of information on the NCS itself. It provides illustrations and examples of
how they might be applied for the purposes of environmental classification and
labelling, PBT assessment and environmental risk assessment. Specific
considerations and issues related to NCS are also discussed. In this presentation
case-studies taken from the guidance will be used to demonstrate the challenges in
performing environmental assessments of natural complex substances.

Micro(Nano)plastic Pollution: Tackling the Plastic Problem by
Identifying Sources, Investigating Fate and Novel
Approaches (Il)

57

Degradation and toxicity of microplastic fibres and their role as a source of
emerging pollutants

A. Booth, SINTEF Ocean / Environmental Technology; L. Sgrensen, SINTEF
Ocean / Environment and New Resources; D.T. Rogstad, Norwegian University of
Science and Technology / Biology; S. Sait, Norwegian University of Science and
Technology / Chemistry; D. Altin, BioTrix; M. Wagner, Norwegian University of
Science and Technology NTNU / Bioanalytical Toxicology Group; A.
Asimakopoulos, Norwegian University of Science and Technology / Chemistry; 1.
Salaberria, NTNU University / Biology

Microplastic fibres (MPFs) are increasingly being reported as one of the dominant
forms of microplastic pollution in aquatic environments. Clothing and textiles
produced from synthetic fibres such as polyester (PES), polyacrylic (PAC) and
nylon (PA) are considered some of the main sources of MPFs. However, there has
been little focus on the environmental fate and effects of MPFs compared to
microplastic particles and fragments. In the current study, the environmental fate
of MPFs was studied by long-term UV degradation studies using a suite of 5
MPFs with different physical and chemical characteristics (PES, PAC and PA)
under freshwater and marine conditions. A detailed chemical characterisation of
the pristine test materials was conducted, using GC-MS, LC-MS and ICP-MS to
identify the type of additive chemicals present. Degradation studies were
conducted in sterile synthetic freshwater (algal culture medium, TG201) and
sterile-filtered seawater. Exposures were conducted in 35 mL quartz glass tubes
using an Atlas Suntest CPS+ with Xenon lamp generating 65 W/m? light intensity
and fitted with a daylight filter (300-400 nm). The endpoints studied after 5 and 10
months were changes in MPF size (light microscopy and SEM), polymer
chemistry and surface properties (ATR-FTIR), and the leaching and degradation
of additives (colorants, UV-stabilizers, softeners). The release of additive
chemicals and their possible photodegradation to intermediate products was
investigated as part of the UV degradation studies. In addition, we investigate the
potential for the same suite of MPFs and their leachates to elicit toxicological
responses in a marine microalga. Effects on algal production, photosynthetic
activity and lipid content were assessed as a function of polymer type, fibre
length, concentration, as well as the additive chemical profiles of the different
MPF leachates.
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Transgenerational effects of secondary microplastics and natural particles on
Daphnia magna

C. Schuer, T. Thalau, S. Zipp, Goethe University Frankfurt / Dpt. Aquatic
Ecotoxicology; M. Wagner, Norwegian University of Science and Technology
NTNU / Bioanalytical Toxicology Group

Most standardized ecotoxicological tests, such as the “Daphnia magna
reproduction test” (OECD Guideline 211), cover up to one generational cycle,
only. Additionally, they are not adapted to analyze the impacts of suspended
particles. A number of publications so far have shown a decrease of feeding
activity in Daphnia in the presence of suspended materials which may lead to
adverse effects. While standard toxicity testing optimizes among other parameters
food supply to ensure health and high reproductive output, these conditions are
not representative of the natural environment. This is especially true if the agent
under investigation is a suspended solid that is suspected to at least partially act
via reducing the energy uptake. Thus, artificially high food availability during
exposure plus initially high maternal energy reserves would buffer effects
modulated through energy uptake during a short time frame. Accordingly, we
exposed four consecutive generations of D. magna to three concentrations (400,
2000 and 10000 particles mL™") each of irregular polystyrene microplastics and
kaolin as natural reference particle. The individuals in the treatment groups were
fed a reduced amount of algae (0.05 mg carbon individual! day™') while we also
included a regularly fed control group (0.2 mg carbon individual ' day™'; according
to OECD 211). In the exposure to the highest microplastic concentration, we
observed an extinction of the first generation daphnids within 21 d. The
reproduction, growth and survival of daphnids exposed to 2000 particles mL™!
declined over two generations and completely collapsed in the third generation.
Interestingly, exposure to a similar concentration of kaolin did not affect D.
magna over the course of the experiment. As expected, reduced food supply
resulted in a decline in reproductive output after the first generation in all
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treatments. Kaolin treatments showed reproduction that was higher than both the
low-food control and the PS treatments. Overall, the PS particles combined with
food limitation negatively affect exposed populations to the point of extinction
while kaolin did not have such effect.

59

Potential impact of micro- and nanoplastic particles on metal speciation and
bioavailability in aquatic media

R.M. Town, Systemic Physiological and Ecotoxicological Research (SPHERE),
University of Antwerp / Department of Biology (SPHERE Research Group); H.P.
van Leeuwen, Wageningen University and Research / Physical Chemistry and
Soft Matter; R. Blust, University of Antwerp / Department of Biology (SPHERE
Research Group)

Plastic particles collected from aquatic systems are typically found to carry a
range of associated metal species, some of which are potentially toxic to biota, e.g.
Cd* and Pb*". The metal content of microplastics (MPs) and nanoplastics (NPs)
arises from a combination of the inherent components of the original polymer
formulation (stabilizers, pigments, etc.) as well as the sorption of metal species
from the environment onto and into the polymer matrix. Metal species may also
be associated with organic matter that is sorbed on the surface of the particles. It
follows that the amount of metals associated with MPs and NPs will evolve as a
function of their residence time in the water column, with consequences for the
chemical speciation, bioavailability and potential toxicity of trace metals in
aquatic ecosystems. As a first step to gaining mechanistic insights into the
involved processes, we present an elementary model, based on spherical
geometry, to describe the association and release kinetics of metal species from
MPs and NPs. The focus is on release kinetics of metal ions from MPs and NPs
that have been immersed/suspended in an aquatic system for an extended period,
in the context of their ingestion by biota. Within the body of the plastic particle,
metals may be present as e.g. free (partially hydrated) ions and inner-sphere
complexes with the polymer backbone and/or various additives. The overall
release kinetics of metal species from the plastic particles is governed by the
relative magnitude of the rate of diffusion within the particle body as compared to
the rate of dissociation of inner-sphere complexes. The effective diffusion
coefficients for metal species within plastic polymers are many orders of
magnitude lower than those applicable for hydrated metal ions in bulk aqueous
media. Thus, for not too strong inner-sphere complexes, the rate of diffusion of
metal ions within the particle body will largely govern the overall release kinetics.
We analyse practical examples in this context. The outcomes highlight the
significance of particle size and residence time within biota for predictions of the
potential bioavailability of metal species associated with MPs and NPs.

60

How ingestion kinetics influence microplastic bioaccumulation and toxicity in
Antarctic krill (Euphausia superba)

A. Dawson, Australian Institute of Marine Science; W. Huston, University of
Technology Sydney / School of Life Sciences; S. Kawaguchi, Australian Antarctic
Division / Australian Government Department of the Environment and Energy;

C K. King, Australian Antarctic Division; R. Cropp, Griffith University / Griffith
School of Environment; S. Wild, P. Eisenmann, Griffith University; K. Townsend,
University of Queensland; S. Bengston Nash, Griffith University

The discarding of plastic products has led to the ubiquitous occurrence of
microplastic particles in the marine environment. The uptake and depuration
kinetics of ingested microplastics for many marine species still remain unknown
despite the importance for understanding bioaccumulation potential to higher
trophic level consumers. In this study, Antarctic krill (Fuphausia superba) were
exposed to polyethylene microplastics in order to quantify acute toxicity and
ingestion kinetics, providing insight into the bioaccumulation potential of
microplastics at the first-order consumer level. In the 10 day acute toxicity assay,
no mortality or dose dependant weight loss occurred in exposed krill, at any of the
exposure concentrations (0, 10, 20, 40, or 80 % plastic diet). Krill exposed to a
20% plastic diet for 24 hours displayed fast uptake (22 ng mg™' h™') and depuration
(0.22 h'hrates, but plastic uptake did not reach steady state. Efficient elimination
also resulted in no bioaccumulation over an extended 25 day assay, with most
individuals completely eliminating their microplastic burden in less than 5 days
post exposure. Our results support recent findings of limited acute toxicity of
ingested microplastics at this consumer level, and suggest sublethal chronic
endpoints should be the focus of further ecotoxicological investigation.

61

Translocation of 14C-nanoplastics in the scallop Pecten maximus at
environmentally realistic concentrations

M. AL SID CHEIKH, University of Plymouth / Marine sciences and engineering;
S.J.Rowland, University of Plymouth / School of Geography Earth and
Environmental; K. Stevenson, Charles River; C. Roleau, Peches et Oceans
Canada; T. Henry, Heriot-Watt University / The School of Energy, Geoscience,
Infrastructure and Society; R.C. Thompson, Plymouth University / School of
Marine Science and Engineering

Studies that investigated the uptake and effects of nanoplastics in marine
organisms have been conducted at what may be unrealistically high
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concentrations. This is due to the analytical challenge that represents tracking
plastic particles in biological matrices at environmentally relevant concentrations.
Here, we present the results of pulse exposures of “C-radiolabeled
nanopolystyrene to the bivalve Pecten maximus, at what have been predicted to be
environmentally relevant concentrations (< 15 yg L™). Our results show that the
uptake was rapid and greater for 20 nm than for 250 nm particles.
Autoradiography of bivalves sampled after the 6 h exposures showed
accumulation of 250 nm nanoplastics in the intestine, while 20 nm particles were
dispersed throughout the whole-body, possibly indicating translocation across
epithelial membranes. Yet, depuration was also relatively fast for both sizes; 20
nm particles were no longer detectable after 14 d, although some 250 nm particles
were still detectable after 48 d. As such, the particle size apparently influences the
biokinetics and recommends further work on chronic exposures. Modelling
extrapolations suggested that it could take up to 300 d of continued environmental
exposure to reach a steady state although the concentrations would still be below
2.7 mg g''. Comparisons with previous works in which bivalves were exposed to
non-plastic (silver) nanomaterials of similar size (20 nm), suggest that
nanoparticle composition may also influence its biokinetics.

62
Poster spotlight

Effect Modelling for Regulatory Risk Assessment: Current
Applications and Future Directions (Il)

63

Simplifying DEBKiss to model sublethal effects of chemicals

N. Sherborne, Syngenta / Environmental Safety; N. Galic, Syngenta Crop
Protection Inc. / Environmental Safety

The recent scientific opinion published by EFSA has cleared the General Unified
Threshold model of Survival (GUTS) for use in ecological risk assessment (ERA)
) for aquatic invertebrates, fish, and aquatic stages of amphibians. However, in
chronic toxicity studies the most sensitive endpoint is often a sublethal effect on
an organism’s size or its fecundity. We present a modelling approach based on
DEBKkiss and inspired by the procedure used by GUTS models. The simplicity of
the model means that non-experts should be comfortable using and understanding
the the model and interpretting its results. Using simplified DEB theory means
that models can be calibrated based on standard laboratory study data alone. We
demonstrate the suitability of the model using a chronic toxicity study of a
hypothetical herbicide as a case study. This simplified and self-contained method
could form the basis of a user friendly tool for sublethal effect modelling and
prediction, following the path of projects to produce user friendly GUTS tools.

64

The combined potential of species-traits and mechanistic effect models

S. van den Berg, Namur University; A. Focks, Wageningen Environmental
Research / Environmental Risk Assessment Team; P. van den Brink, Wageningen
Environmental Research

A key challenge in ecological risk assessment (ERA) is to assess the potential risk
of chemicals to the wide range of species in the environment on the basis of
laboratory toxicity data derived from a limited number of species. Recently, it has
been proposed that the inclusion of species traits in ERA could provide a useful
description of species assemblages in nature and has the potential to replace
classical taxonomic approaches. Additionally, there is a growing recognition that
the use of mechanistic approaches in ERA, especially quantitative models, may
improve predictive and extrapolative power. An example of such quantitative
mechanistic effect models are toxicokinetic (TK)- toxicodynamic (TD) models of
the General unified Threshold models of Survival (GUTS) framework, which link
external exposure and survival effects by describing dynamically the process of
TK (uptake, biotransformation, and elimination) and TD (damage/hazard, internal
recovery and thresholds). We hypothesise an amplified combined potential of
GUTS models and trait-based approaches, due to the mechanistic match between
species traits and GUTS parameters. We test this by performing linear regressions
between 1) classical sensitivity endpoints (LC50 and EC50) and species traits, and
between ii) GUTS parameters and species traits. Additionally, we implemented a
cross-validation step that uses predicted GUTS parameters as an input for the
prediction of sensitivity endpoints. The whole analysis is done for twelve
freshwater arthropods exposed to chlorpyrifos. We find that neither of the
standard sensitivity values, i.e. the LC50 or EC50, showed a strong correlation
with traits (option i), whilst multiple quantitative links between traits and/or trait
combinations and process based GUTS model parameters could be established
(option ii). Our results demonstrate the combined potential of mechanistic effect
models and trait-based approaches. However, results from the cross-validation and
the final prediction of sensitivity endpoints from GUTS parameters show that
methods still can be improved further, e.g. by the further division into functional
groups or extension of trait collections. Additionally, the model should be
validated more extensively by adding other species.
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65

Recovery assessment in stochastic population modelling

M. Kattwinkel, S. Kunz, University of Koblenz-Landau / Quantitative Landscape
Ecology; O. Jakoby, Rifcon GmbH / Regulatory Sciences - Population Modelling
and Statistics

Environmental risk assessment of pesticides allows some population level effects
to non-target species under certain conditions (recovery option; EFSA 2016) when
it can be shown that the population under investigation recovers within an
acceptable period of time. Population modelling is a valuable tool in addition to
field and semi-field studies to assess recovery. However, so far there is no explicit
guideline available how to estimate recovery times from simulated population
dynamics, and the methods applied in the scientific literature differ greatly. In
particular for stochastic population models (e.g. individual-based models, IBMs)
with virtually unlimited numbers of replicates there might always be a statistically
significant difference between sets of control and treatment populations. For a
sound and reproducible evaluation of simulation model results with regard to
population recovery it is important to understand the consequences of several
choices: (1) the accepted difference between control and treatment to consider
populations as recovered; (2) the method used to estimate this difference; (3) the
consideration of stochastic processes resulting in short-term divergence. In this
study, we investigate how robust and conservative different methods for the
estimation of population recovery times are using an IBM that simulates
population dynamics after the application of a hypothetical pesticide. We
introduce different methods based on hypothesis testing, percentiles and quotients,
and discuss their specific characteristics when assessing recovery. Additionally,
we investigate the role of thresholds (maximum allowed difference between
control and treatment) and other control parameters (e.g. percentiles used to
aggregate over replicates and minimum time period to ensure persistent recovery).
We also discuss the impact of the models variability as well as seasonal
fluctuations in the population dynamics. Finally, we give recommendations on
what methods lead to ecologically meaningful and robust results.

66

Evaluation of a population model for ecotoxicological risk assessment
E.McVey, J. Wassenberg, Ctgb; A. Barsi, Ctgb / Dept of Theoretical Biology; D.
Kulkarni, Ctgb; A. Focks, Wageningen Environmental Research / Environmental
Risk Assessment Team

In contrast to the individual protection foreseen for humans, under the auspices of
the regulatory risk assessments for ecotoxicology, protection of populations is
assumed to be of greater relevance than protection of individuals. This adds an
extra layer of complexity to the risk assessment, as determination of what effects,
and what level of those effects, would result in a population level effect remains a
large unknown. As a conservative measure, it is assumed that any effects which
would result in massive acute toxicity or effects on reproduction would result in
population level effects. Furthermore, conservative assumptions are made for the
exposure of the entire population (it is assumed that the entire population will be
exposed at the same, high, level. However, while it is assumed that this is a
conservative path, it is unlikely to be realistic for most uses being assessed. For
that reason, population modelling has been developed in order to try to address a
more relevant exposure for a population and determine a more likely population
level effect. This presentation will summarize our experiences in evaluating a
population model for small mammals and conclude with our vision of the pros and
cons of this model as a stand-alone and in the context of the regulatory risk
assessment for birds and mammals from pesticides in the EU
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Critical Evaluation of Population Models for the Environmental Risk
Assessment of Plant Protection Products

J.M. Becker, Helmholtz Centre for Environmental Research / System
Ecotoxicology; T. Jager, DEBtox Research / Dept of Theoretical Biology; S.
Kramer-Schadt, Leibniz Institute for Zoo and Wildlife Research / Department of
Ecological Dynamics; M. Franz, Leibniz Institute for Zoo and Wildlife Research /
Deptartment of Ecological Dynamics; M. Solé, UBA - Federal Environment
Agency; S. Duquesne, German Environment Agency; S. Pieper, German Federal
Environment Agency UBA / Plant Protection Products; M. Liess, Helmholtz
Centre for Environmental Research GmbH - UFZ / System-Ecotoxicology
Individual-based mechanistic effect models are increasingly proposed in higher
tier studies for the environmental risk assessment (ERA) of plant protection
products (PPP). The models have been often applied to demonstrate that effects in
lower tier studies will not translate into unacceptable effects on populations under
more realistic conditions. We evaluated seven population models and case studies
of their application in ERA from a scientific point of view. The models address
the aquatic species Daphnia magna (IDamP, Preuss et al. 2009), Chaoborus
crystallinus (Strauss et al. 2016), Asellus aquaticus (MASTEP, Van den Brink et
al. 2007), the springtail Folsomia candida (SpringSim, Meli et al. 2013) and the
small mammals Apodemus sylvaticus (Liu et al. 2013), Microtus agrestis
(ALMaSS, Topping et al. 2012) and Microtus arvalis (eVole, Wang 2013). Model
mechanisms were scientifically justified. The models address standard focal
species in ERA, which are typically less ecologically vulnerable due to short
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generation time and high reproduction that provide high potential for recovery.
The case studies did not consider to which extent the results might cover for
additional species, which is not according to the claim of higher-tier studies. A
considerable source of uncertainty regarding model predictions was identified
because population models represent isolated populations without community
context, strictly limiting their applicability in ERA. The models typically
predicted fast recovery due to density-regulation and recolonisation, which can be
undermined by predation and interspecific competition. Simulating ecological
processes that reduce the risk of PPP (recolonisation) without also simulating
processes that increase the risk (biotic stressors) may not increase realism but
result in unbalanced ERA. An extension to community models would be the next
logical step. While the population dynamics without PPP exposure have been
validated for most models, more effort should be devoted to test the predictions of
PPP effects. The case studies applied models in ERA without assessing to which
extent relevant predicted endpoints (extinction risk, recovery time) match real-
world data. Environmental properties (landscape composition, farming practices)
can significantly affect the model output. We conclude it is crucial to establish
specific environmental scenarios and protection goals for higher-tier modeling that
can be addressed by modelers and risk assessors.

68
Poster spotlight

Latest Developments and Future Needs for Higher-Tier
Studies, Risk Assessment and Risk Management in the
Regulation of Biocides, Pesticides and Pharmaceuticals (ll)

69

Latest developments of guidance and guidance-related documents on
exposure assessment for biocides and introduction to the risk assessment tool
EUSES 2.2.0

H. Schimmelpfennig, ECHA-European Chemicals Agency / D1 - Biocides; E.
Nogueiro, European Chemical Agency ECHA / D1

The aim of the talk is to (1) provide an overview on the latest development of
guidance and guidance-related documents and to (2) introduce the new EUSES
version 2.2.0. (1) Guidance and guidance-related documents related to exposure
assessment like the emission scenarios or emission scenario documents (ESD) are
continuously being developed by different parties involved in the biocide
assessment (i.e. member state, ECHA or industry). During 2017 and 2018 the
focus was on the following items: Revised BPR guidance Volume IV
Environment (Part B+C) v2.0 - changes in exposure assessment (PECiyiia versus
PECrwa); Revised Emission Scenario Document for PT 6 - In-can preservatives;
Revised Emission Scenario Document for PT 14 - Rodenticides; Revised
scenarios for PT 18 (Insecticides); WG recommendation on the assessment of
precursors of in situ generated active substances; Guidance on aggregated
exposure assessment; Single emission scenarios for several product types (PT 3,
PT 18, PT 2, PT 4, PT6); Development of core emission scenarios. (2) EUSES is a
decision-support instrument for the quantitative assessment of exposure and risks
of biocides (and other chemical substances). It is based on the EU Technical
Guidance Documents (TGD) (— Vol. IV Part B for Biocides/REACH R16). Since
2014, JRC is no longer involved in EUSES related legal frameworks and
developments/revisions after 2012 were no longer implemented (— 6 ESDs +
several single emission scenarios). EUSES update was initiated by ECHA in 2017
resulting in EUSES version 2.2.0, published in Q1 2019. The focus of the update
was on biocides only. The IT technology and User interface remained unchanged.
Missing emission scenarios were added in the release module, the release module
as such was revised for the already existing emission scenario in EUSES. In
addition, direct release was implemented in the Fate and distribution module as
well as in the Risk characterisation module. The new SimpleTreat version 4.0 was
implemented.

70

Could a spatially distributed modelling approach enhance post approval
considerations for veterinary medicines?

C. McMillan, G. Hughes, J. Carnall, Cambridge Environmental Assessments

The environmental risk assessment framework adopted in Europe for assessing the
surface and groundwater risk from veterinary medicines used to treat livestock
follows a tiered approach. The initial exposure assessment is a simplistic
approach, with the FOCUS suite of models (FOrum for Co-ordination of pesticide
fate models and their USe) often subsequently required for higher tier surface and
groundwater refinement. Standard FOCUS scenarios defined within the guidance
are intended to represent realistic worst case scenarios for assessing leaching
behaviour and surface water risk. However, this approach does not help inform
post approval considerations such as identifying the regions most vulnerable to
groundwater contamination or surface water risk. In this presentation we consider
how this could be achieved for groundwater assessments by conducting a scoping
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assessment using the current Okehampton scenario and comparing it to a spatially
distributed version of the metaPEARL model (Tiktak et al., 2006). This
implementation of the metaPEARL model was underpinned by an environmental
database at 1 km resolution describing (i) land cover using the CORINE 2012
dataset (ii) soils data sourced from the EU Soil Data Centre e.g. EFSA spatial
dataset v1.1 (Heiderer, 2012) and OCTOP (Jones et al., 2004) and (iii) climate
data from WORLDCLIM (Hijmans et al., 2005). In some cases soil properties
were modified to represent permanent grassland soils. The spatially distributed
PECgw values produced were analysed at a range of spatial scales including
NUTS2, Member State, pesticide registration zones defined by directive
1107/2009/EC and climatic zones. The results indicate that the current approach
used in the registration process for veterinary medicines masks a wide variation in
the risk as predicted by a more detailed, spatially distributed approach. This
presentation illustrates how a more spatial approach to the environmental risk
assessment of veterinary medicines could help provide clarity on the
environmental risk posed by authorised products in regions within Europe,
particularly in situations where environmental risks are identified but the
veterinary medicine product is approved due to other considerations (e.g. animal
welfare). This type of approach could help inform decisions on risk management
and facilitate a more targeted approach to ecopharmacovigilance and drinking
water protection.
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Addressing the knowledge gap in relation to ecotoxicological impacts of
biocidal active substances and environmentally relevant metabolites

M. BLAZQUEZ, INKOA SISTEMAS / RTD; I. Ranero, INKOA SISTEMAS; O.
Andreu-Sanchez, Xenobiotics; D. Hernandez-Moreno, INIA / Environment; M.
Fernandez-Cruz, INIA - National Institute for Agricultural and Food Research and
Technology / Environment

The approval of biocidal active substances (BAS) in agreement with the Biocidal
Products Regulation (BPR) requires, as a part of the core data set, single species
toxicity data on a number of selected organisms assumed as representative of the
natural ecosystems. Such information is also needed for the ecotoxicologically
relevant metabolites, which are defined by the ECHA as any minor or major
metabolite which poses a comparable or higher hazard than the active
substance*"!!</sup>. Within the LIFE COMBASE Project, chemoinformatic
approaches are being developed for the assessment of the ecotoxicological
impacts of BAS and their corresponding environmentally relevant degradation
products. With the aim of generating new data to validate developed in silico
models, four different in vivo ecotoxicological studies to aquatic organisms have
been carried out including: acute toxicity testing on fish, short-term toxicity
testing on Daphnia magna, growth inhibition study on algae and inhibition of
microbial activity. Fish acute toxicity test has been carried out using
Oncorhynchus mykiss (rainbow trout) as target species, following the OECD TG
203 whereas assays on Daphnia, algae and microorganisms have been carried out
in agreement with the OECD TG 202, OECD TG 201 and OECD TG 209 tests,
respectively. The present work includes data obtained on three BAS: 2-
phenoxyethanol (currently in approval process for Product Types —PTs- 1; 2; & 4
and not authorized for PT13), chloramin B (currently in approval process for PTs
2; 3;4 & 5) and sodium pyrithione (currently in approval process for PTs 2; 6; 7;
9; 10 & 13 and not authorized for PT3), and also data corresponding to five
metabolites: 3-phenoxybenzyl alcohol (metabolite from D-Phenothrin);
benzimidazole (from thiabendazole); cyanoacetamide (from DBNPA);
benzenesulfonamide (from chloramine B) and cis-2,6-dimethylmorpholine (from
fenpropimorph). In general, results obtained are coherent for the different trophic
levels considered, although in some cases fish and microorganisms are the most
and least sensitive species, respectively. The results obtained allow stablishing a
PNEC for these substances which can be used for risk assessment and
management purposes. Acknowledgements: LIFE-COMBASE project (LIFE15
ENV/ES/000416) <br clear="all" /> [1] REF: Guidance on information
requirements — GUIDANCE ON REGULATION (EU) N° 528/2012 COVERING
THE MAKING AVAILABLE ON THE MARKET AND USE OF BIOCIDAL
PRODUCTS (BPR) Version 1.0. July 2013 ECHA
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Risk Mitigation Measures for Pesticides in the EU (MAgPIE project) -
challenges and recommendations from the workshop experts

A. Alix, Corteva Agrisciences / Risk Management

The MagPIE project initiated in 2012 allowed the development of a toolbox to
mitigate environmental risks posed by plant protection products used in
agriculture. The proceedings were published in 2017, which propose an inventory
of the risk mitigation measures in place in European Member States as well as
recommendations to facilitate further development and implementation. These
proceedings reflect the view of 95 experts from 24 European countries, together
with experts from Switzerland, Norway, the United States of America, the
European Commission and the European Food Safety Authority, and representing
regulatory agencies in charge of the risk assessment of plant protection products,
regulatory authorities in charge of the risk management and decision making, crop
protection industry, universities and research institutes, technical institutes
involved in the development of risk mitigation tools, or the measurement of their
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performances, farmers and agriculture advisors, and Non Governmental
Organisations. The project allowed to identify the most promising tools for the
mitigation of pesticide transfers and possible environmental risks, which gathered
risk mitigation measures and tools already impleneted in European countries but
also the most promising tools for a short term implementation. The proceedings
also discuss the challenges met along the stakeholder chain when implementing,
by farmers, regulators, risk assessors, or decision makers. This poster aims at
listing these challenges were identified during the MAgPIE workshop together
with the recommendations of the expert group to tackle them, including illustrated
examples.
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From national to regional risk mitigation measures - opening the toolbox for
conditions of use for plant production products

G. Czub, Federal Office of Consumer Protection and Food Safety BVL / Plant
Protection Products; C. Kula, Fed. Office for Consumer Protection & Food Safety
/ Department of Plant Protection Products

In the EU Member States, an authorisation of plant protection products (PPP) is
only granted if the risk assessment demonstrates that by application of appropriate
mitigation measures the risk for the environment remains acceptable in any of the
landscapes in which the product might be used. In general, an authorisation is
granted on a national scale in conjunction with risk mitigation measures to be
applied independent on the regional conditions. For several reasons it might be
worse to consider a revision of this approach: (i) active substances might exhibit
characteristics critical only under certain circumstances but otherwise effective
and preferable means for the plant protection and agricultural production, (ii)
certain regional structures might require specific protection or have characteristics
impeding the application of common national mitigation measures, (iii) the
number of active substances available in authorised PPP decreases remarkable,
hampering an effective pest control and resistance risk management. Regions in
focus for specific mitigation measures include, among others, drinking water
abstraction areas, sites of high biodiversity value, but also highly trenched areas of
small field sizes. For a sustainable plant protection a paradigm shift might be
required, allowing for an authorisation (or rejection) of PPP for use in specific
regional areas instead of an authorisation on an entire national scale. Challenges of
such an approach are, among others, technical prerequisites such as detailed
regional data compilations (e.g. GIS-mapping), its consideration in the regulatory
risk assessment, the communication of measures and restrictions to the end user
and the possibility to control these specific mitigation instruments. Monitoring
programmes might become an essential prerequisite in order to evaluate the
applicability and effectiveness of regional mitigation measures. Taking into
account the current developments and the associated consequences for plant
protection, a shift from nationally applied restrictions of use and mitigation
measures to restrictions and mitigation measures on a regional scale might be
required to maintain a high environmental protection level.
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New Approaches to Environmental Risk Assessment of Veterinary
Pharmaceuticals at US Food and Drug Administration's Center for
Veterinary Medicine

H. Zahner, E.M. Silberhorn, U.S. Food and Drug Administration / Center for
Veterinary Medicine

This presentation will discuss current regulations, guidance, policy, and
approaches used at the US Food and Drug Administration’s (FDA’s) Center for
Veterinary Medicine (CVM) to prospectively evaluate the potential for
environmental impacts of new animal drugs. Under the National Environmental
Policy Act (NEPA), FDA is responsible for determining whether the agency’s
actions (e.g., approval of a new drug) will result in potential environmental
impacts. NEPA provides tools, such as environmental assessments (EA) and
categorical exclusions from the requirement to prepare an EA, for evaluating the
environmental safety of agency actions. In addition, CVM has published a
Guidance for Industry (GFI) with recommendations on how to conduct an EA that
was developed and harmonized with regulatory agencies in the European Union
and Japan, and has since been adopted by others. This guidance recommends a
tiered approach to testing that includes an evaluation of the fate, transport, and
effects of animal drugs in the environment, and recommends using a traditional
risk quotient approach when assessing risk. However, CVM’s GFI is not
applicable to the evaluation of some new animal drugs. For example, the current
GFI does not provide agency recommendations on how to estimate potential
environmental concentrations in soil or water, or on how to evaluate an animal
drug that has an unusual route of exposure (e.g., dietary), is known to be toxic at
very low concentrations (e.g., endocrine active compounds, parasiticides), those
that bioaccumulate in organisms, or those that persist in the environment.
Examples of novel approaches used by the animal drug industry and CVM to
address current issues will be presented. In addition, CVM’s current and future
scientific perspectives regarding the EAs for animal drugs will be discussed.

Alternative Approaches to Animal Testing for Ecotoxicity
Assessments: Exploring New And Novel Approaches (l)
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Setting the baseline in in vitro bioassays

B. Escher, Helmholtz Centre for Environmental Research GmbH - UFZ / Cell
Toxicology; F.C. Fischer, Hemholtz Centre for Environmental Research - UFZ /
Cell Toxicology; L. Glauch, Helmholtz Center for Environmental Research UFZ /
Cell Toxicology; L. Henneberger, Helmholtz centre for environmental research -
UFZ / Cell Toxicology; M. Koenig, Helmholtz Centre for Environmental
Research GmbH - UFZ / Cell Toxicology; P. Mayer, Technical University of
Denmark / Department of Environmental Engineering; R. Schlichting, Helmholtz
Centre for Environmental Research GmbH - UFZ / Cell Toxicology

Cell-based bioassays have become popular in chemical risk assessment and
monitoring of environmental samples. With a suite of simple short-term reporter
gene activation assays it is possible to obtain a picture of potential chronic adverse
effects and information on the modes of action of chemicals and samples in an
adverse outcome pathway framework. Recent advances in high-throughput
screening such as the Tox21 initiative and ToxCast have generated a large
database of effect concentrations for hundreds of endpoints suitable for various
risk assessment applications. Despite the rapid advances in this field, some
practical questions remain as well as issues with the interpretation of the effect
concentrations derived from concentration-response curves. Robotic pipetting
platforms increase throughput and permit decrease in bioassay volumes to as little
as a few p L but the trade-off are higher evaporative losses and a reduced
applicability domain. We derived a cut-off for volatility, which is actually a cut-
off related to the medium-air distribution ratio, that is driven not only by the
vapour pressure but also by solubility and the protein- and lipid-water partition
constants. Further, many reporter gene assay results are compromised by the so-
called cytotoxicity burst, where close to cytotoxicity, various reporter genes are
activated in a nonspecific fashion. We have not only improved quantification of
cytotoxicity but also experimentally derived baseline toxicity QSARs for eight
mammalian cell lines. We concluded that any effect concentration that is higher
than the inhibitory concentration for cytotoxicity is likely to be an artefact of the
cytotoxicity burst. It is notable that the baseline toxicity QSARs were fairly
similarly for all cell lines and mass balance modelling demonstrated that the small
differences are related to differences in bioavailability and make up of cells and
medium, with virtually constant critical membrane concentration, which are also
in the same range as the critical membrane concentrations for narcosis in aquatic
species. The developed baseline toxicity QSARs help to design experiments,
which should always be run up to baseline toxicity concentrations to assure that
no effects are overlooked, and to interpret effect data with respect to the degree of
specificity of the effect and for in-vitro to in-vivo extrapolations. This study is part
of the CEFIC ECO36 project.
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Performance of three-dimensional rainbow trout (Oncorhynchus mykiss)
hepatocyte spheroids for evaluating biotransformation of pyrene

M.T. Hultman, Norwegian Institute for Water Research; K. Lgken, M. Reid,
NIVA Norwegian Institute for Water Research; A. Lillicrap, NIVA /
Environmental Toxicology

Hydrophobic organic compounds have the potential to bioaccumulate in tissue and
lipid reservoirs of aquatic organisms such as fish, potentially causing both short
and long-term biological effects. The assessment of a compound’s potential to
bioaccumulate in fish involves its physicochemical properties (e.g. Log K,y) and
rate of biotransformation, using conventional animal (in vivo) test methods (e.g.
OECD TG 305). Due to the ethical and economical concerns, development of
non-animal computational (in silico) bioaccumulation assessment models (e.g.
Quantitative Structure Activity Relationships) for aquatic vertebrates (fish) have
been proposed. To improve existing computational predictions, various in vitro
tests (e.g. S9 fractions and primary hepatocytes) have been proposed for their
suitability as alternative bioaccumulation models. One recently developed model,
is the three dimensional (3D) hepatic spheroids of rainbow trout (Oncorhynchus
mykiss). The aim of present study was therefore to evaluate the metabolic
competence of 3D-spheroid hepatic cultures of rainbow trout when incubated with
the model compound pyrene (PYR). The results were compared with previously
published intrinsic clearance (CL) results for S9 and primary hepatocyte assays. In
addition, two different sampling procedures, estimating the total- (i) and free (ii)
concentration of PYR and its primary metabolite OH-PYR were assessed.
Extraction of total (bound and free) PYR (i) suggested that the spheroids had
depleted 33% of the added PYR within 4 h of exposure, further metabolizing a
total of 85% and 91% after 24 and 30h respectively. However, when applying the
second (ii) sampling procedure, a substantial amount (36%) of the PYR was,
within 2 h of exposure, bound to the glass wall of the exposure vial. The PYR
continued to be bound (33% and 2%) to the glass wall for the duration of the
exposure (6 and 30h, respectively). Log-linear formation of OH-PYR was
obtained throughout the study, displaying the 3D-spheroids metabolic
competence. The two sampling procedures yielded differently measured CLiy vitro,
spheroid, Where PYR depletion in the cell+media was highly similar to previously
published studies using cryopreserved hepatocytes. The 3D-spheroids
demonstrated high reproducibility, log-linear biotransformation of PYR and
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formation of OH-PYR, indicating that 3D-spheroids are highly metabolically
comptetent for 30 h or more.
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Integrated alternative approaches for bioaccumulation and toxicokinetics:
from in vitro data to in silico models

A. Sangion, University of Insubria / Department of Theoretical and Applied
Sciences (DiSTA); L. Bertato, University of Insubria; I. Casartelli, University of
Insubria / Department of Theoretical and Applied Sciences DiSTA; K. Foster,
Karen Foster Environmental Research / Adjunct Professor, Trent University,
Applications of Modelling & Quantitative Methods (AMOD); J.A. Arnot, ARC
Arnot Research & Consulting / Adjunct Professor, Department of Physical &
Environmental Science/Department of Pharmacology and Toxicology; J.M.
Armitage, AES Armitage Environmental Sciences, Inc / Physical and
Environmental Sciences; A. Looky, ARC Arnot Research and Consulting Inc.; L.
Toose, Liisa Toose Environmental Research; M. Embry, Health and
Environmental Sciences Institute HESI; E. Papa, University of Insubria /
Department of Theoretical and Applied Sciences

Under REACH, more data for chemicals have been assembled than ever before.
Unfortunately, the quality of data is not always adequate and, in many cases,
critical information, mainly related to toxicokinetic (TK) processes (i.e.,
biotransformation rates) is not available. Testing programs are expensive and
require a high number of animal lives per chemical, which is why REACH
advocates in vitro assays as a means to reduce animal-testing. Integrated Testing
Strategies (ITS) comprise both testing and non-testing methods, such as in vitro
testing and computational methods that aim to reduce animal testing and optimize
intelligent use of available information to improve chemical hazard and risk
assessment. The CEFIC LRI ECO44 “Integrating Bioaccumulation Assessment
Tools for Mammals (iBAT-Mam)” project’s primary objective is the integration
of multiple data streams of TK data in a coherent framework for the assessment of
bioaccumulation in mammals. Here, more than 30 years of in vitro and in vivo TK
data (rodents and human) are assimilated and critically evaluated. Then in vitro-in
vivo extrapolation (IVIVE) models and Quantitative Structure-Activity
Relationships (QSARs) are developed to maximize the information available from
in vitro and in vivo measurements. In addition, Quantitative Activity-Activity
Relationships (QAARs) are used to examine interspecies correlations and predict
missing information by extrapolating from one species to another. This
presentation will describe on-going methods to address data gaps in
biotransformation rates at multiple levels of biological organization through the
development of validated QSARs following OECD guidance. Preliminary
correlation analysis performed between intrinsic hepatic clearance measured in
vitro in rodents and humans revealed high interspecies correlation R>> 0.70.
QSAR models were generated for different structural groups to predict the hepatic
clearance in human and rodents. All models are stable, robust (R>> 0.70 and Q%>
0.65), externally validated and predictive when they are applied to generate
different splitting schemes with particular attention to the structural applicability
domain (AD). In conclusion, in vitro biotransformation rate data can be obtained
to systematically address uncertainty. New QSARs and predictive methods for
rates and half-lives are in development within this project.
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Detoxification capacity of zebrafish (Danio rerio) early life stages:
Characterization of the glutathione conjugation pathway by targeted
proteomics and metabolite analysis

A. Tierbach, Eawag / Department of Environmental Toxicology; K. Groh, Food
Packaging Forum Foundation; R. Schonenberger, Eawag / Department of
Environmental Toxicology; M.J. Suter, Eawag Swiss Federal Institute of Aquatic
Science and Technology / Department of Environmental Toxicology; K. Schirmer,
Eawag Swiss Federal Institute of Aquatic Science and Technology /
Environmental Toxicology

Zebrafish early life stages offer an important model for the study of disease and
chemical risk assessment due to their genetic similarity to humans and the
availability of well-established high-throughput techniques for toxicity analysis.
However, in order to understand the validity of this model for comprehensive
assessment of bioactive compounds, it is important to characterize the
biotransformation capacity of zebrafish embryos. Here, we focused on
detoxification pathways mediated by glutathione S-transferases (GSTs). This
enzyme family plays a major role in phase II biotransformation processes, and
GST-catalyzed conjugation reactions are a critical contributor to detoxification
and clearance of various intracellular metabolites, but also natural toxins and
xenobiotic compounds. First, we developed multiple reaction monitoring (MRM)
assays that enable monitoring specific GST isoenzymes and GST classes through
a combination of proteotypic peptides and peptides shared within the same class.
Our analyses showed that a few representatives of the four GST classes (alpha,
mu, pi and rho) are present in zebrafish embryos as early as 4 hours post
fertilization (hpf). The majority of GST enzymes, however, only become
expressed at 72 hpf, followed by a continuous increase in expression [1]. Next, we
studied the biotransformation capacity of the expressed GSTs in zebrafish
embryos and early larvae exposed to non-toxic concentrations of the reference
substrate 2 4-dinitrochlorobenzene (CDNB). CDNB and its mercapturic acid
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pathway biotransformation products were measured by LC-MS. In parallel,
changes in protein expression of cytosolic GSTs were monitored. Our results
demonstrate that early zebrafish life stages are able to perform glutathione
conjugation reaction with CDNB and to further process the product within the
mercapturic acid pathway. The early expression of a wide range of cytosolic GST
classes and the functionality of the mercapturic acid pathway supports the
functionality of the zebrafish early life stages as an alternative model in
toxicology and chemical hazard assessment. [1] Tierbach A, Groh KJ,
Schonenberger R, Schirmer K, Suter MJ-F. 2018. Glutathione S-Transferase
Protein Expression in Different Life Stages of Zebrafish (Danio rerio).
Toxicological Sciences.162(2): 702-712
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Developing in-silico predictions of toxicity

C. Iosif, University of Liverpool; P. Antczakp, University of Liverpool /
Computational Biology Facility

Human activities, including manufacturing and pharmaceutical processes, increase
the abundance of different toxins. The potential environmental impact of the
manufacture and use of pharmaceuticals is still not known, and as the number of
compounds in the environment is increasing, not all compounds can be tested. /n—
silico approaches, such as quantitative structure-activity relationships (QSARs)
models, can be used to address these issues. This type of models have been used
for the prediction of the biological activity, toxicity, and other properties, using
the chemical structure of the compounds based on the assumption that the
structure of a molecule is responsible for the physical, chemical and biological
properties. Zebrafish have been exposed to a variety of toxic compounds,
including endocrine disruptors, at different concentrations for up to 96h. A log-
logistic model was used to calculate the LC50 and the slope of the dose-response
curve of each compound. In addition, the General Unified Threshold (GUTS)
model of survival, will also be used in order to validate the LC50 values that are
going to be used in the generation of a predicting model. For the generation of the
model a list of molecular descriptors was obtained using Dragon 7 software, for
over 150 toxic compounds. Descriptors such as ALOGP (degree of
hydrophobicity), spectral moments and autocorrelation of topological structure
(ATS) descriptors, increase the accuracy of our predictive models. Heart-rate data,
for up to 96 hours, will be used to generate a model that can predict the heart-rate
of the zebrafish, based again on the structure of the molecule. The quantitative
structure-activity (QSAR) models will be integrated into the web application,
which can take any compound and will be able to provide the user with the
predicted LC50 and the slope values and the expected change in heart-rate. The
application will help predicting missing experimental data and prioritize chemicals
for toxicity testing, which can save time, effort and reduce the number of
experimental animals.
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QSARs for thiochemicals - a case study of using alternative information for
REACH registrations

M. Nendza, Analytisches Laboratorium; J. Ahlers, Consultant; D. Schwartz,
Bruno Bock Thiochemicals

A case study on acute aquatic toxicity of thiochemicals is presented to show the
possibilities and limitations of filling data gaps with alternative information in
accordance with the requirements of REACH [1]. Experimental studies with fish,
daphnia and algae are available for several case study chemicals. It is the objective
of this study to extract as much information as possible from the available
experiments to estimate required data by QSARs, read-across and trend analyses.
Thiochemicals are considered to be toxic with an unspecific reactive mode of
action (MOA) causing so-called excess toxicity, i.e. the effects are much higher
than estimated from baseline QSARs. Differences in toxicity between the groups
of thiochemicals are thought to be due to differences in reactivity of the respective
sulfur moiety, i.e. toxicodynamic differences. Within each group the
thiochemicals share the same reactivity due to the identical sulfur function, but are
different with regard to partitioning between biophases related to increasing
aliphatic chain length, i.e. toxicokinetic differences. Due to the toxicodynamic and
toxicokinetic differences, QSARSs, read-across and trend analyses are limited to
thiochemicals within the same group. Scientifically valid QSARs for
thiochemicals are not available and the present data base is too small to derive
new QSAR models that fulfil the OECD principles for the scientific validity of
QSARs. Most of the 36 data gaps for 16 thiochemicals to be registered by 2018
were closed by estimates using trend analyses and read-across for thiochemicals
within the same group, e.g., thioglycolates or mercaptopropionates. The testing
strategies to fill remaining data gaps recommend tests with algae (6 substances)
and daphnia (6 substances). Only for two substances experimental (limit) fish
studies are recommended. Thus, a substantial (>60%) reduction of animal
experiments is possible. [1] Ahlers J, Nendza M, Schwartz D. 2019.
Environmental hazard and risk assessment of thiochemicals. Application of
integrated testing and intelligent assessment strategies (ITS) to fulfil the REACH
requirements for aquatic toxicity. Chemosphere 214:480-490.

Natural Resources in LCA: Extraction, Processing and
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Dissipation of Metals, Minerals and Plastics (1)
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Abiotic depletion potentials (ADPs) for elements revisited

J. Guinee, University of Leiden / Institute of Environmental Sciences CML; L.v.
Oers, R. Heijungs, Leiden University / Institute of Environmental Sciences CML
In 1995 the original method for calculating the Abiotic Depletion Potentials
(ADPs) was published [1]. The ADP of resource i was defined as the ratio of P;
and the square of R; for resource divided by the same ratio for a reference resource
(Antimony (Sb)); hereby P; represent the annual production (kg/yr) of resource ,
and R; its ultimate (crustal-content based) reserve (kg). In 2002 ADPs were
updated based on most recent USGS annual production data. In addition, the ADP
was sub-divided into two categories and two sets of ADPs: ADPryii fueis and
ADPejemenss- Since then, the ADPejemens has not changed despite ongoing annual
updates of production data and also a few updates of crustal-content data that
constitute the basis of the ultimate reserves. Moreover, it was known that the
coverage of elements by ADPs was incomplete. These three shortcomings can
affect relative ranking of elementary resources and also normalized indicator
results for ADP-based abiotic resource depletion. This was realized during the
European Commission Product Environmental Footprint pilot project modeling
process in 2018, where it was realized that incomplete ADP normalization was
incorrectly dominating single score results. On top of this, dealing with annually
changing production may need new calculation procedures for the ADP. The
present study describes an effort to update the data (P; and R;), but with wider
ramifications, including an analysis of the changes over time, the resulting
variations and a proposal for a more robust updating procedure.
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Assessment of resource uses with dynamic stock models: ADP as a marginal
approach from Hubbert peak theory

A. Helias, INRA LBE / LBE ELSA; R. Heijungs, Vrije Universiteit Amsterdam /
Faculty of Economics and Business Administration

In LCIA, the resource issue is still debated and remains the least consensual area
of concern. The currently popular assessment models for resource depletion are
based on “heuristic” considerations. This presentation deals with the use of a stock
dynamic model to address the resource depletion by marginal approach. Based on
empirical data simulating the evolution of the exploitation rate, stock dynamics
models have been proposed in the literature. It is thus possible to define a
mathematical relationship linking the human intervention (the resource extraction)
to the impact (the stock depletion). The partial derivative is then used expressing
the marginal change and determining the Characterization factors (CFs). This
approach was used on fish stocks, and the similarities of the result with the
Abiotic Depletion Potential (ADP) proposed by Guinée and Heijungs in 1995 lead
us to look at the parallel we can draw. The fish population dynamics model is
based on the very common logistic function. This is also the relation used in the
Hubbert peak theory. We use the shape of the model to describe the current
depleted resource fraction. This fraction equals to zero for a never exploited
resource and tends towards one with the depletion. The use of partial derivative
therefore makes it possible to define the CF of the resource depletion on the basis
of the Hubbert theory. The difference between ADP and Hubbert-based CFs lies
only in the constant part of the equations with a fixed (antimony-based) unit
conversion factor for ADP and a resource-specific parameter for Hubbert-based
CFs. We show here that the original ADP is a very good estimator for the CF
derived as a marginal depletion characterization factor from the Hubbert curve
with an high correlation (r=0.99 with p-value
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Regionalized Global Life Cycle Impact Assessment of Natural Resource
Extraction and Processing

L. Cabernard, ETH Zurich / Environmental Engineering; S. Pfister, S. Hellweg,
ETH Zurich / Institute of Environmental Engineering

Over the past decades, the continuous growth in human population and economic
welfare has increased the pressure on natural resources and the environment to an
extent that is not sustainable. Thus, decoupling the environmental impacts from
economic growth has been defined as a policy objective by the United Nations
Environment Program. For this purpose, detailed assessments that quantify the
impacts of global resource production from a life-cycle perspective are crucial, but
are lacking so far. Here, we provide a globally regionalized impact assessment of
multiple environmental and socio-economic indicators, such as water stress, land-
use related biodiversity loss, health impacts due to particulate matter emissions
(PM health impacts), together with climate change impacts, value added,
compensation of employment, workforce and risks for employment. Further, we
developed a new method to allocate these impacts to the extraction and processing
of resources, called resource-related impacts in the following. This allowed us to
assess the temporal development of multiple resource-related footprint indicators
between 1995-2011 for the entire globe and for single nations. The regionalized
assessment showed, that all nations have achieved a decoupling of the
environmental impacts of their economic growth, but most nations did not achieve
a decoupling from their population growth, meaning that the per capita impacts
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have increased over the past. Further, we discuss the global trade pattern of
resource-related impacts over three stages of the supply chain to identify hotspots
of production, consumption, and trade of the environmental impacts of key
resource types. Results of this regionalized global impact assessment are
important to assess progress towards national and global environmental policy
targets, and serve as a basis to establish policy options for a more sustainable
production of resources. The method developed in this study can be applied on
any industrial sector(s) and region of interest to trace its regionalized impacts over
the global supply chain from a production, sector output as well as final demand
perspective.
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Extending the Geopolitical Supply Risk method: Potential for recycling as a
risk mitigation strategy

J. Santilldn-Saldivar, Université de Bordeaux / The Life Cycle Group CyVi; A.
Cimprich, S. Young, University of Waterloo / School of Environment, Enterprise
and Development SEED; G. Sonnemann, University of Bordeaux / The Life Cycle
Group CyVi

Criticality indicators are being used to inform management decisions on supply
risk and use of critical raw materials needed for emerging technologies. Improving
and promoting recycling processes is suggested as one of the strategies to support
the transition to a circular economy and address the concerns linked to supply risk.
Existing methods to assess supply risk of materials based on geopolitical
considerations do not consider the potential effects of recycling. This can be
overcome by enhancing the Geopolitical Supply Risk (GeoPolRisk) methodology,
which can be integrated into a Life Cycle Impact Assessment (LCIA)
characterization model. The aim of this study is to provide a measure for the
potential reduction of supply risk that can be achieved with domestic recycling.
The GeoPolRisk method measures the supply risk of a commodity based on the
supply mix to a country and the global production shares of suppliers. A
previously published study was used as a baseline for further assessment of
potential supply risk reduction attributable to domestic recycling from the
perspective of the European Union (EU-27) including recycling indicators made
available by the European Commission. A comparison is made between the
previous GeoPolRisk results and the updated values after the inclusion of
recycling considerations. Two scenarios were studied: a best case scenario (BCS)
that assumes a preference for low-risk suppliers and a worst case scenario (WCS)
that results in the selection of high-risk suppliers. Independent simulations were
developed for the analyzed materials. With the inclusion of recycling
considerations into the GeoPolRisk methodology it is possible to obtain a measure
of potential supply risk reduction. A powerful feature of this enhanced
methodology is the provision of a range that captures the effect of domestic
recycling on the supply risk of materials under different scenarios that depend on
the purchase decisions made by buyers of raw materials. A novel tool integrated
into a LCIA characterization model is provided to help guide decisions regarding
the adoption of recycling technologies and the selection of suppliers for product
systems. Further application of the methodology can also provide organizations
with indicators to promote recycling practices on a national and regional level in
order to support the transition towards a circular economy.
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Metal and mineral resources in LCIA - The SUPRIM project

J. Guinee, University of Leiden / Institute of Environmental Sciences CML; L.v._
Qers, R. Schulze, Leiden University / Institute of Environmental Sciences CML;
R.A. Alvarenga, Ghent University / Department of Green Chemistry and
Technology; J. Dewulf, EC JRC - IES / Sustainability Assessment unit; J.
Drielsma, Euromines

Over the past two decades, life cycle impact assessment methods have received
extensive attention and developed into mature methods mostly reflecting the state
of the art in the relevant scientific field. Despite these achievements and
harmonization efforts by the UNEP-SETAC Task Force on natural resources,
there is still a lack of consensus on how to assess abiotic resource use in life cycle
impact assessment (LCIA). This lack of a broadly accepted method, likely
attributable to the lack of a common perspective on resource use and a common
understanding of the potential problem(s) related to the use of resources, was the
starting point of the SUPRIM project. The aim of SUPRIM is to obtain an
understanding of different stakeholders’ views and concerns regarding potential
issues which result from the use of resources. The gained insights will be provided
in the form of a structured overview of those different views, which will then be
used as a basis for further method development. This is being achieved by ‘taking
a step back’ to a structured discussion about potential problems with resource use,
and different motivations behind resource management concepts. The project
focuses on impacts which occur directly from the use of abiotic resources - more
specifically, abiotic resources such as minerals, metals, and natural materials - e.g.
sand or natural stone. As one of its first activities, the SUPRIM consortium
developed a framework for a structured discussion of different perspectives on
resource use. The framework consists of an overarching perspective, a conceptual
level (“Modelling Concept™), and a practical implementation level. The
framework was first used as basis for a workshop discussion with external
stakeholders. Prior to the workshop, the framework was introduced to the external
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stakeholders by way of a discussion paper including a number of pre-defined
perspectives for discussion. Next, the workshop results were adopted as basis to
propose best modelling options matching the perspectives and problems identified
and prioritized by the workshop participants. The SUPRIM work is currently still
ongoing but expected to be finalized in Spring 2019, and we aim to present first
details of preferred methods at the conference.
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Development of a conceptual framework and its associated indicator to take
the dissipation of non-energetic abiotic resources into account within Life
Cycle Assessment (LCA)

A. Charpentier Poncelet, Université de Bordeaux; P. Loubet, CyVi-ISM / ISM
CyVi; B. Laratte, Université de Bordeaux / ENSAM 12M; G. Sonnemann,
University of Bordeaux / The Life Cycle Group CyVi

Recent developments for the Natural Resources Area of Protection (AoP) in Life
Cycle Assessment (LCA) have put current methods tackling resource use under
review by many (e.g. Drielsma et al., 2016; Klinglmair, Sala, & Branddo, 2014). It
has been proposed that the safeguard subject for mineral resources is their
capacity to fulfill provisioning functions for humans (materials, energy, food,
space, etc.) (perspective 2 from Dewulf et al. (2015)). Therefore the damage on
resources should be quantified as the reduction or loss of this capacity caused by
human activity. Dissipation has been identified as a relevant approach for this
perspective compared to methods based on resources depletion (Zampori & Sala,
2017). It allows a better identification of where resource are lost (dissipated),
including within the technosphere, and as a consequence lose their potential value
for human use. However, no consistent method has been developed to include
dissipation within LCA thus far. In this regard, we propose to build a conceptual
framework to include dissipation of metals and minerals within LCA. “Key
elements”, such as dissipation occurring during extraction, production and use,
quality limits (e.g. physicochemical limits, including thermodynamics, after which
the resource will be permanently lost as an emission or as a final stock within
mine tailings or end of life discharge), resource occupation in the technosphere,
recycling rates and quality loss are defined in order to make this approach
functional. Approaches to measure or evaluate such key elements, and the way
their implementation within Life Cycle Inventories (LCI) or Life Cycle Impact
Assessment (LCIA) can be done, are presented. Feasibility of the implementation
of these elements within the LCA methodology is evaluated and planned future
works based on this initial framework are presented. The developed framework
represents the first steps towards evaluating dissipation rather than depletion of
mineral resources in an LCA context, with an appropriate inventory and impact
method. This will lead to the possibility to distinguish between dissipated minerals
and recycled ones, which are kept within circular economy and contribute to
resource efficiency, and help to support decision-making based on such criteria.

Target and NonTarget Mass Spectrometry for Human and
Environmental Exposure Assessment (l1)
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High resolution mass spectrometry to investigate the fate of pesticides during
microalgae-based bioremediation treatment of water

E.L. Garcia, IDAEA-CSIC / Department for Environmental Chemistry; C.
Postigo, Institute of Environmental Assessment and Water Research IDAEA
CSIC / Environmental Chemistry; R. Avila, Universitat Autonoma de Barcelona
(UAB) / Departament dEnginyeria Quimica, Biologica i Ambiental; P. Blanquez,
UAB / Enginyeria Quimica; T. Vicent, UAB; M. Lépez de Alda, Institute of
Environmental Assessment and Water Research IDAEA-CSIC / Department of
Environmental Chemistry

Pesticides are substances highly used for many purposes worldwide. After their
use, they may end up in the aquatic environment, representing a risk to exposed
organisms. To reduce their environmental impact, it is necessary to develop
technologies capable of removing them before their release into the environment
or from pesticide-containing waters. In this context, the objective of this work was
to study a bioremediation technology based on microalgae to remove pesticides
from water. For this, microalgae-based degradation studies were carried out at lab-
scale with three different pesticides: acetamiprid, propanil and bentazone. All
experiments were performed in triplicate, and controls were used to quantify
adsorption and photodegradation. Pesticide degradation was monitored at time
zero, and after 2 and 7 days of treatment using liquid chromatography coupled to
heated electrospray-high resolution mass spectrometry (LC-HESI-HRMS)
detection using a hybrid quadrupole-Orbitrap (Q-Exactive) analyzer. Mass
acquistion was carried out in full scan and data-dependent MS/MS mode. This
type of analytical approach also allowed the investigation of the degradation
products (TPs) formed during the process. The results obtained showed that
propanil and acetamiprid were degraded in the presence of the microalgae.
Propanil was fully degradated after 2 days of treatment, whereas complete
degradation of acetamiprid required 7 days. On the contrary, no degradation at all
was observed for bentazone. As for the formation of TPs during the process, only
one TP could be identified so far. This TP was found in acetamiprid containing
waters and its accurate mass and assigned molecular structure corresponds
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tentatively to the hydroxylation of the parent compound. Additional
chromatographic peaks present in t=2 days and t=7 days samples are under
evaluation. Identification of additional TPs would assist in describing microalgae
biodegradation mechanisms. Acknowledgement - This work has received funding
from the Government of Catalonia (2017 SGR 01404 and 2017 SGR 00014), the
Spanish State Research Agency (AEI) and the European Regional Development
Fund (ERDF) through the project BECAS (grant number CTM2016-75587-C2-2-
R), and the European Union’s Horizon 2020 Research and Innovation Programme
under grant agreement No. 727450. This presentation only reflects the authors’
views and the Commission is not responsible for any use that may be made of the
information it contains.
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Pharmaceuticals and their Transformation Products in Hospital Wastewater
and Conventional Wastewater Treatment Plants

L. Niemi, M. Taggart, K. Boyd, Environmental Research Institute North Highland
College University of the Highlands and Islands; Z. Zhang, The James Hutton
Institute / Environmental & Biochemical Sciences; S. Gibb, Environmental
Research Institute North Highland College University of the Highlands and
Islands

Pharmaceuticals (pharma) are extensively used and introduced into our
wastewater where inadequate removal leads to release into surface waters.
Hospitals have been identified as a major point-source for pharma entering
municipal sewers and waterways, and rural hospitals are of concern as subsequent
treatment may be carried out with smaller, less advanced wastewater treatment
plants (WWTPs). The importance of characterising pharma degradation products
is becoming more evident as there is little information available on their presence,
behaviour and biological activity. Characterising the effect hospitals have on
pharma pollution in municipal wastewater and understanding pharma degradation
behaviour and removal in WWTPs are necessary to inform future decision making
regarding required infrastructure upgrades to mitigate risks to the environment.
Samples were collected from Caithness General Hospital (Wick, UK) and from
separate stages of the receiving WWTP. Liquid chromatography-tandem mass
spectrometry was used for quantitative analysis of eight compounds: paracetamol,
diclofenac and ibuprofen (analgesics/anti-inflammatories), clarithromycin and
trimethoprim (antibiotics), carbamazepine and fluoxetine (psychiatric drugs) and
170-ethynylestradiol (synthetic hormone). Pharma concentrations were in the mid-
high ng/L range, with the analgesics/anti-inflammatories and antibiotics detected
in the highest concentrations. High resolution mass spectrometry was used for
suspect-screening and non-target analysis to identify pharma degradation products
and elucidate transformation behaviour within the WWTP. Removal efficiency
was calculated from the influent and effluent concentrations, and indicated that the
conventional treatment techniques employed are ineffective for pharma, most
notably antibiotics. A risk assessment was carried out by comparing observed
concentrations, eco-toxicity data and prescription rates in Scotland. This suggested
that the compounds of most environmental concern are paracetamol, fluoxetine,
diclofenac, clarithromycin and 17a-ethynylestradiol in our study, and source
control may be the best preventative measure to reduce burdens on WWTPs and
protect water quality. The distribution and degradation of these compounds in
WWTPs and effluent-receiving surface water should be further investigated.
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Occurrence and seasonal variation of pharmaceutical compounds from four
therapeutical classes in the influents of two Portuguese wastewater treatment
plants

J.E. Rodrigues, EPAL S.A./ Direcdo Laboratérios e de Controlo da Qualidade de
Agua - Department of Organic Chemistry; S. Silva, iMed.UL, Faculdade de
Farm4cia da Universidade de Lisboa; V.V. Cardoso, Empresa Portuguesa das
Aguas Livres, S.A. EPAL / Direcdo Laboratérios e de Controlo da Qualidade da
Agua; M.E. Cardoso, Aguas do Tejo Atlantico - Departamento Laboratério de
Aguas Residuais; M.R. Coelho, Aguas do Algarve Ada; M.J. Benoliel, Empresa
Portuguesa das Aguas Livres, S.A. EPAL / Direcio Laboratérios e de Controlo da
Qualidade de Agua; C .M. Almeida, iMed.UL, Faculdade de Farmacia da
Universidade de Lisboa

Pharmaceutical compounds (PhCs) are one of the major classes of emerging
contaminants due to their intrinsic biological activity. Their presence, even in
trace concentrations, raise the possibility of causing adverse effects on both
aquatic ecosystems and humans due to chronic exposure. Although the occurrence
of PhCs in the urban water cycle has been extensively studied, the understanding
of the effects of conventional wastewater treatment processes on PhCs removal is
still scarce. Wastewater treatment plants (WWTPs) are crucial barriers against
PhCs, with their efficiency depending of several factors such as contaminants
psychochemical properties, climate conditions, technology, operational conditions
and contaminants concentration in the raw influents (WWI). Therefore, a detailed
characterization of WWIs load is important and mandatory towards improving
WWTP efficiency. In this work, a SPE-LC-MS/MS method was optimized and
validated for the measurement of 24 PhCs (10 therapeutical classes) in WWIs
from two Portuguese WWTPs: Beirolas and Faro Nw. Under project LIFE
IMPETUS, a total of 41 sampling campaigns were performed between September
2016 and July 2018. These two WWTPs showed similar concentration PhCs
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profile, being the most representative therapeutical classes analgesics
(acetaminophen, APAP), psychostimulants (caffeine, CAF), NSAIDs (diclofenac,
DCF, ibuprofen, IBUP, and naproxen, NPX) and antibiotics (erythromycin, ERT,
sulfadiazine, SDZ, sulfapyridine, SPD, and sulfamethoxazole, SMX). Based on
these results, these therapeutical classes were the main focus of this work.
Regarding seasonal behavior in Beirolas WWIs, median concentrations varied
between 1.6 ug/L (antibiotics, winter 2017) and 87.2 ug/L (analgesics, winter
2018). Seasonal variations were observed in analgesics (APAP), antibiotics
(mainly due to SDZ) and, in less extent, NSAIDs (mainly IBUP), particularly in
autumn and winter seasons. Regarding Faro Nw WWIs, median concentrations
varied between 0.95 pg/L (antibiotics, spring 2018) and 78.3 pg/L (analgesics,
winter 2018). Seasonal behavior was subtler in Faro Nw, possibly due to milder
climate conditions, and the variations were observed in analgesics (APAP) and, in
less extent, antibiotics. For both WWIs, psychostimulants showed no clear
seasonal variations. Overall, this approach enables a comprehensive overview of
PhCs profile in WWIs, and consequently, giving relevant information towards
improving the WWTPs removal efficiency.
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Beyond freshwater ecosystems: bioaccumulation of emerging contaminants
in plants growth in Saudi Arabia oasis impacted by wastewater

Y. Pico, University of Valencia / Environmental Quality and Soil; R. Alvarez-
Ruiz, University of Valencia; M.A. El-Sheikh, King Saud University / Department
of Botany and Microbiology, College of Science; A.H. Alfarhan, King Saud
University; H.O. Alshahrani, King Saud University / Department of Botany and
Microbiology, College of Science; D. Barcelo, ICRA / Department of
Environmental Chemistry

There is increasing concern on food safety because of environmental pollution.
Soil pollution with anthropogenic emerging contaminants (CECs) coming from
urban areas, industry or agriculturel such as pesticide, fertilizers, pharmaceuticals,
personal care products, illicit drugs has received much attention in recent year.
CECs in soils can not only be biodegraded, but also bioaccumulated and
biotransformed by plants, and pose toxicity beyond certain limit. This study aims
at assessing the problem of environmental contamination in two areas of Saudi
Arabia (Al-Hayer and Al-Asfar) heavily affected by the use of non-conventional
water resources (mostly treated wastewater) through the assessment of these
compounds in water, soil and sediments. Furthermore, the potential uptake and
bioaccumulation of those CECs found in soil was also evaluated. To this end,
pharmaceuticals (carbamazepine, ibuprofen, gemfibrozil, etc...), personal care
products (parabens, bisphenol A, etc...) and pesticides (diazinon, chlorpyriphos,
etc..) were determined using extraction with methanol and a solid-phase clean-up
(SPE) followed by liquid chromatography-tandem mass spectrometry with a triple
quadrupole (LC-MS/MS). Microplastics were also determined in water samples
by filtration of 20 L though a 150 gm net. Once isolated in the filters, several
treatments with oxidants and counting visually using microscope. The results
pointed out the widespread contamination of water, soil and sediments by these
CECs, including microplastics. The assessment of crops and other plant material
showed that several CECs, including six pharmaceuticals (atenolol, caffeine,
carbamazepine and its metabolites 10,11-epoxycarbamazepine, gemfibrozil, and
naproxen) and seven pesticides (acetamiprid, atrazine deethyl, azoxystrobin,
bupirimate, diazinon, malathion, pirimicarb and some of their metabolites) were
detected in plants. Up to our knowledge, this is one of the pioneering studies
demonstrating the CECs’ accumulation in crops irrigated with treated wastewater
under non-controlled environmental conditions. Acknowledgement — The authors
thanks the financial support from the Distinguished Scientist Fellowship Program
(DSFP) from King Saud University, Saudi Arabia. The mass spectrometry section
of the SCSIE of the Universitat de Valéncia is also acknowledge for the help R.
Alvarez acknowledge the Spanish Ministry of Science, Innovation and
Universities for his FPI grant BES-2016-078612.
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Determination of personal care products in wild fish bile using hybrid solvent
precipitation and dispersive solid phase extraction cleanup with UPLC-
MS/MS and GC-MS analysis

J. Zhao, South China Normal University; L. Yao, Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences; Y. Liu, South China Normal
University / Environmental Research Institute; G. Ying, Chinese Academy of
Sciences/South China Normal University / SCNU  Environmental Research
Institute

Personal care products (PCPs) are ubiquitous in aquatic environments owing to
the continuous discharge of domestic wastewater from highly urbanized regions.
These PCPs can be adsorbed by wild fish and thereafter usually enter the bile of
the fish through biliary excretion. In this study, a quick and sensitive method
based on a combination of hybrid solvent precipitation and dispersive solid phase
extraction (d-SPE) purification was developed to simultaneously extract and
detect 24 PCPs, namely, 16 biocides, 4 synthetic musks, and 4 benzotriazoles,
from wild fish bile. Hybrid precipitation on solid phase extraction (SPE) tubes
was applied to remove phospholipids and proteins, and a d-SPE procedure was
used for further purification. The extraction solvents for the hybrid
precipitation/SPE tubes and d-SPE materials were optimized. The method
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performances for bile samples both with and without enzyme hydrolysis using -
glucuronidase/aryl-sulfatase were validated. The 24 PCPs in fish bile were spiked
with standard concentrations of 10 ng/mL, 20 ng/mL, 100 ng/mL, and 200 ng/mL
to evaluate recoveries, which ranged from 70-120% for 16, 16,22, and 21
analytes with hydrolysis, respectively, and 70-120% for 14, 15,23, and 23
analytes without hydrolysis, respectively. The quantification limits for target PCPs
were in the range 0.26—6.45 ng/mL [excluding musk xylene (MX) and musk
ketone (MK)] and 0.20-8.62 ng/mL (excluding MX and MK) for bile samples
with and without enzyme hydrolysis, respectively. After enzyme hydrolysis, 12
PCPs were detected in bile from wild fish collected from the Yangtze River, with
a maximum detected concentration of 460 ng/mL, for triclosan (TCS). The
hydrolysis reaction indicated that high percentages of glucuronide and sulfate
metabolites for some PCPs, four parabens, and TCS, existed in the bile.
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Using column chromatography to assess mobility of natural toxins in the
aquatic environment

C.D. Schoensee, Agroscope / Environmental Analytics; K. McNeill, ETH Zurich /
Institute of Biogeochemistry and Pollutant Dynamics; S. Droge, University of
Amsterdam/IBED Institute / IBED; T. Bucheli, Agroscope ART / Environmental
Analytics

Over 34% of recently evaluated plant secondary metabolites (natural toxins) were
found to fulfil the criteria for aquatic persistency, mobility and toxicity based on
predicted property data.'? However, as prediction tools show limited
applicability,’ experimental evaluation of the organic carbon-normalized sorption
coefficient (Ko) as a primary mobility parameter is a crucial step to determine if
natural toxins end up in potential drinking water abstraction sites. Column
chromatography was applied in the systematic evaluation of sorption behavior of a
large diverse set of natural toxins to organic matter. Experiments were generally
performed as described previously.> However, in this study the method was
applied to a substantially larger set of compounds and experimental conditions
varied to study effects of e.g., temperature and pH on K. In addition, method
performance parameters were evaluated to ensure method applicability. The case
of natural toxins shows that column chromatography is a suitable method for
quantitative, reproducible analysis of sorption to organic matter. It is generally
applicable to large sets of mobile compounds (log K, between 0.5 and 3.5).
According to the obtained data, most analyzed phytotoxins can be categorized as
mobile in the aquatic environment with log K. values well below the defined cut-
off criterion for mobility of log K. = 4.5.2 Many toxins are also ionizable and
appear in the more water-soluble cationic form in the environmentally relevant pH
range and thus show even higher mobility. The very short analysis time and little
material requirements easily allow systematic investigations of differing
influences on sorption. Thus, detailed mechanistic insights are gained that are of
great value for understanding transport and fate processes in the environment.
Applying the method to other different sorbents in the future (e.g., minerals,
activated carbon) will help to determine their individual contribution to the natural
toxins’ overall mobility on their path from source to tap (drinking water).
References: 1) Giinthardt, et al; 2018. J. Agric. Food. Chem. 66 (29),7577-7588.
2) Arp, et al; 2017. Environ. Sci. Process Impacts 19,939-955. 3) Schenzel, et al;
2012. Environ. Sci. Technol. 46 (11),6118-26.

Your Science or my Science? When the Sides taken on a
Research Topic are Impacted by Different Philosophical
Positions and Values (1)
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The Role of Philosophical Positions and Values in Scientific Controversies
K. Elliott, Michigan State University / Lyman Briggs College

Scientific controversies often stem from underlying philosophical disagreements.
This talk will provide a starting point for the SETAC Special Session, “Your
Science or My Science? When the Sides Taken on a Research Topic Are Impacted
by Different Philosophical Positions and Values,” by clarifying three major ways
in which philosophical positions and values can impact scientific controversies.
First, those involved in scientific controversies may hold different background
assumptions, which result in differing interpretations of the available evidence.
For example, recent controversies about endocrine-disrupting chemicals like
bisphenol A (BPA) may stem in part from differing assumptions about how to
interpret apparent evidence of effects at low doses that are not seen at higher
doses. Second, controversies can stem from disagreements about levels or
standards of evidence. For example, conflicting views about the toxicity of
glyphosate appear to stem at least in part from disagreements about whether
particular kinds of studies and trends in data provide sufficient evidence for its
carcinogenicity. Third, controversies may stem in part from different ways of
framing a problem situation. For example, conflicting views about the
acceptability of genetically engineered crops may arise when some analysts are
focused on human health effects while others are considering broader social
impacts and alternatives. The talk will conclude by discussing ways of addressing
these philosophical positions and values in a fruitful manner, both by
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communicating about them more effectively and by fostering forums in which
they can be brought to light.
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The use of pesticides should be critically considered: the emblematic case of
neonicotinoids

J. Bonmatin, Centre National de la Recherche Scientifique

Research on pesticides and their impacts has increased in recent decades because
of pollution and impacts generated by pesticides for the environment.
Experimental data can be interpreted differently, depending on experimental
design, sources (for example, unpublished studies and/or peer-reviewed studies),
values and conflicts of interest. This can then influence decisions made on a
scientific basis, or simply reduce the credibility of science. Is destroying
biodiversity and ecosystems a sustainable strategy? Because research on
neonicotinoid insecticides is one of the best documented, because these relatively
new insecticides are used prophylactically (preventive treatment) and not as a last
resort, neonicotinoids illustrate the issue of mass use of pesticides as opposed to
sustainability. Science is often a contradictory process where data must be
accumulated before a general consensus can be reached. Several meta-analysis are
presented on these insecticides. They illustrate the impacts of neonicotinoids on
biodiversity and ecosystem services. Paradoxically, these ecosystem services
include the services needed for agriculture (for example, soil quality and
pollination). Therefore, the current use of these pesticides needs to be critically
examined. The assessment should not be limited to private and short-term
benefits, but also to a more comprehensive approach which includes increasing
pest resistance, limited resilience of the nature, and quality and richness of our
environment. Agronomic alternatives must be favoured because they have proved
their effectiveness in a vast majority of cases. In addition, it seems increasingly
risky to claim that what destroys biodiversity would have no effect on our health.

95

Principles to enable farm productivity and conservation through modern
crop protection

J.F. Gonzalez-Valero, Syngenta Crop Protection AG

Farmers today face many challenges from climate change, soil erosion and
biodiversity loss to changing consumer expectations and views on agricultural
technology. In particular the use of pesticides to protect crop quality, safety and
productivity are challenged by many. There is an undeniable demand for a shift in
crop protection, and a clear call for innovation and more action to address these
challenges in ways where everybody wins — from growers to consumers and the
environment. Arguably, crop protection products regulation has the highest levels
of consumer and environmental safety and it has constantly evolved for more
precautionary measure. Environmental Toxicology Science has evolved the safety
of pesticides and the role they play in protecting food quality and safety. However,
there is a strong believe that technology in agriculture is not needed and hence any
safety and risk assessment will biased. At the same time, there is no agriculture
without crop protection, be it mechanical, chemical- or biological-designed
molecule based, or build in through genetics. All these technologies need to
follow the same principles in order to be safe for humans and environment and to
protect food quality and quantity: 1) provide solutions for safe and nutritious food,
feed, fibers and fuels; 2) Improve soil health for climate-resilient agriculture; 3)
Enhance human health and well-being; 4) Protect natural resources; 5) be
developed in open communication and partnership to increase the shared value.
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Promoting sustainable use of pesticides and innovation: the Finnish
experience

T. Jern, Ministry of Agriculture and Forestry / Department of Food

Finland has a long history of sustainable use of pesticides. The Finnish
authorization system has been strict and many old pesticides were phased out
already in the eighties and in the nineties. We have statistics on pesticide sales
since the early fifties. We have always had a low use of plant protection products
and a low occurrence of pesticide residues, both in vegetable products and in
surface and ground water. Our first action plan for a sustainable use of pesticides
was, published in 2011. We focused on training and information. Our goal was to
reduce the health risks from pesticide use through maintaining the good situation
with pesticide residues and reducing the environmental risks of pesticide use by
developing and steering pesticide use, so that the risk to the environment and to
nature would be small. This included developing measures for water protection,
promoting a more diverse crop rotation and fostering better practices in handling
and storage of pesticides and remnants. We built a training system, which was
voluntary for the users of plant protection products. The exam to show that the
person really mastered the subject was compulsory. This way a professional user
could acquire his/her knowledge either by attending a training course or in another
way. The competent authority approved the providers of training and the exam
organizers. The second great challenge was to renew the system for testing of
application equipment. The first action plan was analyzed in 2017 and in 2018 our
second action plan was published. The new program has the same goal — to reduce
the risks from pesticide use - but it is more detailed, more ambitious and contains
quantitative or qualitative goals. The new plan includes clear actions but also
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reviews or assessments, that have to be done to clarify what sort of action needs to
be taken. Both for the first and the actual action plan we have sought to involve as
large an amount of stakeholders as possible to get them involved and committed
to the work. By getting people involved, we hope to see a good commitment to the
work, as it is our shared responsibility to achieve a sustainable use of pesticides.
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Discussion with presenters panel and audience

Biogeochemistry and Fate of Organic Pollutants in Aquatic
Systems (ll)
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Determination of cyclic volatile methylsiloxanes in German wild fish via a
GC-ICP-MS/MS method

G. Radermacher, Fraunhofer IME - Institute for Molecular Biology and Applied
Ecology / Environmental Specimen Bank and Elemental Analysis; H. Ruedel,
Fraunhofer IME - Institute for Molecular Biology and Applied Ecology /
Department of Environmental Monitoring; J. Koschorreck, Umweltbundesamt
Keywords: methylsiloxanes, cVMS, fish, retrospective monitoring Cyclic volatile
methylsiloxanes (cVMS) are widely applied industrially produced chemicals. For
example, cVMS are ingredients in personal care and household products. In
addition, they are used as intermediates for silicon polymers. The general structure
is a ring built of alternating oxygen and silicon atoms which are substituted with
two methyl groups at each silicon atom. Due to their physical and chemical
properties (e.g. high hydrophobicity, vapour pressures and Henry’s Law constants,
relatively long modelled and measured half-lives), cVMS have the potential for
long-range atmospheric transport, environmental persistence and bioaccumulation
in food webs. It has been shown that cVMS octamethylcyclotetrasiloxane (D4),
decamethylcyclopentasiloxane (D5) and dodecamethylcyclohexasiloxane (D6) are
present in freshwater fish from several countries (e.g. Canada, Norway and
Sweden). In 2018, D4, D5 and D6 were listed as Substances of Very High
Concern under the EU REACH regulation. Hence, the target of this study was to
investigate the occurrence and distribution of D4, D5 and D6 in fillets of German
freshwater (bream) and marine (eelpout) fish from major German rivers and the
North and Baltic Sea, respectively. Samples of the German Environmental
Specimen Bank (ESB) provide the opportunity to analyse time series. First, a
solid/liquid extraction method with acetonitrile and hexane mixture was
performed. Then, speciation and quantification of cVMS was carried out with a
new GC-ICP-MS/MS coupling method. The application of the triple quadrupole
technique allows the elimination of interferences, such as CO* or N," ions, on the
main silicon isotope (m/z=28) by the use of hydrogen as reaction gas. DS was
found in all samples from the riverine sampling sites. Furthermore, the results
show that D5 concentrations were clearly higher than the observed D4 and D6
concentrations. In total, the highest cVMS burdens were determined in samples
from the river Saar. In contrast, at ESB reference sampling site Lake Belau as well
as in eelpout muscle tissue from the North and Baltic Sea no cVMS were found.
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Analysis and occurrence of organophosphate esters in fish

L. Han, China Agricultural University / College of Science; Y. Sapozhnikova,
U.S. Food and Drug Administration / ARS

Organophosphate esters (OPEs) are high volume production chemicals used as
flame retardants and plasticizers in many consumer and commercial products.
OPEs have been reported in the environmental samples, .e. indoor dust, air,
wastewater, marine and river water, ground water, soils and sediments. Most
published reports on OPEs’ occurrence thus far focused on their levels in air,
water, soil, sediments, biota, and humans, and several recent publications emerged
on OPEs’ occurrence in foods. The goal of this study was to develop a fast and
simple method for analysis of the fourteen most commonly used OPEs in fish and
apply the developed method for the analysis of fish samples from the USA
markets to generate data on their occurrence. Fourteen OPEs selected in this study
were: trimethyl phosphate (TMP), triethyl phosphate (TEP), tri-n-butyl phosphate
(TnBP), tris (2-chloroethyl) phosphate (TCEP), tris (2-chloro-isopropyl)
phosphate (TCPP), tris (1,3-dichloro-2-propyl) phosphate (TDCPP), cresyl
diphenyl phosphate (CDPP), tri-cresyl phosphate (TCrP), tri-propyl phosphate
(TPrP), tri-phenyl phosphate (TPP), 2-ethyl-hexyl-diphenyl phosphate (EHDPP),
tris (2-butoxyehtyl) phosphate (TBEP), tris (2-ethylhexyl) phosphate (TEHP); tri-
isobutyl phosphate (TiBP). The developed method was based on QUEChERS
extraction, automated mini-SPE cleanup, and UHPLC- and fast low pressure
(LP)GC-MS/MS analyses. 14 OPEs were analyzed by UHPLC- and 8 OPEs were
analyzed by LPGC-MS/MS. Two isotopically labeled internal standards: TPP-d,s
and TCEP-d,, were used. Method detection limits were 0.5 - 1 ng/g, and OPEs’
ubiquitous presence in laboratory environment and materials presented a challenge
to their accurate quantitation at levels below 1 ng/g, especially in LC- vs. GC-
MS/MS analysis. The method was validated at four spiking levels (5, 10, 20 and
40 ng/g), and satisfactory recoveries (70-120%) and RSDs (< 20%) were achieved
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for 13 OPEs. The validated method was applied for analysis of different fish
samples to generate needed data on OPEs occurrence in fish. TCPP was found in
flounder, monk fish and catfish in concentrations 0.3-8 ng/g. More data on
occurrence of these emerging contaminants are needed to advance our
understanding of their potential risks and aid in future risk assessments and
regulations.
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Tracing microbial turnover of pesticides in water-sediment with stable
isotope probing

K. Nowak, TU Berlin / Institute for Environmental Research (Biology V); S.
Wang, Helmholtz Centre for Environmental Research UFZ / Dept of
Environmental Biotechnology; A. Miltner, Helmholtz Centre for Environmental
Research UFZ

Pesticides and their transformation products are frequently detected in freshwater
sedimentary environments, but there are no comprehensive studies on their
behaviour in these systems. Microorganisms can use C and N from a pesticide to
synthesize their biomass compounds, e.g. amino acids. Their biomass compounds
after the death can be stabilized in the organic matter of sediment forming
harmless biogenic non-extractable residues (bioNER). The conversion of a
pesticide to carbon dioxide and bioNER leads to their ultimate detoxification. The
objective of this study was therefore to investigate the turnover of model
pesticides (glyphosate and metamitron) in the water-sediment systems with a
particular focus on its biodegradation pattern and bioNER formation using the '*C
and '"N-labeling approach. Mineralization in water-sediment was much higher
(55.7% of '*Cs-glyphosate and 49% of '*Cs-metamitron equivalents) than in the
water only (2.4% of *C;-glyphosate and 4.9% of '*C¢-metamitron equivalents).
This finding demonstrates the key role of sediments in pesticides’ degradation.
Nearly all '*C and '"N-NER from '*C;'’N-glyphosate were biogenic NER, whereas
83% of *C-NER from *C4-metamitron were bioNER. The presented data provide
the first evidence of the utilization of glyphosate as a carbon and nitrogen source
and metamitron as carbon source. *C (and *N-label) incorporation into amino
acids revealed that both pesticides were degraded into two different pathways.
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Environmental Fate of Antimicrobial peptides

C.A. Davis, ETHZ / Eawag / Department of Environmental Chemistry; E.
Janssen, Eawag / Environmental Chemistry

Due to resistance formation towards conventional antibiotics, antimicrobial
peptides (AMPs) are becoming increasingly important as a last resort against
multi-drug resistant bacteria. The World Health Organization has reclassified
some AMPs as critically important for human medicine in 2011. However, many
AMPs had been introduced to the market before environmental risk assessment
was required, e.g., by the European Medicines Agency (EMA) since 1998. While,
polymyxins and bacitracin have been administered as antibiotics and growth
promotors in the feedstock industry since the 1960sand were reconsidered for
human medicine by EMA in 2013, their mobility and persistence in the
environment remains unknown. In this study, we investigate the environmental
fate of three commonly used AMPs: bacitracin, daptomycin, and polymyxins B
and E (Colistin). We find moderate affinity of anionic daptomycin to sorb to
standard European soils (Kq=20.6 — 48.6), while the cationic polymyxins bind
irreversibly. Assuming moderate mobility for some AMPs and potential to be
flushed out by run off events, we further investiated photochemical and microbial
transformation processes in surface waters. We demonstrate that daptomycin has a
photochemical half life of 7 hours, predominantly driven by direct
phototransformation (48%), reaction with singlet oxygen (19%), and with excited
triplet sensitizers (up to 33%). Polymyxins have shorter half-lives (1.5-2.0 h)
predominantly driven by indirect photochemical processes. Ongoing test further
suggest that biotransformation by riverine biofilm can play a key role in the fate of
AMPs. Our findings of sorption behavior, photo- and biotransformation rates
together will reveal the overall persistence of AMPs in the aquatic environment.
Keywords: Antimicrobial peptides, photodegradation, biotransformation
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Natural Bromophenolic Compounds in Nordic Macroalgae

T.F. Bidleman, Umea University / Department of Chemistry; A. Andersson, Umea
University / Department of Ecology and Environmental Sciences; S. Brugel,
Umea University / Dept. of Ecology and Environmental Sciences; L. Ericson,
Umea University / Department of Ecology and Environmental Sciences; P.
Haglund, Umea University / Department of Chemistry; D. Kupryianchyk, Umea
University / Department of Chemistry Biochemistry; D.C. Lau, Umea University
/ Department of Ecology and Environmental Sciences; P. Liljelind, L. Lundin, M.
Tysklind, Umea University / Department of Chemistry

Macroalgae are used worldwide for human food. They are a rich source of
vitamins, minerals, fibre, phytochemical antioxidants (fucoxanthin, polyphenols)
and omega-3s, and many health benefits are attributed to their consumption [1].
Bromophenolic compounds (BPCs) are commonly found in marine algae. BPCs
comprise bromophenols (BPs) and transformation products bromoanisoles (BAs),
hydroxylated and methoxylated bromodiphenyl ethers (OH-BDEs, MeO-BDEs)
and polybrominated dibenzo-p-dioxins (PBDDs). BPCs enter the human diet
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through macroalgae consumption and from BPCs bioaccumulated in seafood.
Profiles of MeO-BDE congeners in human serum reflect dietary exposure [2].
Toxic properties associated with BPCs include hormone disruption (OH-BDEs
and MeO-BDE:s) [3] and inhibition of oxidative phosphorylation (OH-BDEs) [4],
and binding to the aryl hydrocarbon receptor (PBDDs) [5]. BPCs are accumulated
in the Baltic food web [6,7]. In 2017-2018, we collected macroalgae from the
Bothnian Sea (northern Baltic), Swedish west coast (Skagerrak) and Norwegian
coast to determine the variability of BPCs among species and locations and
estimate the role of macroalgae in supplying BPCs to Nordic estuaries.
Compounds identified in 18 species (red, green and brown) were 2,4-DiBA, 2 4.,6-
TriBA, 2°-MeO-BDE66, 6-MeO-BDE47, one tetrabromo- and two tribromo-
MeO-BDEs with unknown substitutions. Concentrations (pg g wet wt.) varied
over several orders of magnitude: 62—41000 for £,BAs and < 15490 for £sMeO-
BDE:s. Higher concentrations were generally found in brown algae Ascophyllum
nodosum and Fucus spp. The wide range of BPCs in macroalgae and strong
seasonal variations [6] are important factors in controlling sources to estuaries and
bioaccumulation, and for human consumption. [1] Brownlee, I. et al. 2012. The
potential health benefits of seaweed and seaweed extract. In: Pomin, V.H. (ed.)
Seaweed: ecology, nutrient composition and medicinal uses. Marine Biology:
Earth Sciences in the 21st Century. Nova Science Publishers, Hauppauge, NY,
119-136. [2] Haraguchi, K. et al. 2016. Environ. Internat. 97,155-162. [3]
Wiseman, S.B. et al. 2011. Mar. Pollut.Bull. 63, 179-188. [4] Legradi, J. et al.
2014. Environ. Sci. Technol. 48, 14703-14711. [5] van den Berg, M.; et al. 2013.
Toxicol. Sci. 133, 197-208. [6] Dahlgren, E. et al. 2016. Chemosphere 144,1597-
1604. [7] Dahlberg, A.K.M.; Chen, V L.; Larsson, K.; Bergman, A Asplund, L.
\n2016. Chemosphere 144, 1475-1483.
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Biodegradation of cylindrospermopsin by manganese oxidizing bacteria

E. Martinez Ruiz, Technische Universitit Berlin / Institute of Environmental
Science & Technology; M. Cooper, Technical University Berlin; J. Fastner, UBA
Umweltbundesamt / Section Drinking Water Treatment and Resource Protection;
U. Szewzyk, Technical University Berlin / Chair of Environmental Microbiology
Cyanobacterial blooms pose a high risk to the health of humans and freshwater
organisms due to the potential production of cyanotoxins. Cylindrospermopsin is
an alkaloid toxin commonly found in freshwater bodies and is toxic to humans
and other organisms. In natural environments, concentrations have been found
between 0.2 to more than 200 g L. So far, little is known about the biological
degradation of cylindrospermopsin. Manganese oxidizing bacteria (MOB) are
capable of transforming a variety of organic and inorganic pollutants. However,
their potential for biodegradation of cyanotoxins, as cylindrospermopsin, has not
been assessed yet. Therefore, cylindrospermopsin degradation via different
neutrophilic aerophilic MOB isolated from natural and technical systems was
investigated. Tested MOB’s included one Pseudomonas sp. strain, two Leptothrix
sp. strains, and one Ideonella sp. strain. In addition, we assessed the influence of
different parameters such as the presence of iron, yeast extract and manganese on
the degradation of cylindrospermopsin. The concentration of oxidized manganese,
as well as cylindrospermopsin removal by biogenic oxides alone was also
evaluated. Pseudomonas sp. strain OF001, degraded about 100% of the toxin in
three days. The highest degradation efficiency was measured when MnCO3 was
used as manganese source for the MOB in the media, ranging from 25 to ~100%
of cylindrospermopsin removal and degradations rates of 1.13 —37.01 ug L' day”
' In the absence of manganese, the degradation was null or lower than 20%. The
concentration of oxidized manganese in the medium did not influence
cylindrospermopsin degradation, showing that the mere active oxidation of
manganese is important without considering how much biogenic oxides they
produce. Cylindrospermopsin degradation by biogenic oxides, in the absence of
viable cells, was low or non-detectable. Considering the efficient removal of
cylindrospermopsin by the tested strains, manganese oxidizing organisms could
play an important role in cylindrospermopsin degradation. In addition, MOB
could be promising candidates for future enforcements for biodegradation of
cylindrospermopsin in water treatment plants.
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Humic products for soil remediation technologies: chemical properties and
biological activity

O. Yakimenko, Moscow State University / Soil Science Faculty

Humic products (HP) produced by companies from various organic materials, are
being increasingly used in soil remediation. Depending on organic source material
(lignite, peat or composts), humic acids (HA), which are considered to be the
active ingredient in HP, are different in chemical structure and in their efficiency
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as plant growth promotors and soil conditioners. The objective of the study was to
evaluate in a number of laboratory, pot and field experiments the potential of HP
as plant growth stimulators for agriculture and as remediating agents for
contaminated soils. Chemical properties of a number of lignite-, peat- and
lignosulphonate- derived HP (elemental content, IR-spectra, absorption and
fluorescence spectra) are analysed. Biological activity of the same HP are
examined in laboratory and field experiments using various endpoints: plant
biometry, soil chemical and biochemical parameters, bioassays with battery of
test-cultures, effect on yield and crop quality in field trials. Potential of HP to
decrease content of available species of heavy metals in contaminated soils is
evaluated in case studies. Several approaches to assess the effectivity and
“integrated environmental quality” of HP are tested and compared using
detoxication coefficient, Triad method, and Harrington desirability function. The
organic matter genesis is the key factor influencing composition and structure of
HA in HP. HA from fossil coal are more aromatic, hydrophobic, contain fewer
functional groups and mobile low-molecular components. Peat-derived HA are the
most aliphatic, hydrophilic and enriched with amino acids and carbohydrates.
Using absorption and fluorescence spectra one can discriminate organic matter
source for HP from lignite, peat and lignosulphonate. Bioassays showed that HP
could provide both stimulationg and inhibiting effect, depending on sensitivity of
test-culture, experimental design, nature and properties of HP. In laboratory tests
most of analyzed HP promoted development of roots and shoots, stimulated
fluorescence of algae and affected activity of some soil enzymes at 10-100 mg/L.
In field trials, preplant seed treatment with HP affected plant resistance to
chemical products. In heavy metal contaminated soils application of HP decreased
the toxic effects of Cu, Pb and Cd on plants. Integrated “environmental quality
indicators” showed that HP at rates 0.0025 and 0.01% are able to reduce
ecological toxicity in urban soils The study was supported by RFBR, grant 18-04-
01218_?
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Antioxidant activity and toxic properties of humic substances. Evaluation via
bioluminescent enzymatic assay

N. Kudryasheva, Institute of Biophysics SB RAS Federal Research Center
Krasnoyarsk Science Center SB RAS; A.S. Sachkova, Tomsk Polytechnic
University / School of Nuclear Science & Engineering; E.S. Kovel, Institute of
Biophysics SB RAS, Federal Research Center Krasnoyarsk Science Center SB
RAS

Bioluminescent methods are widely used to monitor toxicity of media due to high
rates of the assay procedure and simple registration of the luminescent signal.
These features provide a large number of measurements under comparable
conditions, which is extremely important for statistical processing. The classic
bioluminescent bioassay is based on luminous marine bacteria; it has been widely
used for more than 50 years to assess a toxicity of aquatic environments due to
high sensitivity to pollutants. A suppression of maximal bioluminescence intensity
is a quantitative characteristic of general (integral) toxicity of the environment.
Recent decades, a new type of bacterial bioluminescence assay develops. It is
based on a system of coupled enzymatic reactions of luminous bacteria, namely,
two reactions catalyzed by bacterial luciferase and NAD(P)H:FMN-
oxidoreductase. A particular feature of this bioassay is specificity to the group of
toxic agents of oxidative nature: additionally to reducing maximum luminescence
intensity, a bioluminescence delay period occurs; it depends non-additively on the
oxidizer’ concentration and redox potential. This feature is a basis for monitoring
the oxidative toxicity of the environment. Hence, the bioluminescent enzymatic
bioassay can be used to determine both the General Toxicity (GT) of high-
concentration solutions of bioactive compounds (involving humic substances, HS)
and their ability to change Oxidative Toxicity (OxT) of the media, i.e. their
antioxidant activity. Toxicity and antioxidant activity of HS was studied in a wide
range of their concentrations using the enzymatic bioluminescent bioassay.
Chemical and biological aspects of the effects are under consideration. The
antioxidant activity was demonstrated at low HS concentrations. Toxicity of the
HS solutions was evaluated with effective concentrations EC-50; detoxification
coefficients Do,r and Dgr were used to evaluate antioxidant activity in solutions of
organic and inorganic oxidizers. The toxicity and antioxidant activity of HS was
compared to those of the other bioactive compound, fullerenol-60 (). Differences
in the effects of HS and F' were related to (1) the mobility of functional groups and
fragments of AS, (2) their high ability to reduce the content of reactive oxygen
species in solutions. \n The work was supported by the PRAN-32, grant of RFBR
N18-29-19003mk
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Structure and dynamics of microfungal communities in soils with different
humus content under polymetallic pollution

E.V. Fedoseeva, Pirogov Russian National Research Medical University /
Pediatric faculty; A. Ivanova, N. Verkhovtseva, Lomonosov Moscow State
University; V. Terekhova, Lomonosov Moscow State University / Lab of
Ecotoxicological Soil Analysis

Heavy metals (HM) pollution is a priority negative impact on soils. The sorption
of HM cations by soils, and consequently the toxicity of these pollutants, depends
on soil properties including humus status. Structural indicators of fungal
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communities and proportion of melanin containing species can be considered as
the most informative for certain kinds of anthropogenic impacts. The humus status
of soils can be modeled by the introduction of carbon containing compounds. The
aim of the study was to characterize the structure and dynamics of fungal
communities under polymetallic pollution in soils with different humus content
without and with carbonaceous amendments. The two types of soils were taken for
the experiment: chernozem and agrozem (organic carbon content 5.5+0.02% and
1.5+£0.02%, respectively). Dry mixture of HM (Zn, Cu and Pb) was added to soil
samples. Then the amendments were applied: 5 % biochar in dry form, 0.25 %
lignohumate in the form of an aqueous solution, and their mixture. Thus, 8
experimental variants were formed for each type of soil. The inoculation of
microfungi from each experimental variant was carried out on three nutrient
medium. Accounting of colony forming units (CFU) and taxonomic identification
of spore forming forms was carried out. Also the assessment of microbial
community structure differences in polluted and amendment soils samples were
conducted by means of lipid analysis. At the beginning of the experiment, only
minor fluctuations in fungal species diversity, which were little dependent on the
type of soil, were revealed. Microfungal communities have undergone a
transformation during the exposition. The dynamics of the taxonomic composition
and the number of CFU differed in soils of different humus status. We can assume
that at the end of the exposure: 1) species diversity of microfungi increased in the
both types of soils, but it was higher in agrozem samples; 2) polymetallic
pollution had a stressful effect, resulting in an increase in the number of species in
the most experimental variants, especially in chernozem samples. According to
results of lipid analysis the fungal biomass of dark-colored Aspergillus sp.
increased sharply under HM in agrozem, and it decreased when the samples were
carbon enriched after treatment with biochar and lignohumate. On the contrary, in
humus-rich soil - chernozem, the effect of both TM and amendments was not so
noticeable. The study was supported by RFBR, grant 18-04-01218_7.
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Electrophoresis of soil humic acids - the key tool for revealing of their
structural organization

O. Trubetskoj, Russian Academy of Sciences; O. Trubetskaya, Institut of
Bioorganic Chemistry RAS

Electrophoresis of soil humic acids — the key tool for revealing of their
structural organization Oleg Trubetskoj®, Olga Trubetskaya® ‘Institute of
Basic Biological Problems, RAS, 142290, Pushchino, Moscow region, Russia
"Branch of Institute of Bioorganic Chemistry, RAS, 142290, Pushchino, Moscow
region, Russia E-mail: olegi03@yahoo.com 1. Introduction One of the
electrophoretic approaches, which have been successfully used for humic acids
(HAs) study, is polyacrylamide gel electrophoresis (PAGE) where distinct
electrophoretic zones (EZ) were observed. On the other hand by using practically
all known analytical techniques a huge number of individual molecular structural
components were detected in HAs and they are unlikely could represent only a
few distinct EZ of soil HA. On this reason the question concerning to EZ of soil
HA is - what they are present itself? 2. Objectives Twelve soil HAs of different
genesis were the objectives of present study. 3. Materials & methods Trubetskoj
et al. (1991) has developed the new method of PAGE in the presence of
denaturating agents which allowed separation of soil HA into quite reproducible
distinct EZ. The coupling PAGE with SEC allowed to obtain preparative
quantities of EZ from different soil HAs (Trubetskoj et al. 1999). Only after
application of coupling SEC-PAGE for fractionation of soil HA the study of
physical-chemical properties of their EZ was possible. 4. Results We followed
systematically this method over the last twenty years with different analytical
tools and this allowed us to obtain physical-chemical characteristics EZ of
different soil HAs with clear differences in terms of (1) electrophoretic mobility,
(2) molecular size, (3) fluorescence and UV-vis spectra, (4) humic-like and
protein-like fluorophores distributions, (5) amino acids weight content, (6) plant
and/or microbial long chain fatty acids content, (7) aromatic/aliphatic components
ratio, (8) hydrophobicity, (9-10) photosensitizing and phytohormone-like
activities. 5. Conclusion EZ of soil HAs independently on the soil origin consist
of predominantly aromatic or aliphatic structures and possess different physical—
chemical properties. It seems similar marked fractions have similar structural
organization. Findings are consistent with the hypothesis that the structure of soil
HAs arises through supramolecular assembly of different compound.
Acknowledgements The work has been supported by RFBR (project 18-016-
000787?).
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Selection of amendments to decrease the mobility and toxicity of inorganic
pollutants (Pb, As, Ba, Zn) in a mine tailing for the development of a
phytoremediation process

M. Norini, ISTO; H. Thouin, BRGM,; L. Le Forestier, P. Gautret, ISTO; M.
Motelica, ISTO / ISTO; L. De Lary De Latour, BRGM; F.F. Battaglia-Brunet,
BRGM / Water, Environment and Ecotechnology Division

In mining sites, the alteration of tailings induces a risk of dispersion of toxic
elements, in addition with potential pollution of groundwater and surface water
through leaching. The development of a vegetal cover is one of the potential
options to decrease the risks. However, the growth of plants on mine tailings is
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generally hampered by several parameters: acidity, lack of nutrients, poor texture
and toxicity of metals and metalloids. Thus, amendments are necessary to
overcome these limitations. A mine tailing material was sampled on a former
silver and lead mining site. Chemical analysis indicated the following
concentrations in pollutants: 26 432 mg kg Pb, 265 mgkg' Zn, 1 063 mg kg™
Ba, 1134 mg kg™ As. The tailing is acidic, siliceous and coarse (76% of particles
with size in the range of 315 ym - 2 mm). A cow manure and some ochre (iron
oxide-hydroxide) material produced in the water treatment plant of a coal mine
were tested, alone or in combination, to stabilize the most mobile toxic pollutant,
Pb, while avoiding the mobilization of other toxic elements. Leaching and
microcosm experiments were performed and showed that the Pb concentration in
water, that was higher than 10 mg.L™" with the not-amended tailing, was decreased
by a factor x100, while As, Zn and Ba concentration did not increase significantly.
Ochre (added at 5% in weight/weight) allowed increasing pH and could adsorb
some metals and metalloids. The metabolic microbial diversity, evaluated using
Ecolog® plates, was improved by all amendements after one month of incubation.
Polymers were the most used substrates in the non-planted microcosms, after one
month of incubation, suggesting a specialized microbial community. Planted
microcosms revealed that the growth of ryegrass was significantly improved by
the addition of ochre and manure : the biomass of ryegrass is 3.5 X (with 5%
ochre and 2% manure) to 4.8 X (with 5% ochre and 0.15%) greater than in the
condition of plants growing on unamended soil. The next experimental step will
include the monitoring of phytostabilization at metric scale, in mesocosm, with a
vegetal specie naturally present on Pontgibaud mine site, belonging to the Agrostis
genus.

From Hazard Assessment to Regulatory Risk Management
Action - Approach Development for UVCBs (Il)
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Approaches to address variability and uncertainty in PBT and risk
assessment of Petroleum substances

A.D. Redman, Exxon Mobil Biomedical Sciences, Inc. / Toxicology and
Environment Science Division; C. Hughes, Ricardo Energy & Environment /
Chemical Risk; Y. Verhaegen, CONCAWE; E. Vaiopoulou, European Petroleum
Refiners Association; T. Parkerton, ExxonMobil Biomedical Sciences Inc. /
Toxicology & Environmental Science

1. Introduction Risk assessment of petroleum substances is complicated by the
variable and complex nature of the composition of the substances. Analytical
characterization methods used to characterize composition vary based on project
needs as well as the nature of the substance. The analytical techniques for
complex substances often are challenged to definitively identify every constituent
in a substance, which introduces some uncertainty into the risk assessment
process. Environmental fate and toxicity properties also vary by chemical class
and carbon number and is characterized by using representative structures with
known, or estimated, physicochemical properties. Risk assessment frameworks
need to be flexible to account for these variable analytical inputs and
compositional variability. Existing risk assessment frameworks use the
hydrocarbon block method to reduce variability and uncertainty. Variabilty is
assessed by applying risk assessment models across broad datasets to understand
the extent of variation between and within categories. Uncertainty in risk
assessments is accounted for by comparing toxicity and risk simulations using
estimated structures, compared to empirical toxicity data, and conservatively
derived predicted no effect thresholds (PNEC). Further, uncertainty is further
addressed through the use of conservative emission factors that can greatly over-
estimate true emissions. 2. Materials and methods The hydrocarbon block method
used for several decades and recent applications rely on finer blocks
corresponding to avaible analytical chemistry in the PETRORISK model [1], and
has been used in the PETROTOX model for toxicity prediction of petroleum
substances [2, 3]. Both models use the toxicity thresholds established in the Target
Lipid Model [4]. Application of these models to a wide range of petroleum
substances provides an indication of the variability that is observed between
substance categories, sources, seasons, and other factors that can affect substance
composition. Uncertainty in PBT assessment was evaluted by comparing model
predictions to available acute and chronic toxicity data for petroleum substances
and through comparison to the PNECs [3]. 3. Results and discussion Variability
exists in all model frameworks as a general rule. The impact of the variability on
toxicity predictions for risk assessment is minimized by using statistical
extrapolation techniques to estimate conservative PNECs. The PNECs are
validated against available chronic toxicity data. 4. Conclusions In case of PBT
assessment we advocate that uncertainty should be addressed using weight of
evidence evaluation using multiple lines of evidence, and especially higher tier
evaluation data. This would improve transparency and predictability in the
decision making process. Otherwise, the inconsistent use of data and lack of WoE
will effectively mis-prioritize chemicals limits the ability of industry to generate
reliable data to support sound risk assessments. 5. References Redman, A.D., et
al., PETRORISK: A risk assessment framework for petroleum substances.
Integrated environmental assessment and management, 2014. 10(3): p. 437-448. 2.
Redman, A.D., et al., PETROTOX: An aquatic toxicity model for petroleum
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substances. Environmental Toxicology and Chemistry, 2012. 31(11): p. 2498-
2506. 3. Redman, A.D., et al., 4 re-evaluation of PETROTOX for predicting acute
and chronic toxicity of petroleum substances. Environmental toxicology and
chemistry, 2017. 36(8): p. 2245-2252. 4. McGrath, J.A., et al., Re-evaluation of
Target Lipid Model-Derived HCS5 Predictions for Hydrocarbons. Environmental
toxicology and chemistry, 2018.
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A proposed Method of Determining Environmental Risk of Complex
Substances

P. Thomas, CEHTRA SAS / Ecotoxicology and Risk Assessment; P. Bicherel,
KREATiIS

1. Introduction Methodologies for Environmental Risk Assessment (ERA) for
single substances have been well established in the EU for some time. However,
these assessments are not designed to be perfect, tend to conservatism, include
non-science-based assessment factors to account for uncertainty and cannot depict
with precision the real fate of a chemical. Current ERA methodology uses
assumptions and approximations, e.g. extrapolation of hazard and risk to the
sediment compartment from the pelagic compartment. Because the studies of
toxicity to sediment-organisms are difficult to perform and are only required for
higher tonnage bands, the concept of equilibrium partitioning (EP) is used and this
relies on the hypothesis that the toxic effect concentration attributed to the most
sensitive aquatic invertebrates can also be applied to benthic and terrestrial species
as the pore water concentration. Despite this, the EU ERA method for chemical
substances is considered as a useful tool by regulatory ecotoxicologists and
substances with a RCR less than 1, are generally deemed of low concern for the
environment. However, the EU risk assessment methodology is designed only for
mono-constituents while many chemical substances falling under REACH
regulation are multi-constituents or substances of UVCBs. Should every
constituent be taken into account, and if so, is there a point at which their
influence is limited? Is there a way in which the mixture is treated as a whole
without overloading dossiers with multiple risk assessments? Aquatic toxicity of
mixtures can be experimentally assessed using water-accommodated fractions
(WAF) for partially soluble multi-constituent substances. In a WAF study the
different constituents of the mixture are tested together at several loading rates.
Toxicity is expressed as a single value of loading rate for the whole mixture.
However, a toxicity result derived from a WAF study cannot be directly
transposed to sediment or soil hazard and risk limiting the possibilities of
performing an ERA for other compartments than the aquatic toxicity by the EP
method as is traditionally carried out for single substances. KREATIS recently
developed a calculation method for WAFs which has been supported by numerous
experimental studies and which provides a mechanistic explanation for the WAF
results using a thermodynamic approach. In this presentation, we consider moving
a step further using a complementary blend of the WAF calculation and the Di
Toro method in order to calculate Predicted Environmental Concentration (PEC)
and Predicted No Effect Concentration (PNEC) values that have the same units
(chemical activities) and allow the calculation of RCRs for mixtures in all
environmental compartments. 2. Methodology The methodology proposed is
divided into 3 main steps: hazard (acute and chronic) of the mixture for aquatic
organisms and for benthic organisms has to be determined. exposure is determined
in the aquatic compartments for each constituent using the standard methodology
proposed in the ECHA guidance dedicated to environmental exposure. hazard (as
PNEC) and expsoure (PEC) are converted into Predicted No Effect Activity
(PNEA) and the Predicted Exposure Activity (PEA) of a mixture in the different
compartments to give the RCRs per compartment As an example, an artificial
equimolar mixture was formulated using an equimolar mixture of the 4
constituents. The constituents were selected ranging from slight to high
hydrophobicity to achieve a relatively heterogenous distribution between water
and sediments (such differences are typically observed in essential oils). Acute
and chronic toxicity values to Daphnia magna and Lumbriculus variegatus have
been measured according the OECD guidelines 202,211 and 225. 3. Results and
discussion Experimental tests and calculations were performed to determine the
hazad of the mixture. The results showed that the toxicity (acute and chronic)
obtained with WAF assays is predictable using a calculation method. Moreover,
they showed that extrapolation from pelagic to benthic organisms (as suggested by
Di Toro et al.) is still relevant for mixtures. 4. Conclusion The relevant ERA for
mixtures is feasible by combining an in silico generated whole-substance
approach (based on individual constituents) to determine the toxicity for pelagic
organisms with the EP method to extrapolate effects on benthic organisms. The
exposure is determined in each compartment using the EP method per constituent.
Finally an activity-based approach is proposed to normalise the relationship
between the toxicity and exposure by each constituent in order to determine a
homogenous RCR for mixtures in the aquatic compartment using the same units.
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UVCB fate-directed toxicity testing and risk assessment (UVCB-FATETOX)
P. Mayer, K. Sjgholm, N. Lam Trac, R. Hammershgj, Technical University of
Denmark / Department of Environmental Engineering; P. Leonards, VU
University, Institute for Environmental Studies / Department of Environment and
Health; M. MacLeod, Stockholm University / Department of Environmental
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Science and Analytical Chemistry ACES

UVCBs are substances of unknown or variable composition, complex reaction
products or biological materials. UVCB substances consist of many different
chemical constituents, some which may be unknown. Examples include petroleum
substances, chlorinated paraffin’s (CPs), flavoring agents, essential oils & their
derivatives, natural oils and extractives, and biofuels. Assessing the environmental
and human risks posed by UVCB substances is a challenge currently confronting
chemical industry and regulators. This research project focuses at the toxicity and
bioaccumulation testing of those UVCB constituents that are persistent. The
objectives are (1) to develop approaches for fate-directed ecotoxicity assessment
of UVCBs based on new analytical methods, dosing methods, fate directed
fractionation, toxicity testing and models, (2) to conduct a case study on selected
UVCBs and develop a generic risk assessment strategy for UVCBs and (3) to
cross fertilize and partially align ongoing research activities at three European
research institutes. The first work package focuses at combining state of the art
dosing & analytical techniques with UVCB fate testing and includes (a) Passive
dosing by polymer water partitioning & application to toxicity testing, (b) Aquatic
biodegradation testing at environmental low concentrations coupled to advanced
analytical instruments and (c) Bioaccumulation testing of UVCB mixtures
coupled to Headspace-SPME and purge-and-trap. The second work package
focuses at fate directed ecotoxicity and bioacumulation testing and includes (d) A
literature review on fate-driven toxicity testing, (e) Aquatic toxicity testing with
and without fate directed pre-treatment, (f) Bioaccumulation testing linked to
biodegradation pre-treatment and (g) Linking toxicity to equilibrium
concentrations in polymer and lipid — baseline versus excess toxicity.
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Risk management of inorganic UVCB substances in the metal sector

F. Iaccino, Arche consulting; F. Verdonck, ARCHE; V. VEROUGSTRAETE,
Eurometaux / EHS

A typical metal’s lifecycle is made of a number of extraction and refinement
processes, along which metals can be found in ‘mixture’ with other metals and
mineral constituents embedded in a matrix or in a crystalline structure (e.g. of a
pigment), as part of articles used for recovery or constituents of e.g. slags at the
end of the refining process. These metal-containing materials represent significant
volumes in the European market and an accurate risk assessment is essential to
ensure that any potential environmental and health risk associated with their
production, transport, storage and use is properly managed. Under the REACH
Regulation, these substances are identified as UVCBs or substances of Unknown
or Variable composition, Complex reaction products or Biological materials.
Typically, their uncertaintyis linked to the analytical identification of some
constituents’ speciation (despite the elements in the composition are known and
can be accurately quantified), whereas the variability is revealed by the broad
concentration ranges for various constituents. Since 2013, Eurometaux is working
on the development and implementation of an appropriatemethodology for the
assessment of the inorganic UVCBs in the metals sector, i.e. from substance
identification to risk assessment and risk management measures (RMMs)
designation. The management of the risks posed by these materials, which is the
ultimate goal of the REACH assessment, necessitates the identification of any
possible hazard and assessment of exposure; however, testing eco/toxicity on the
substance itself encounters several limitations considering the variability in the
composition and the difficulty in identifying a set of representative and
conservative samples. A constituents-based approach was therefore developed. In
a nutshell, human health and environmental toxicity is considered to be driven by
the toxicity of the UVCB constituents. To account for the uncertainty and
variability, a precautionary approach is used along the different stages of the risk
assessment by assessing reasonable worst-case speciation concentration. For the
hazard classification, rules defined for the hazard assessment of mixtures under
the UN Globally Harmonised System (GHS) and the EU Classification Labelling
and Packaging (CLP) are applied. The MeClas (www.meclas.eu) web-based tool
is used to ensure transparency in data selection, processing and reporting,
compliant with GHS and CLP requirements. It used for hazard identification and
classification of complex inorganic materials like UVCBs or others, based on the
hazard of their constituents and on higher tier refinements, when e.g.
bioavailability correction are available. Hazard classification for local effects
leads to specific risk management measures. Similarly, the effect assessment for
systemic and environmental effects is based on the specific assessment of the
UVCB individual hazardous constituents, for which the risk assessment is
conducted separately (and REACH registrations already exist) and on their
(possible) combined effect. The exposure, risk assessment and hence selection of
risk management measures is often based on representative measured data of their
constituents, which are integrative of exposure to multiple UVCB substances at an
industrial site. This reduces the level of uncertainty in the assessment and captures
the variability in the composition. Common risk management strategies for the
environment are for emissions to air: (wet) electrostatic precipitators or cyclones
or fabric/bag filter or ceramic/metal mesh filter; for emissions to water: chemical
precipitation or sedimentation or filtration or electrolysis or inverse osmosis or ion
exchange. Emission to waste are low given the high internal or external metal
recovery/recycling in the sector. Common risk management measures for the
occupational exposure are use of fully or partially closed systems, integrated or
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exterior local exhaust ventilation and capture sprays or wet suppression
techniques.
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Panel discussion

Panel composed of Eric Verbruggen (RIVM, Netherlands), Paul Thomas (Kreatis,
France), Philipp Mayer (DTU, Denmark). Interactive discussion on the learnings
and regulatory implementation Summary/conclusions from what has been
presented + set of questions for the panel Wrap up

Micro(Nano)plastic Pollution: Tackling the Plastic Problem by
Identifying Sources, Investigating Fate and Novel
Approaches (lll)
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New sampling strategies for optimised microplastic analysis in surface
waters

U. Braun, BAM- Federal Institute Materials Research and Testing / 5.3 Mechanics
of Polymers; K. Altmann, P. Eisentraut, Bundesanstalt fiir Materialforschung und
-priifung; A. Barthel, C. Bannick, Umweltbundesamt; M. Ricking, UBA
Umweltbundesamt; M. Reiche, Umwelt-Gerite-Technik GmbH

The occurrence of microplastic particles (MP) in nearly every environmental
compartment but especially in water is well documented in an increasing amount
of publications released within the last few years. However, a comprehensive
understanding of MP occurrence, sources and pathways in the environment as
well as effects of MP on the environment are still unclear. Furthermore, the
existing methods are often very time consuming, need high user knowledge and
labour force, which is often not acceptable for a routine monitoring of an action or
legal regulations. The calls for harmonised methods become loud and louder and
promising efforts are made in this area. However, the scientific discussion is often
focused on advantages and disadvantages of detection tools and sample
preparation, less initiative is given to the sampling methods. That is a pity,
because every environmental scientist knows, reliable analytical results depend on
a good sampling method. At first glance, the collection of samples from aqueous
systems seems easy because the sampling process already includes a content of
the MP by means of sieves and filters. However, this filtering of water is often
limited by the development of filter cake on the sieves, consisting of high amounts
of natural particular matter. Hence often a small water volume is filtered, which
will not contain a representative amount of trait carriers. Alternatively, complex
sieves cascades are used which need complex technical equipment. Recently, we
presented a fast thermoanalytical method for the detection of polymer fractions in
water samples. This method, thermo-extraction desorption gas chromatography
mass spectrometry (TED-GC-MS) can analyse MP in water filtrates without
sample preparations within 2-3 hours. Advantageously, rubber particles from tires
besides the MP can be analysed simultaneously. In order to become even faster we
now start to develop new sampling strategies, which should be usable for different
water systems. It is intended to reduce the effort in the field and to elongate times
for integrative sampling to obtain representative result without random effects. In
the present presentation we will show first result using a sedimentation box for
sampling of MP from surface water. Advantages and disadvantages will be
discussed and comparison to data derived from conventional fractionated filtration
will be given.
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Synthesis of metal doped nanoplastics and microplastic fibers and their
utility for investigating plastic fluxes in complex matrices

S. Frehland, R. Kaegi, Eawag - Swiss federal Institute of Aquatic Science and
Technology / Process Engineering; R. Hufenus, Empa Swiss Federal Laboratories
for Materials Science and Technology; D.M. Mitrano, Eawag - Swiss federal
Institute of Aquatic Science and Technology / Process Engineering

Reports on the occurrence of particulate plastics (nano- and microplastic particles
and fibers) in the environment emerge on a weekly basis, but quantitative data are
still limited due to analytical difficulties and inconsistencies of the methods
applied to detect particulate plastics in complex environmental matrices. While
progress is still ongoing to develop analytical methods to measure particulate
plastic in field studies, researchers who study the fate, transport and biological
interactions and effects of nano- and microplastics in bench top or pilot scale
studies can take advantage of an entirely different approach. In this work,

we synthesized a variety of particulate plastics (nanoplastic particles, fibers) with
an embedded inorganic fingerprint (Pd or In; approx. 0.5%

metal/wt) which can be used to detect plastic by common analytical techniques for
metals analysis, such as ICP-MS. This allows us to more quickly

and quantitatively assess plastic in complex matrices than is currently possible wit
h other analytical techniques. To highlight the utility of this approach, here we
used these materials to investigate the fate and transport of particulate plastic in a
pilot-scale WWTP representing the activated sludge process. Triplicate samples
were taken from the mixed liquor and effluent at least twice a week for the entire
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length of the experiment, which lasted five weeks. With a recovery rate of plastics
over 90%, our findings show that over 98% of plastics (both nanoplastic particles
and microplastic fibers) were found in the sludge, with a high correlation between
TSS concentration and plastic concentration. Therefore, these materials will be
removed from the wastewater stream with the sludge. While surveys of municipal
treatment plants have shown similar trends in the magnitude of microplastics
removed, we can now validate the retention of nanoplastics and microplastic
fibers with a more complete mass balance study. With a better understanding of
emissions from WWTP, one could suggest estimated annual loads of particulate
plastics to surface waters or applied to fields with sewage sludge, which could, by
extension, be used as a starting point for fate modelling. Beyond the case study
specifically highlighted here, these metal laden particulate plastics are suitable to
study fate, transport, eco-toxicity and interactions with organisms at trace
concentrations.
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Microplastics in urban stormwaters - designing a method to evaluate
microplastic concentrations in stormwater run-offs

J. Talvitie, Finnish Environment Institute SYKE / Marine Research Center
Urban stormwaters have been suggested to act as a significant pathway for
microplastics (MPs) to the aquatic environment. However, the actual data of MP
concentrations in stormwater run-offs is scarce. In addition, there is no validated
methods to sample, extract and analyse MPs from stormwaters. In this study, a
flow-based high-volume sampling concept that gives event mean concentrations
(EMCs) of MPs for sampled rain events was developed. The sampling concept is
based on flow-based pumping and in-situ filtration. The samples are collected
from the stormwater stream in the stormwater well. First, the V-dam is installed to
the discharge side of the well. This makes the surface level of the stormwater
stream in the well proportional to the flow rate of the stream. To determine the
flow rate in real time (delay < 10 ms) the surface level is followed by using level
transmitter. Programmable Logic Controller (PLC) collects and saves this
information and uses it to control electrical pump with frequency converter. Pump
is used for creating sample flow proportional to the stormwater flow. Also sample
flow is saved to the PLC. This information is then stored to Cloud Server and can
be accessed with PC either real time or later. PC programme and phone app is
developed to follow and control the process. The sampling is performed
repeatedly from one site with well known catchment area. As the quality of the
stormwater is known to fluctuate due to several factors (e.g. land type and use,
intensity and depth of rainfall, antecedent weather conditions), it is necessery to
sample adequate amount of rain events to ensure reliable estimation of the total
microplastic discharge. Enzymatic sample purification processes and automated
FTIR analyses techniques will be applied with modifications for stormwater
samples to gain high quality data.After the sample processing and analyses is
performed, the EMC of MPs as particle account as well as in mass will be
evaluated. After the sampling period (~ 6 months), the site mean concentration
(SMC) of MPs will also be calculated for the catchment area.
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Preparation of small microplastics and nanoplastics: challenges, technical
gaps and environmental relevance

G. Balakrishnan Nair, Le Mans Université / IMMM Le Mans Université; M.
Revel, Catholic University of the West; C. Mouneyrac, Catholic University of the
West / UBL, Mer Molécules Santé; A. Huvet, Ifremer, LEMAR UMR 6539
CNRS/UBO/IRD/Ifremer; I. Paul-Pont, LEMAR UMR 6539 CNRS; P. Soudant,
LEMAR UMR 6539 CNRS/UBO/IRD/Ifremer; £. lagarde, Institute of molecules
and materials of Le Mans / Institute of Materials and Molecules of Le Mans
IMMM UMR CNRS

Model particles of different sizes and nature of polymers are of great interest for
improving knowledge on micro and nanoplastics impacts on organisms and
helping their physical and chemical characterizations in aquatic samples.
However, in the smallest size range (< 10 ym), particles of only a few types of
polymers are currently available, especially commercially. For this reason, most
toxicity tests were reported using PS micro and nanobeads whereas polyethylene
(PE) and polypropylene (PP) fragments are by far the most common in the aquatic
environments. In addition, commercial micro and nanobeads are usually stabilized
using surfactants without knowledge of the additives formulation, which may
modify their interaction pathway with aquatic organisms. So far, only a few
studies reported protocols to prepare model micro and nanoplastics and some of
them present cryomilling as an effective way to obtain reference microplastic
particles. However, in these studies, the so-obtained particles are always in the
range of several hundreds of ym and no study focused on the production of
particles in the range < 100 #m or at the nano size with a standardised size range.
In this work, we investigated the possibility to obtain consistent quantities of
small particles of PE and PP by milling. The obtained results show that cryo-
milling is a fast method to produce microplastics under powder form of all kinds
of polymers with sizes > 50 ym. However, producing consistent quantities of
particles < 50 ym or even smaller (nanoplastics) by this way remains challenging.
We also present all the steps that are necessary to obtain the full characterization
of produced particles. It shows that particles < 50 ym were produced but not
easily extracted from the powders, a liquid extraction becoming necessary. It
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underlines that after milling, the separation of particles in distinct size classes is
also very challenging and the potential presence of particles smaller than expected
has to be thoroughly checked. Overall, the necessity of a deep characterization in
numbers and size of micro and nanoplastics produced by milling appears here
primordial for impact assessment studies on biota. Finally, in this presentation, the
environmental relevence of the particles produced by milling will be discussed
regarding their composition, size, surface chemistry and stability in solution and
species.
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Identification and quantification of microplastic by Raman
microspectroscopy

N.P. Ivleva, P.M. Anger, Technical University of Munich / Chemistry
Department, Chair of Analytical and Water Chemistry; E. von der Esch, Technical
University of Munich / Chemistry Department, Chair of Analytical Chemistry and
Water Chemistry; C. Schwaferts, Technical University of Munich / Chemistry
Departament, Chair of Analytical Chemistry and Water Chemistry; R. Niessner,
Technische Universitit Miinchen / Chemistry Department, Chair of Analytical and
Water Chemistry; M. Elsner, Technical University of Munich / Chemistry
Department, Chair of Analytical and Water Chemistry

The contamination of aquatic environment and food with microplastic (synthetic
polymer particles in a size range of 1 gm — 5 mm) is of increasing scientific and
public concern. However, the degree of contamination remains uncertain — e.g. the
values for environmental samples range from less than one to more than million
items per cubic meter. The contamination of environmental and food samples with
smaller plastic particles (< 1 m) remains unknown. To date, no appropriate
analytical techniques for reliable analysis of submicro- (100 nm — 1 #m) and
nanoplastic (< 100 nm) are available. While microplastic with sizes down to 1 ym
can be both quantified and identified through morphological and chemical
analysis by Raman microspectroscopy, the development of an automated analysis
for smaller particles (down to the nano-range) is still outstanding. In this
presentation, the feasibility of Raman microspectroscopy for the identification and
quantification of (pigmented) microplastic as well as paint particles in
environmental and food samples will be discussed. The focus will be on the
optimization of the technique for automated analysis of plastic in the lower micro-
, submicro- and nano-range, as these particles are of high interest due to their
increased bioavailability and, hence, potential threat to aquatic organisms and
humans.
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Poster spotlight

Fate and Effects of Metals: Advances in Metals Risk
Assessment and Regulatory Guidance (1)
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Contribution of zinc from household and personal care products to
wastewater

O.L. Tran, A. Peters, G. Merrington, wca; R. van Egmond, Unilever; J. Kilgallon,
Unilever / Safety and Environmental Assurance Centre SEAC

Zinc is a naturally occurring essential element which is both required to some
extent by all organisms, but is toxic if present in excess. It is ubiquitous in the
environment and occurs at low concentrations in both drinking water and food, but
is also introduced into the environment by anthropogenic activities. Zinc
compounds are widely used in home and personal care (HPC) products, such as
sunscreens, cosmetics and laundry detergents. These products often leave a
household via the drain and end up in the wastewater system. However, there is an
increasing academic and regulatory interest in ‘down the drain’ chemicals in HPC
products contributing to environmental effects. Wastewater treatment may range
from no wastewater treatment to sophisticated tertiary treatments capable of
specific substance removal. Different treatment conditions can affect the fate and
transformation of zinc in the effluent, where the speciation of zinc is a crucial
determinant of the bioavailability and toxicity to aquatic and terrestrial organisms.
This study considered the importance of different sources of zinc into the
environment via municipal wastewater systems and the contribution from ambient
backgrounds concentrations of zinc in environmental media. The results from a
systematic literature review show that HPC products are likely to make a
relatively limited contribution to overall loadings of zinc to sewage treatment
plants, but a larger proportion of the total effluent zinc concentration in domestic
wastewaters. Ambient background levels of zinc in foods result in significant
quantities of zinc in faeces, accounting for 60 to 70% of the zinc loading in
domestic wastewater and more than 20% of the zinc loading in mixed wastewater
from domestic and industrial premises. Wastewater containing HPC products were
estimated to make up approximately 15% of the domestic wastewater stream, thus
these products are a relatively minor contributor to total zinc loadings in
wastewaters. The output of this work may be useful in the environmental risk
assessment of zinc for HPC products and may be used to inform regulatory
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strategies and priorities for zinc.
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Mercury accumulation in Mediterranean lean fish

J. Grimalt, IDAEA-CSIC / Environmental Chemistry; E. Junqué, IDAEA-CSIC
Mercury is primarily associated with muscle tissue rather than with fat which,
besides oily fish, points to predatory but non-migratory fish species, e.g. lean fish,
for the accumulation of this metal. The present study is devoted to determine the
concentrations of total mercury and methylmercury in a great variety of lean fish
species from the Western Mediterranean Sea and to determine how consumption
of these specimens contribute to the total mercury intake in human populations,
and more specifically children. 607 commercial seafood samples from the
Western Mediterranean Sea were collected (Feb 2014-Nov 2018). Samples from
Egypt and the Atlantic Ocean (Senegal, Mauritania coasts) were also taken for
comparison. Fish species were selected considering the most consumed by the
population. The fish species were grouped in three trophic levels, those feeding on
plankton (first), on small fish and crustaceans (second) and on fish and
cephalopods (third). A considerable number of the analyzed fish species exceeded
the maximum levels proposed by the European legislation, such as dusky grouper
(100% of the examined specimens), common dentex (65%), conger (45%),
common sole (38%), hake (26%) and angler (15%), among others. Representation
of the Hg concentrations vs. weight of each specimen from the third trophic level
showed a significant positive correlation, r = 0.78 (p < 0.01). The average THg
intake due to fish consumption, 0.61 xg/g ww, involved Hg estimated weekly
intakes (EWIs) of 5.7 pg/kg bw for children aged 7-12 years and 4.4 pg/kg bw for
adults when referred to infant and general Spanish population. These values were
higher than the provisional tolerable weekly intakes (PTWIs) for total Hg intake
recommended by FAO/WHO, 4 ug/kg bw [4], 140% and 110%, respectively. In
the worst case scenario, the children and adults were exposed to 47 ug/kg bw and
37 ug/kg bw, which exceded largely the established upper limit, 1200% and
930%, respectively. For MeHg, assuming that 90% of total Hg is in this form, the
EWIs were 5.2 pg/kg bw and 4.0 ug/kg bw for the medium case and 42.5 ug/kg
bw and 33 pg/kg bw for the worst scenario in children and adults, respectively.
The PTWI for MeHg were set to 1.3 pg/kg bw which was lower than the EWIs for
children and adults. Accordingly, the observed EWIs for children and adults were
400% and 310% of the PTWIs for MB and 3300% and 2600% for UB
respectively. These values represented scenarios in which only local fish was
consumed.
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Black pine (Pinus nigra) bark as biomonitors of airborne mercury: sampling
and analytical suggestions for minimising methodological biases

V. Rimondi, University of Florence / Earth Sciences; p. costagliola, University of
Florence / Scienze della Terra; R. Benesperi, Universita di Firenze / Dipartimento
di Biologia; M. Benvenuti, Universita di Firenze / Scienze della Terra; M. Beutel,
University of California, Merced / Civil and Environmental Engineering; A.
Buccianti, Universita di Firenze / Scienze della Terra; L. Chiarantini, Universita di
Firenze / Centro di Microscopia Elettronica e Microanalisi (MEMA); P. Lattanzi,
Istituto di Geoscienze e Georisorse-CNR; P. Parrini, Universita di Firenze /
Scienze della Terra

Tree barks are, in principle, excellent adsorbents of airborne pollutants, including
toxic metals. Despite this, the use of tree barks for environmental monitoring was
not widespread, although growing for air pollution biomonitoring studies. The
skepticism of some researchers is based on: a) the need for a deeper knowledge
into mechanisms of bark interaction with air pollutants, and b) limited data
regarding variability in bark pollutants, both at a single site or between sites,
which complicates the assessment of the actual environmental pressure on a given
area. Concerning b), there is obviously a need for a commonly accepted sampling
procedure to make the results more comparable and, hopefully, more reliable. The
present study aims to outline some factors that may minimize sampling biases in
the analysis of Hg in barks. In this work, barks of Black Pine (Pinus nigra J.F.
Arnold) trees from the Abbadia San Salvatore district (Mt. Amiata region,
Southern Tuscany, Italy) and the underlying soils were sampled in summer 2016.
In this area two industrial activities, past Hg mining and ongoing geothermal
energy production, affect local atmospheric Hg levels. For each site, we collected
one sample of soil and eight bark specimens from a single tree. Barks were
collected at two different heights, 70 and 150 cm, and in the four cardinal
directions for each height. Total Hg in barks varies between 0.1 and 28.8 mg/kg
dw. Almost systematically, the correlation between sample height and cardinal
direction is better for samples picked up at a height of 150 cm with respect to
those at 70 cm. A selected set of bark samples were subjected to a preliminary
leaching test to evaluate the amount of Hg that could be removed by a rainy event.
The results of the test show that the amount of Hg leached is negligible (maximum
Hg concentration in the leach solution ~ 0.1 ug/L). For Pinus nigra species in the
Mt. Amiata region, measured total Hg concentrations are independent of wind
direction. To harmonize results on the employment of tree barks as a
biomonitoring substratum, we suggest that a convenient sampling practice for
Pinus nigra is to collect a 1-2 mm bark slice within the outermost 1.5 cm, at 150
cm from the ground even after a rainy event. Reanalysis of bark after two years
showed a decrease in total Hg ranging from 5-20% of original values. While Hg
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loss from bark sampels was not extreme, data suggests that barks should be
analyzed soon after collection.
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Effects of a sublethal metal mixture of 10%LC50 Cu, Zn and Cd on metal
accumulation and ionoregulation in Cyprinus carpio

G. Castaldo, University of Antwerp / Biology; M. Pillet, University of Antwerp,
Faculty of Sciences / Department of Biology (SPHERE Research Group); L.
Bervoets, R. Blust, G. De Boeck, University of Antwerp / Department of Biology
(SPHERE Research Group)

The aquatic environment is the final sink of waste streams and receives a huge
number of different compounds including metals that can harm the health of
aquatic organisms. Considering that we can not predict the toxicity of a mixture
on the basis of single compounds, the analysis of mixture toxicity is needed to
understand the impact of pollution in an aquatic ecosystem. Even if there are
several studies describing the adverse effects of waterborne metals, it is more
difficult to find information on the effects of trinomial mixtures. Therefore the
main question of the present study is to assess if a mixture of copper, zinc and
cadmium at 10% of their respective LC50 can be considered as safe. In order to
answer this question, common carp were exposed to Cu: 4.8 ug/L; Cd: 2.9 pug/L
and Zn: 206.8 ug/L at 20°C for a period of one week. We looked at fish survival
rate and bioaccumulation, with additional physiological parameters to determine if
there is an effect on ionoregulation and defensive mechanisms such as MT
induction. Our results show a rapid increase in copper and cadmium concentration
in gills and liver after one day of exposure. The accumulation of these metals
showed adverse effect on ion-homeostasis; for example copper led to a sodium
drop in the gills, liver and muscles. The decrease in sodium content affected the
whole body ionoregulation, while a decrease in potassium levels was observed in
in the liver. An increase in the gene expression for H*-ATPase and a decreased
expression of the Na*-channel were observed after one day of exposure. We
hypothesise that this increase in H*-ATPase and the subsequent recovery of the
Na-channel expression rates are an attempt to compensate for the reduced Na*
uptake due to competition between copper and sodium at the uptake site. In
addition a strong stimulation of metallothionein gene expression was reported
during the whole experiment.
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Evaluation of four first tier methods to measure metal(loid) bioaccessibility in
polluted soils

P.A. PELFRENE, LGCgE-ISA, Yncréa Hauts-de-France; B. Le Bot, EHESP /
LERES; C. Waterlot, LGCgE-ISA; P. Glorennec, EHESP; K. Sahmer, F. Douay,
LGCgE-ISA

In the French context of polluted site management, the human health risk
assessment is usually based on the total metal(loid) concentrations in the soil.
Considering that the whole amount of a contaminant is available for organism
after ingestion of soil particles, health risks are often overestimated. Moreover,
this consideration opposes the concepts of bioavailability and bioaccessibility. To
refine exposure and risk assessment, it is recommended to use bioaccessible
concentrations of metal(loid)s. In France, the Unified Bioaccessibility Method
(UBM) is considered as the oral bioaccessibility reference method. However, for
French PSS (Polluted Sites and Soils) managers, this method appears as complex
and time consuming, implies high technical skills and needs numerous chemical
and biological reagents. Thus, a simplification to measure bioaccessibility of
metal(loid)s might be of great interest. The objective of the present study is to
propose a first tier method as a decision-making tool for managing polluted sites.
The suitability of chemical extractions using acetic acid (0.11 M), citric acid (0.11
M), EDTA (0.16 M) and hydrochloric acid (0.65%) was evaluated to mimic the
bioaccessible fraction of As, Cd and Pb in 209 soil samples including all major
French soil types and a wide range of physicochemical parameters and
metal(loid)s’ concentrations. Statistical analyses (i.e. linear correlations) were
established to determine the most relevant single-extraction method(s) capable of
solubilizing As, Cd and Pb in the same concentration as those measured in both
gastric and gastrointestinal phases defined by UBM. Significant relationships were
obtained between As, Cd and Pb extracted in gastric and gastrointestinal phases
and using the single-extraction methods. The results showed that the dilute
hydrochloric acid test could be used as a suitable proxy to assess the gastric
bioaccessibility of As, Cd and Pb in a first tier screening (ease-of-use, fast and
reproducible method; reduction of analytical costs). Note that if these predicted
bioaccessible values indicate that it may be worth to consider bioaccessility in
terms of human exposure, then, in a second tier study, the UBM protocol may be
used.
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Assessment of metal(loid) bioavailability for landsnails and human
bioaccessibility: a new pathway to build bridges between ecotoxicological and
human health risk assessment of contaminated soils

m. louzon, Department of Chrono-Environnement, UMR UFC/CNRS 6249
University of Bourgogne Franche-Comté, 16 Route de Gray, 25000 Besangon;
P.A. PELFRENE, LGCgE-ISA, Yncréa Hauts-de-France; B. Pauget, TESORA; F.
Gimbert, University of Bourgogne Franche-Comté / UMR ChronoEnvironnement;
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N. Crini, University of FrancheComte / Department ChronoEnvironment UMR
UFCCNRS; D. Rieffel, Department of Chrono-Environnement, UMR UFC/CNRS
6249 University of Bourgogne Franche-Comté, 16 Route de Gray, 25000
Besangon,; C. Amiot, University of Franche-Comte / Department Chrono-
Environment - UMR 6249 UFC/CNRS; F. Douay, LGCgE-ISA; A. de Vaufleury,
University of Franche-Comte / Department of Chrono-Environment

In the current context of polluted sites and soils, human health risk assessment
(HHRA) and ecotoxicological risk assessment (ERA) are conducted
independently and mainly based on the measurement of total contaminant
concentrations in soils. Considering that all contaminants in the soil are mobile
and available for organisms, these evaluations are in opposition with the
bioavailability concept where only a fraction of the contaminant is assimilated by
an organism and consequently cause adverse effects. To estimate more accurately
the exposure of organisms to metal(loid)s, some tools exist for human such as oral
bioaccessibility test or for the soil fauna such as bioavailability test for snails;
however until now they have never been combined to look for possible bridges
between HHRA and ERA. Thirty soils contaminated by arsenic, cadmium and
lead were selected to cover a wide range of physico-chemical parameters and soil
contamination levels. An in vitro chemical test of bioaccessibility mimicking the
digestion of metallic elements (ME) (Unified Barge Method or UBM) and an ex
situ biological test assessing the bioavailability of ME to snails were performed.
The results of both methods were analyzed using simple and multiple linear
regressions and were confronted to look for relationships between ERA and
HHRA. For ERA, risk coefficients (RC) associated with bioavailability for snails
were estimated based on accumulated contaminant concentrations and their
inherent toxicity whereas for the HHRA, hazard quotients (QD) based on
contaminant concentration in soils and weighted by the bioaccessibility results
were calculated. Results showed an influence of soil parameters on ME
bioaccumulation by the snail, Cantareus aspersus but not on the bioaccessibility,
possibly due to the high acidic pH in the UBM test (compared to the neutral pH of
the snail digestive tract) that can cause significant desorption of contaminants and
limits the impact of soil parameters such as organic matter. Relationships
established between bioaccumulation and bioaccessibility revealed adjusted R?
between 0.73 and 0.94. In addition, correlations were highlighted by comparing
RC and QD. For the three ME studied, a strong relationship exists between the
ERA and HHRA methodologies. These results provide a basis for future
ecotoxicological and human health risk assessment approaches of polluted sites
and soils for organisms with various physiology and way of exposure.

Antimicrobial Resistance in the Environment

127

Contamination of antibiotic resistance genes in the Pearl River watershed
and representative anthropogenic sources

L. He, South China Normal University; G. Ying, Y. Liu, South China Normal
University / Environmental Research Institute

Antibiotic resistance is a global public health concern. China is the world's largest
producer and consumer of antibiotics. A large number of antibiotics or antibiotic
resistant bacteria/genes (ARGs/ARB) are discharged into rivers via domestic,
hospital, and industrial wastewater. Urban rivers are considered as the sources and
sinks of ARGs/ARB discharged by human activities. The distribution pattern,
environmental pollution load and potential anthropogenic sources of antibiotics
and ARGs in urban receiving water are needed to be explored. To investigate the
impact of urban activities on the spread of antibiotic resistant, this study
investigated the pollution characteristics of ARGs in the Guangzhou section of the
Pearl River watershed. The removal rates of ARGs and antibiotics from typical
anthropogenic sources by wastewater treatment facilities and the discharge load of
ARG and antibiotics into the urban receiving waters were analyzed.
Contamination of ARGs were determined by quantitative PCR. Concentrations of
antibiotics were analysed for the collected samples following our previous
method. Results showed that antibiotics and resistant genes were introduced into
the receiving river directly or indirectly by representative anthropogenic sources
via wastewater discharge. Landfills and livestock farms can effectively remove
antibiotics and resistant genes. Municipal sewage treatment plants, pharmaceutical
factories and hospitals should enhance their removal efficiency of antibiotic and
ARGs from their wastewater. The total amount of antibiotics and ARGs
discharged into the pearl river by the municipal sewage plant was 1.450 kg/year
and 1.2E+21 copies/year, respectively. The pollution of ARGs and antibiotics in
the Guangzhou section of the Pearl River watershed was closely related to urban
anthropogenic activities. This may not only exacerbate the contamination of
common environmental genes in waters, but introduce the undetected and
clinically relevant ARGs into the urban receiving waters as well. This research has
provided indispensable data on the distribution and dissemination of ARGs from
various source in urban receiving waters and on the relationships between
antibiotics and ARGs. These data will be helpful for risk assessment of ARGs and
for government policy making. Future research is warranted to understand the
mechanisms for the dissemination of ARGs/ARB in urban receiving waters.
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Transport of antibiotic resistance exceeds their selection by residual
antibiotics in wastewater-impacted rivers

P.C. Brown, Karlsruhe Institute of Technology (KIT) / Engler Bunte Institut Chair
of Water Chemistry and Water Technology; E. Borowska, R. Peschke, Karlsruhe
Institute of Technology KIT / Engler Bunte Institut Chair of Water Chemistry and
Water Technology; T. Schwartz, Karlsruhe Institute of Technology KIT /
Molecular Biology / Microbiology Department; H. Horn, Karlsruhe Institute of
Technology KIT / Engler Bunte Institut Chair of Water Chemistry and Water
Technology

Wastewater treatment plants (WWTPs) are point sources for both, the release of
antibiotic resistance genes (ARGs) and the discharge of antibiotics (ABs) into the
environment. While it is well established that ARGs emission leads to an ARGs
increase in receiving rivers, the role of sub-inhibitory AB concentrations is also
being discussed. However, the results obtained in this study suggest that, at
environmental concentrations, ABs do not have an effect on resistance selection.
Instead, we emphasize the significance of ARG transport and highlight the
relevance of wastewater particles. In 10 L batch reactors, natural river sediments
were exposed to a mix of ABs (5 ug/L) or wastewater particles (150 mg/L). Over
a period of 2 months, in which ABs were continuously spiked at high
concentrations (100 times above environmental concentrations), ARG abundances
did not change in sediments. However, after addition of wastewater particles (one
single spike), ARGs increased in bulk waters and in sediments by 1 to 5 log units.
Interestingly, within 2 months, ARG abundances did not remain elevated but
instead returned to their initial concentrations. We observed reduction rates of up
to 10'° gene copies per litre per day in bulk waters within the first week after
addition of particles. These losses can only partly explain the high ARG
concentration shifts observed in sediments, hence, strong degradation processes
must be involved. ARG concentration shifts in downstream environments are
probably caused by a continuous import of ARGs from WWTPs. If this import is
removed, concentrations are likely to decrease again.
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A novel method for determining effect concentrations that select for
antimicrobial resistance

A. Murray, I. Stanton, L. Zhang, University of Exeter; J. Snape, AstraZeneca UK
Ltd. / AstraZeneca Global Environment; W. Gaze, University of Exeter / Medical
School

Antimicrobial resistance is one of the most significant threats to modern society.
Use, misuse and overuse of antibiotics clinically and in the community; in
agriculture and in aquaculture results in antibiotics and antibiotic resistant bacteria
being released into the natural environment. Environmental concentrations of
antibiotics are very low (ng/L range), but recent studies have shown that these
concentrations may be sufficient to select for antimicrobial resistance. Currently,
environmental risk assessment of it terms of selection for antimicrobial resistance
is not performed. This is because there is no ecotoxicological assay with selective
endpoints (ie which determine concentrations of antibiotics that select for
antimicrobial resistance). This work uses a previously published, qPCR method
for determining effect concentrations of antibiotics in complex bacterial
communities to validate a novel, rapid growth-based method developed in this
study. Spatiotemporal inocula and culturing condition effects were also explored.
Results show that standard ecotoxicological assays are not always protective
against resistance selection, and selection for antimicrobial resistance could be
occurring in particularly impacted environments. Predicted no effect
concentrations (PNECs) derived using the qPCR and growth-based methods are
highly comparable. Therefore the growth-based method is promising new tool to
enable rapid environmental risk assessment to protect against selection for
antimicrobial resistance.
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Identifying Hotspots of Resistance Selection from Antibiotic Exposure in
Urban Environments around the World

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

To understand the impacts of antibiotics on resistance in the environment and the
subsequent risks to human and animal populations, it is essential to understand the
concentrations of these molecules in the environment. The levels of exposure and
the types of antibiotics will vary significantly in different regions of the World due
to differences in pharmaceutical availability, wastewater treatment connectivity
and infrastructure, regulation and disease pressure. This study was therefore
performed to understand the level of exposure for antibiotic compounds in urban
aquatic environments around the globe in order to identify regions where
environmental exposure to antibiotics could be contributing to the AMR problem.
River water samples were obtained from 517 urban locations in 61 countries and
then analysed for thirteen antibiotics using LC-MS-MS. Mean concentrations of
antibiotics for each river system were compared to predicted no effect
concentrations for resistance proposed in the literature to establish the level of
risk. Data are now available for 31 of the countries with data for the other
countries due by the end of 2018. Highest total antibiotic concentrations (3153
ng/l) were observed in Pakistan with seven of the thirteen compounds being
detected. The most frequently detected compound was ciprofloxacin followed by
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trimethoprim and sulfamethoxazole. Concentrations of antibiotics in 19 of the 31
countries were below PNECregisuance Values indicating that environmental antibiotic
exposure from rivers may not be a great contributor to the AMR problem in these
countries. Rivers in Austria, Belgium, Cyprus, Iraq, Laos, Malaysia, Nigeria,
Pakistan, Portugal, UK, USA had mean concentrations of at least one antibiotic
above the PNEChregisunce indicating that resistance selection is possible in these
regions. The compound of greatest concern was ciprofloxacin which was found to
pose a potential risk in seven of the 31 countries studied so far. Our data analysis
is ongoing to extend the range of countries investigated and to identify the
environmental, technological and socio-economic drivers of exposure to these
molecules as well as areas at risk within each river system.
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The role of wildlife in the environmental dispersal of antimicrobial resistance
in agricultural areas.

N. van den Brink, Wageningen University / Dept of Toxicology; A. Umanetc,
Wageningen University / Department of Microbiology; F. de Boer, Wageningen
University / Natural Resource Ecology and Management; P. van Hooft,
Wageningen University / Dept Natural Resource Sciences; K. Matson,
Wageningen University / Natural Resource Ecology and Management; J. Lahr,
Wageningen Environmental Research / Team Animal Ecology; D. Mevius,
‘Wageningen University Research Centre / Wageningen Bioveterinary Research;
H. Smidt, Wageningen University / Laboratory of Microbiology

Antimicrobial pharmaceuticals are increasingly used in modern society, both for
humans and animals. As a consequence, the prevalence of bacteria exhibiting
resistance to these pharmaceuticals is increasing concomitantly, potentially having
major impacts on the (future) effectiveness of antimicrobial products. A
potentially major source of antimicrobial resistance (AMR) and antimicrobial
resistance genes (ARGs) is related to agricultural practices. However, little is
known about the environmental fate of ARGs, e.g., how they disperse, how long
they persist, and what are the environmental reservoirs. In this presentation, we
will provide details on the role of small wild mammals in the dispersal of ARGs in
The Netherlands. Individuals of five species (white-toothed shrew (Crocidura
russula), wood mouse (Apodemus sylvaticus), bank vole (Myodes glareolus),
house mouse (Mus musculus) and common vole (Microtus arvalis)) were trapped
at farms that differed in their usage of antimicrobial pharmaceuticals. Faecal
samples collected from the trapped individuals were used to quantify the
occurrence of ARGs. Different approaches were followed to identify differences
in ARG prevalence among species and among farms with different agricultural
practices. First, the species-specific microbial composition of faeces was
established using Illumina sequencing of barcoded 16S rRNA gene fragments.
Compared to the other species, white-toothed shrews had a clearly different
microbiota composition. With the shrews excluded, Principal Component
Analyses clearly ordinated the other species; bank vole and wood mouse were
generally most different. Shrews had the highest diversity in their microbiota
profiles; both vole species had the lowest. Differences between farms were less
apparent. These results suggest that differences in the microbiota profiles in small
mammals are related more to difference among species (e.g., diet preferences) and
less to differences between sites. The occurrence of ARGs in the faeces was
analysed with detailed shotgun metagenome sequencing of samples pooled per
species and collection site. This pooling strategy was used to obtain enough
starting material and was feasible because variation in microbiota profiles within
species was much lower than between species. We will present details on the
species specific diversity of ARGs in combination with gene maps and taxonomy
ARG networks, all in relation to agricultural practice.
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Development of a dose-response model for assessing risks from antibiotic
resistant E. coli in agricultural water reuse

S. Chandrasekaran, S. Jiang, University of California, Irvine

Several recent studies have identified antibiotic resistant bacteria (ARB) and
residual antibiotics in the effluent of wastewater treatment plants (WWTPs). This
is especially true of WWTPs that accept effluent from hospitals or pharmaceutical
manufacturers. Moreover, in addition to ARB discharged directly into the
environment, the residual antibiotics in the effluent also exert a selection pressure
and promote the buildup of additional ARB. This scenario is especially
problematic when treated wastewater is used for agricultural irrigation in the effort
towards water reuse. There is a potential for the development of infections that do
not respond to antibiotic treatments. We here develop a dose-response model
taking into account the fraction of antibiotic resistant E. coli in the treated
wastewater in order to understand the magnitude of the threat. In this model, we
assume that in the absence of antibiotics, the ARB does not possess increased
virulence. This means that the same model used for the antibiotic sensitive
bacteria applies for the resistant strain. However, in the presence of antibiotics,
through co-ingestion of residual antibiotics and ARB with water or food, the ARB
will survive and out compete the sensitive strains. Under such scenarios, the
health outcome depends on three factors: the initial bacterial dose of ingestion,
fraction of ARB and the concentration of antibiotic. The key contribution of this
study is a dose-response model founded in stochastic growth kinetics that
accounts for these three factors in determining the health outcome. We
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demonstrate that the new model outperforms the existing dose-response model for
E. coli infection in human trial studies. Predictions of human health outcomes are
also made in the context of residual antibiotic quantities utilizing kinetic data from
in-vitro experiments of the ARB to inform the dose-response model.

Alternative Approaches to Animal Testing for Ecotoxicity
Assessments: Exploring New And Novel Approaches (ll)
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EpiSuite prediction models: suitable for natural toxins?

I. Rodriguez Leal, M. MacLeod, Stockholm University / Department of
Environmental Science and Analytical Chemistry ACES

Screening-level assessment of natural toxins in drinking water in Europe is
needed. Many potentially harmful toxins have been identified, but there is a lack
of experimental measurements of their environmentally relevant partitioning
properties (Bucheli. Environ. Sci. Technol.,2014). QSAR models can be used to
estimate their partitioning, persistence and mobility in the aquatic environment,
but the results should be interpreted carefully. Prediction of physico-chemical
properties of interest are available as model outputs from QSAR models in
EpiSuite. The training set of the models comprise a database of measured
properties of anthropogenic organic pollutants. Natural toxins represent a
completely different set of chemicals and hence, the applicability domain of the
models is not established (Sahigara et al. Mol. Basel Switz.,2012). We extracted
the training sets for the EpiSuite QSARS for biotransformation by fish (kM) and
octanol/water partition coefficient (Log Kow) and calculated the Euclidean
distance (ED) of chemicals from the centroid of the training set chemicals for
chemicals in the training set and over 1500 natural toxins found in Europe. Even
though the majority of the natural toxins lie within two times the average ED of
the training set, comparison with recent experimental values of some of the toxins
reveals an overestimation of Kow for polar molecules, among others. The lack of
correlation would indicate that ED is rather a qualitative measure and cannot be
used to assess the error range. Quantum chemical models, such as COSMO-RS,
may be useful to bridge this discrepancy; they do not need a training set database
because they are based on first principles (Klamt and Schiitirmann. J. Chem. Soc.
Perkin Trans., 1993). Comparison with values obtained by other models are
showed and discussed critically. Keywords: QSAR, natural toxins, applicability
domain, COSMO-RS
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Use of time-weighted average exposure values in the chronic aquatic risk
assessment

M. Wang, WSC Scientific GmbH / Dept Efate Modelling; M. Hamer, Syngenta /
Environmental Safety; A. Samel, FMC Corporation / Environmental Sciences; L.
Weltje, BASF SE / Agricultural Solutions - Global Ecotoxicology; J.R. Wheeler,
Shell International

In the risk assessment for aquatic organisms, by default the maximum exposure
concentration is used. In the chronic aquatic risk assessment for Plant Protection
Products (PPPs) in Europe, the time-weighted average (TWA) exposure may be
used as refinement, when certain conditions are fullfilled. Indeed in some regions
this is the default exposure expression. However, recently the application of
TWA-based exposure values has been challenged in the EU, and instead the more
conservative maximum exposure estimate is favoured. One concern is that effects
may be driven by the magnitude of exposure over the short-term resulting in
effects, which would not occur following equivalent TWA exposure at a lower
level for a duration. For endpoints related to survival, this line of argumentation
perhaps seems intuitively reasonable, that the absolute magnitude of exposure may
be important in determining effects. However, the question arises whether or not
this might also apply to other endpoints, such as growth and reproduction that
typically more relevant to chronic risk assessment. Therefore, we explore the use
of the TWA approach as an exposure refinement and whether it retains
conservatism afforded at lower tier assesments. It was found that longer exposure
at a lower level resulted generally in similar or greater effects than short but
higher exposure. This was for endpoints relating to growth (frond number, fish
length or weight) and production of offspring (no. of neonates/female Daphnia).
Since for sub-lethal endpoints similar or higher effects were estimated at longer
than at shorter exposure durations, it is expected that the use of TWA exposure
estimates will be sufficiently conservative as an exposure measure in the aquatic
chronic risk assessment.

135

EnviroTox Database: Overview and Applications

M.R. Embry, Health and Environmental Sciences Institute (HESI); M.G. Barron,
U.S. Environmental Protection Agency / Gulf Ecology Division; A. Beasley, The
Dow Chemical Company / TERC; S.E. Belanger, Procter & Gamble Company /
Global Product Stewardship; M.A. Bonnell, Environment and Climate Change
Canada / Ecological Assessment Division; J. Brill, Procter & Gamble Company /
Environmental Stewardship and Sustainability; D. Chang, U.S. Environmental
Protection Agency / OCSPP/OPPT/RAD; K.A. Connors, Procter & Gamble
Company / Environmental Stewardship and Sustainability Organization; D. De
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Zwart, Association of Retired Environmental Scientists ARES / Centre for
Sustainability Environment and Health; M. Halder, European Commission Joint
Research Centre / DG Joint Research Centre IHCP EURL ECVAM; S.A. Hughes,
Shell Health - Americas / Shell Health Risk Science Team; A. Kienzler, European.
Commission - Joint Research Centre / Chemical Safety and Alternative Methods;
T.J. Norberg-King, U.S. Environmental Protection Agency / NHEERL/Mid-
Continent Ecology Division; R.R. Otter, Middle Tennessee State University /
Biology; H. Sanderson, Aarhus University / Environmental Science; N. Vallotton,
Dow Europe GmbH / Toxicology Environmental Research and Consulting; P.W.
Wilson, Sanofi U.S., Inc. / Health, Safety and Environment

Flexible, rapid, and predictive approaches that do not require the use of large
numbers of vertebrate test animals are essential, as the chemical universe remains
largely untested. Development of robust new approach methodologies (NAMs)
and non-testing approaches requires the use of existing information via curated,
integrated datasets. A large, diverse dataset was developed from a range of
sources, with harmonization and characterization steps to ensure that the
information could be effectively organized and mined. The resulting EnviroTox
database (www.envirotoxdatabase.org) contains 91,217 aquatic toxicity records
representing 1,563 species, and 4,016 unique chemical CAS#s. Chemical-specific
information is linked to each record and includes physical chemical information,
chemical descriptors, and mode of action classifications. Toxicity data is
associated with the physical chemistry data, mode of action classifications, and
curated taxonomic information for the organisms tested. The EnviroTox platform
also includes three analysis tools: a predicted no effect concentration (PNEC)
calculator, an eco-TTC distribution tool, and a chemical toxicity distribution
(CTD) tool. This presentation will provide an overview of the EnviroTox
Database and examples of how the database and its associated tools can be used to
inform chemical evaluation and alternative method development. The first
example demonstrates how the database and tools can be used in a water quality
criteria and environmental quality standard application for organochlorine and
acetylchlolinesterase pesticides. Records from the EnviroTox database were used
to derive threshold values based on PNEC distributions for several pesticide
classes (AChE inhibitors and organochlorines) and compared with existing
regulatory criteria and discussed. Initial analysis of all records in the database
classified as AChE inhibitors by ASTER (10,135 records for 176 chemicals)
shows a PNEC, os that generally agrees with several of the accepted regulatory
criteria values. A second example explores how the NAMs can be effectively
evaluated against existing acute and chronic data, using compounds classified as
neurotoxic. In this case, 14,657 records on 263 substances classified as having
neurotoxic modes of action (by ASTER) allows comparison of trophic level-
sensitivity. In this case, invertebrates are 2 orders of magnitude more sensitive
than fish and 4 orders of magnitude more sensitive than algae.

136

Predictive Weight of Evidence (pWoE) for Alternative Testing Systems

T. Aldenberg, RIVM; J. Ezendam, National Institute for Public Health and the
Environment RIVM

The use of alternative (non-animal) tests as a proxy for the effect of chemicals on
laboratory animals requires quantitative understanding of what individual test, or
test combination, is sufficiently predictive for the toxicological endpoint at
concern. In general, this problem is one of supervised statistical learning,
supervised because we have a golden standard to quantify predictive success.
Here, we are particularly interested in only a few tests, say 2 or 3, with a binary
(two-valued) outcome, in combination with a binary response. The training sets
involved are limited as well, in the order of 300 or so, often much less (100+). We
have applied logistic regression to model the predictive strength and agreement of
the alternative tests. However, instead of assessing overall goodness-of-fit, we
have developed a predictive measure of Weight of Evidence (pWoE), which is
proportional to the log odds, or log DLR (Diagnostic Likelihood Ratio), of the
logistic regression. Here we take common logarithms, multiplied by 10 to obtain
convenient and interpretable information units (known as deciban). A pWoE
between +1 or —1 is considered as insignificant. Mathematically, pWoE equals the
linear term in the logistic regression, corrected for the imbalance of positives and
negatives in the response. Thus, we can estimate pWoE for each binary test
combination, which is much more interesting than overall predictive fit. With the
aid of bootstrapping, one estimates the uncertainty of pWoE values. Some test
combinations then turn out to be more informative than others, and if test
outcomes are in conflict, we can quantify the pWoE and its uncertainty of such
combinations. For the case of three common tests for human patch skin
sensitization, we show that two, or more, test-minuses always implies a response
minus, but a complementary rule for plusses reveals a mixed response.
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Development of a Bayesian network model for predicting fish acute toxicity
from FET data: a probabilistic weight-of-evidence approach

A. Lillicrap, NIVA / Environmental Toxicology; S.E. Belanger, Procter & Gamble
Company / Global Product Stewardship; K.A. Connors, Procter & Gamble
Company / Environmental Stewardship and Sustainability Organization; .M.
Rawlings, The Procter & Gamble Company / Environmental Stewardship and
Sustainability; R. Wolf, NIVA Norwegian Institute for Water Research; W.G.
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Landis, Western Washington University / Institute of Environmental Toxicology;
J. Moe, Norwegian Institute for Water Research (NIVA) / Section for
Ecotoxicology and Risk Assessment

Reduction of animal testing, wherever possible, is required by legislations such as
the EU Directive 2010/63/EU. Fish Embryo Toxicity (FET- OECD TG236)
testing has been proposed to be an alternative to the juvenile acute fish toxicity
test (AFT- OECD 203). However, FET data are not yet accepted as a replacement
to the AFT test for certain regulatory purposes such as REACH. The European
Chemicals Agency (ECHA) recommended that a weight-of-evidence (WoE)
approach was needed for FET data before it could possibly be used in place of
AFT data. Therefore, a Bayesian network (BN) model has been developed to
incorporate multiple lines of evidence in combination with FET data in order to
predict AFT. Bayesian networks are increasingly being used in ecological risk
assessment because they can integrate large amounts of data and other information
sources to produce discrete probability distributions, and predict the probability of
specified states. The objectives of this study were: 1) To develop and evaluate a
BN model for predicting toxicity of substances to juvenile fish from embryo
toxicity data in combination with other relevant information; 2) To apply the BN
model in a WoE approach which can support replacing juvenile fish toxicity
testing with embryo toxicity testing. \n
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Natural Resources in LCA: Extraction, Processing and
Dissipation of Metals, Minerals and Plastics (Il)
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Presenting the Plastic Leak Project: A pre-competitive initiative to
harmonize plastic metrics

L. Iten, Quantis; A. Ernstoff, Quantis / Quantitative Sustainability Assessment; L.
Peano, C. Dubois, M. Zgola, S. Humbert, Quantis; J. Boucher, Shaping
Environmental Action & University of Applied Sciences and Arts Western
Switzerland

Within the context of circular economy, plastic proves to be a promising material.
However, in order for the material to achieve full circularity, leakages of both
micro- and macroplastics have to be prevented. As the effects of plastic in the
environment on human and environmental health have yet to be examined and for
now remain unknown, the pressure to act quickly is high. A careful and robust
quantification of the loss streams is needed to identify priority areas for
meaningful actions. If this step is ignored, mitigation efforts could be focusing on
minor leaks or worse, lead to unintended consequences on the environment. A
major research gap has been identified as the projects conducted so far
collectively lack of adequate leakage metrics, robust supporting methodologies
and lack of a connection to life cycle thinking.\nQuantis, Environmental Action
along-side stakeholders from both the public and private sector propose the Plastic
Leak Project (PLP). The PLP will define methodological guidelines, deliver
sector-specific default data and conduct case studies. The guidelines to quantify
plastic leakage are suggested as a global reference on the topic, supported by
recognized experts and top international organizations, many of which are already
engaged as advisors and stakeholders. The delivered default data will be split in
three categories: loss rates (e.g. tire abrasion), release rates (e.g. efficiency of
waste water treatment plants) and activity data (plastic waste generation along the
supply chain and country-specific end-of-life/recycling scenarios). The case
studies will serve to test the guidelines and to leverage the work towards the
identification of the hotspots of key area interventions to close the plastic tap. The
assessment and prioritization of these actions will also be put in the a life cycle
context and carbon footprint will also be assessed.\nThe PLP will add unique
value as it connects the marine litter issue with existing environmental
assessments. It thus provides a framework that allows for a holistic approach to
the plastic leakages that allows to close the tap while avoiding the shift of
environmental burdens. The PLP can thus be seen as the compass that leads to a
circular plastics economy.
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Exploring the accountability of marine litter generation at the life cycle
inventory level

E. Sanye-Mengual, S. Nessi, S. Sala, R. Pant, European Commission - Joint
Research Centre / Bioeconomy unit

Marine litter (or debris) is the “waste created by humans that has been discharged
into the coastal or marine environment”. Among marine litter, plastic marine litter
is arising as an important environmental pressure and urgent policy matter due to
its long durability and large presence (60-90% of marine litter). Some authors
have estimated the global generation of macroplastics and microplastics as well as
the potential impacts to the marine environment, biodiversity and human health.
Resulting from the “Medellin Declaration on Marine Litter in Life Cycle
Assessment and Management”, the life cycle assessment (LCA) community is
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putting an effort on developing methods to address marine litter. Plastic marine
litter encompasses macroplastics and microplastics (both primary and secondary),
depending on litter size and origin. Macroplastics and microplastics can be
emitted to the environment at any stage of the life cycle of a product due to direct
or indirect actions, leading to an emission to the marine environment. This
contribution aims at defining a framework to quantify the generation of macro-
and microplastics at the life cycle inventory (LCI) level to set the basis for an
indicator addressing marine litter in LCA. The proposed framework includes two
indicators: Cumulative macroplastics generation (CMaG) (kg) and Cumulative
microplastics generation (CMiG) (kg). CMaG can be estimated by applying
product-specific marine litter rates (MRL) to the mass of each product in the LCI.
Estimated MRLs are being calculated by product type and world region as the
ratio between the amount of product littered (based on beach and marine counts)
and the amount of product consumed. CMiG can be estimated by accounting for
the primary and secondary microplastics generation along the life cycle of
products. The main sources considered in this framework are plastic pellets
(MiG;), tyres (MiGy), marine coatings (MiGy,), road markings (MiG) and
synthetic textiles (MiGy). Bottom-up estimations are based on literature and
adapted to the LCI of products in relation to the mass of products and transported
distance, mainly. Cosmetics and dust were excluded as primary microplastics
sources. This contribution expects to (a) develop a framework to account for
marine litter in LCA at the inventory level and (b) apply it to case studies of
plastic products for its verification. The developed framework is also expected to
be applied at a larger scale, e.g., EU-28 consumption.
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Marine Impacts in LCA (MARILCA): a framework for marine litter life
cycle impact assessment

J. Woods, NTNU The Norwegian University of Science and Technology; A.
Boulay, CIRAIG - Ecole Polytechnique de Montréal / Chemical engineering
department; I. Vazquez-Rowe, Pontifical Catholic University of Peru / Civil
Engineering Environmental Science; R. Geyer, University of California Santa
Barbara / Bren School of Environmental Science and Management; F. Verones,
NTNU / Department of Energy and Process Engineering

Environmental impact pathways from marine litter are not yet covered by life
cycle impact assessment (LCIA) methods, potentially compromising the
robustness of decision-support provided by LCA. For example, replacing all
plastic bottles by glass would indeed reduce marine litter but increase other impact
categories, such as global warming, and comparing these trade-offs is not possible
if those impacts are not included and characterized. Filling this research gap is a
high priority for the LCIA research community, as shown by the recent Medellin
Declaration, which specifically calls for LCIA model development to account for
potential damage caused by marine litter. Here, we present the output from Phase
1 of the MARILCA (Marine Impacts in LCA) working group process; a
framework for developing LCIA models for, and illustrating the different impact
pathways associated with, marine litter. The MARILCA working group operates
under the UN Environment Life Cycle Initiative and with the Forum for
Sustainability through Life Cycle Innovation (FSLCI) as a communication
partner, the overall objectives of which are presented in a complementary poster
presentation. A detailed mapping of possible impact pathways is provided, with
guidance on the most important ones from an inventory perspective. Our
developed framework links the generation of waste with potential damage to three
areas of protection (AoP) namely ecosystem quality, human health and (the
proposed AoP) natural heritage by describing mechanistic steps along impact
pathways. We recommend development of material-, spatially- and size-
differentiated LCIA models including details on fate, exposure and effect
processes. Fate processes include those related to waste management (or
mismanagement), transport in the environment, and material degradation.
Together, the exposure and effect processes describe the potential consequences of
marine litter on humans and ecosystems. The framework is centered on plastic
litter impact pathways and is expandable to cover other materials constituting litter
in the marine environment e.g. metals, glass, organic materials. Overall, we
present the basis for harmonised LCIA model development that can first cover the
predominant impact pathways and step-by-step generate a complete and coherent
damage-level LCIA model for marine litter.
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Development of characterization factors for the assessment of marine litter
impacts in LCA

P. Saling, BASF SE / Sustainability Strategy; L. Gyuzeleva, University of
Freiburg; K. Wittstock, V. Wessolowski, BASF SE; R. Griesshammer, University
of Freiburg

Plastic pollution in our marine environment is taking place on a staggering scale
with up to 12 million tonnes of new plastic waste entering the ocean each year.
The main impacts of plastic debris on marine life are through entanglement or
ingestion often having fatal consequences to individual organisms. Marine litter
has been identified as one of the main drivers of biodiversity loss in marine
environments, but there is still a high degree of uncertainty related to this issue.
There is a growing body of research often focusing on the effects of plastics on
individual marine organisms. Now that some of the effects and risks related to
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marine debris have been identified, it is important that these impacts on the
environment are measured in a systematic and quantitative way. Plastic debris
impacts can successfully be implemented in life cycle assessment (LCA) and be
measured along with other environmental impacts of products and processes.
Today only a limited number of LCA impact categories are related to the marine
environment and there is a general lack of focus on marine environments and
particularly plastic debris. In the present study we assessed the impacts of certain
selected polymers on the marine environment based on a comprehensive literature
review and classified substances into different groups and impact categories.
Based on these results we developed a characterization factor model for potential
embedding into life cycle impact assessment models.
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Plastic waste in water in Ecological scarcity 2103: Development of eco factor
and its relevance in packaging LCA

T. Kégi, G. Roberts, F. Dinkel, Carbotech AG

Based on the publicly available data on the amount of plastic entering the water,
an ecofactor for plastic emission, in water was determined for the Ecological
Scarcity Method 2013 (Frischknecht & Biisser Knopfel. After establishing the
ecofactor, the second step was to determine the average proportion of plastic
packaging or other plastic products that end up in the water based on substance
flow data. With around 800 eco points (UBP) / g of plastic waste in water, the
ecological factor is considerably higher than, for example, the ecological factor for
CO2 (0.46 eco points / g CO2). The application to plastic products shows that
taking this ecofactor into account leads to a significant increase in the
environmental footprint of packaging. This is illustrated on the following
example: If a packaging material (e.g. PET bottle) ist completely disposed of in
water systems (worst case), the plastic waste in water contributes about a hundred
times more to the environmental footprint than all other processes in the life cycle
of the packaging material together. In average, we assume, based on Maier-Borst
u. a., (2018) and Seyler u. a., (2016), that about 0.3% of a packaging material is
disposed of in the environment. Regarding typical packaging materials this
contributes about one forth to more than one third of the environmental footprint
of a packaging material. (More results will be shown in the presentation). While
the current flow and normalization flow is based on relatively reliable data, the
critical flow is currently chosen arbitrarily. However, in the current political
environment, we consider a 50% reduction to be a plausible target. The treshold
value could be even stricter (which means a even higher eco factor). The
introduction of the ecofactor for plastics into water leads to a substantial increase
in the environmental footprint of plastic-based products, as soon as even a few per
mille of them are disposed of into the water. This has a particularly relevant
impact on the conclusions of studies comparing plastic products with other
products to the detriment of plastic products. Many life cycle assessments about
packaging materials are likely to arrive at different conclusions if this factor is
taken into account.
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‘When 'dissipative use' leads to an environmental impact: the case of space
missions related impact on the orbital resource

T. Maury, University of Bordeaux / ISM-CyVi; P. Loubet, CyVi-ISM / ISM
CyVi; A. Gallice, ArianeGoup / Design for Environment; G. Sonnemann,
University of Bordeaux / The Life Cycle Group CyVi

Adopting a purely anthropocentric view, the near-Earth orbits where space
activities take place can be encompassed as a part the ‘Technosphere’. In such
case, orbits can be considered as an asset of natural resources supporting human
activities. Considering the whole life-cycle of a commercial space mission, the
dissipation of the materials occurs in a systematic way after their use phase in
orbit. All the objects launch in space are dissipated in two way: or by staying
‘out’ of the natural environment once they are non-functional or with direct
emissions in the atmosphere caused by the burning during the re-entry stage. In
addition, a dissipation of mineral resources could be identifyed dealing with the
combustion of the solid propellant during the ascending phase of the rocket. The
resource dissipated within the orbital environment leads to a raising sustainability
concern: 29,000 human-made objects larger than 10cm are orbiting the Earth but
only 6% are operational spacecraft. Space debris is today a significant and
constant danger for all space missions. It is worth noting to note that the
current orbital environment is the result of past and present dissipative use of
the aerospace materials spread mainly after the completion of the mission or
after a collision with a debris. In the same way, the future state of the orbital
environment will be directly linked to this dissipation phenomena regarding the
contribution of each new mission scheduled. However, the impact linked to the
resource dissipation is never taken into account in the current environmental LCA
studies which adopt a cradle-to-launch pad approach. Therefore, a focus on the
dissipated resource within the orbital environment seems today particularly
relevant to ensure the sustainability of the outer space activities. Hence, our
challenge is to integrate debris related impacts within the LCIA step to broaden
the scope of LCA for space systems. First, we present a general framework to
integrate the impact of the ‘dissipative use’ on the orbital resource. Then, we
propose a set of Characterisation Factors (CFs) as a way of measuring the impact
of the previous dissipated resource on the system under study. A case study will
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be presented to demonstrate the applicability of the methodology. The assessment
of the potential trade-off occurring in term of environmental impacts on both the
Earth and orbital environment will be discussed, comparing several Post-Mission
Disposal (PMD) scenarios.

Difficult to Test Substances and Wastes: Regulatory Status,
Testing Challenges, Interpretation of Data and Fulfilling
Information Requirements
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Environmental effects of data-poor metals: the example of palladium

J. Mertens, EPMF; M. Eliat, Arche consulting

The Platinum Group Metals (‘PGMs’) are poor in ecotoxicological data, inhibiting
a proper assessment of the ecotoxic potential and risks. Driven by EU REACH,
industry has been generating a basic dataset of acute aquatic toxicity data. For
palladium, effects are observed at low yg Pd/L range. The test data also suggest
varying toxic thresholds depending on the molecular structure of the Pd test
compound. An extensive literature search was performed and all reliable data
were combined in a datamatrix. The published literature only investigated the
ecotoxic response of palladium chloride A testing program was established to
generate ecotoxicity data for Pd compounds with variable coordination structure
and for most critical test species, in order to compare test data for these Pd
compounds and derive a robust set of ecotoxicity threshold values. Algae are
identified as the most sensitive test species to Pd, with EC50 values as low as 3 yg
Pd/L. However, algal EC50 values are up to 10+ times higher for different Pd
compounds, and 100+ fold for fish. PGMs are known to have a strong
coordination behaviour to (in)organic ligands in aquatic media. As such, and in
contradiction to most data-rich metals, the presence of Pd as free Pd**-ion in
solution is very low. By comparing the responses observed for various Pd
compounds, it will be checked if toxicity differs between coordination complexes,
and if there is a general predictor of toxicity. One of the tools that will be used is
the QICAR (Quantitative Ion Character-Activity Relationships) model that is
under development and will be available at the end of 2018. Taking into account
all the above, an appropriate approach will be defined to derive environmental
toxicity threshold values. The learnings from this work will be applied in a next
step to other PGMs like Platinum, Rhodium and Ruthenium.
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Interpretation of algal growth rate data for aquatic classification of rapidly
degrading substances; Zinc pyrithione as a case study.

K. Clark, Lonza AG / Product Safety and Toxicology; S.E. Belanger, Procter &
Gamble Company / Global Product Stewardship

Algal growth rate inhibition at 72 hours, expressed as 72h ErC50s and ErC10s, is
the preferred algal endpoint for aquatic classification according to the CLP
regulation (1272/2008) and OECD 201 is the preferred test guideline. However,
the CLP regulation and OECD 201 are neither well adapted to rapidly degrading
substances nor address the diversity of taxa useful in assessments. The use of 72h
ErCx values based on mean measured concentrations of rapidly degrading
substances can significantly overestimate toxicity. Characterizing acute toxicity of
rapidly degrading substances with a 72h ErC50 can also be inconsistent with the
definition and concept of acute toxicity in the CLP regulation, which is an effect
during a short term exposure relative to lifecycle. The use of shorter study
durations could be a solution for rapidly degrading substances, but the first
validity criterion in OECD 201 relates to biomass increase and may not be
fulfilled in less than 72h, particularly for slower growing taxa than those described
in OECD 201. These points are illustrated with data from a recent study conducted
with zinc pyrithione (ZPT) in the marine diatom, Skeletonema costatum. ZPT is
photolytically unstable and rapidly degraded in algal toxicity studies due to
required lighting conditions. Concentrations dropped rapidly to less than 50% of
initial concentrations by 24h, then continued to decline to about 10% of initial by
72h. The 72h ErC50 based on mean measured concentrations from this study is
less than an initial concentration that caused no discernible growth rate inhibition
at any time point. S. costatum growth in the controls was constant, consistent and
exponential but not reaching 16x increase before 72h. Therefore, according to the
guideline, shorter study durations were not considered valid. Similarly, OECD
201 does not allow for use of nominal concentrations in this case. The conclusion
that the 72h ErC50 is the most relevant for classification in this situation, despite
being lower than an initial concentration showing no effects, is neither reasonable
nor consistent with the principle of acute aquatic toxicity. For rapidly degrading
substances, a better approach to assessing acute and chronic algal inhibition
(toxicity) is needed. Options could include use of nominal concentrations for
toxicity estimates, use of recovery tests to assess algicidal concentrations, shorter
test durations and specific considerations of the taxa under evaluation.
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Determining bioconcentration factors of constituents of essential oils using in-
vivo benchmarked dietary exposure studies

R. Samson, Stockholm University, ACES; C.L. Chen, South China Normal
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University / Environmental Research Institute; M. McLachlan, Stockholm
University / Environmental Science and Analytical Chemistry (ACES); G.
Horlitz, Stockholm University, ACES / ACES; M. MacLeod, Stockholm
University / Department of Environmental Science and Analytical Chemistry
ACES

Persistence (P), potential for bioaccumulation (B) and toxicity (T) are established
criteria for the (regulatory) assessment of chemicals. While PBT testing methods
are standardised for single component chemicals, there is a lack of standard
methods for the assessment of complex mixtures. An example are essential oils -
fragrance materials that are registered as natural complex substances (NCS) under
the European REACH legislation. NCS are widely used, but their potential
environmental hazard is not fully understood. Models predict that many essential
oils are likely toxic for aquatic wildlife and persistent. They are also suspected to
be bioaccumulative, but the available predictions for “B” are scarce and only
“moderately reliable” (ECHA website). A challenge for determining the
bioconcentration factor (BCF) of essential oils is that it cannot be readily
measured using a standard flow-through experiment. The OECD 305 guideline
provides the option to determine the BCF using a measured depuration constant
(kT) from dietary exposure and an estimated uptake rate (k1). However, this
approach has been criticised for the variable quality of k1 estimates based on the
used models - and hence potential limited reliability of the resulting BCFs. To
assure the quality of BCFs from dietary exposure, we used well-characterised
reference chemicals (chlorobenzenes (DiCB, TrCB, PeCB), PCB3, PCB52 and
musk xylene) for which the determined BCF were compared with literature data.
Using our previously reported benchmarking methodology, we determined the
BCF of key components in cedarwood and pine oil as well as the reference
chemicals in a single dietary exposure experiment on rainbow trout. Using
hexachlorobenzene (HCB) as benchmark, the BCFs for the main components of
pine oil, cedarwood oil, and the reference chemicals were between 500 L kg™
(Bornyl Acetate) - 55200 L kg™ (PCB52). The apparent BCF value for HCB was
2244 L kg™ The determined BCF of the reference chemicals were within the same
order of magnitude of reported literature values and resulted in the same
assessments regarding “B”. Using benchmarking, we established a robust method
for the measurement of kTs of NCS in fish with a single dietary exposure, as well
as establish a quality control for the resulting BCFs.
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Biochemical biomarkers opposite effects - characteristics, meaning and
methods for proofing

B K. Hackenberger, D K. Hackenberger, Department f Biology, University of
Osijek / Department of Biology; . Lonnari, Department of Biology, University of
Osijek / Department of Biology

Biochemical biomarkers are widely used as sensitive and early warning signals of
exposure to different kind of pollutants. Some biomarkers or their combinations
are an indicator for the presence of a specific pollutant or group of contaminants
in the environment. Biomonitoring procedures are usually based on the
comparison of measured values of biomarkers in field or exposed organisms with
control/intact organisms or benchmarks. The most common interpretation of
biomonitoring using biochemical biomarkers consists of simple rules based on the
decrease/increase of some enzyme activity or presence/absence of some chemical
compound in test organism. Due to such expectations, the events of the opposite
effects are largely neglected. Within this report, the data contained in recent
literature, as well as the results of our experiments, are compared and presented.
In addition to the usual type of opposite effect (hormetic like effect), there are
some evidence of the existence of so-called double or two-way hormetic like
effect. A significant number of scientific papers with opposite biochemical
biomarker effect measured was found. However, only in a few papers (less than
1%) such results were also described in the text. The results of our experiments
showed that the occurrence of opposite effect is not rare, only in some cases
difficult to prove, mainly as a consequence of an insufficient sample size that
would allow detection of subtle changes in biomarkers. If, at the highest dose of
effectors (that inhibit some system element), organisms are still vital, it is possible
to expect an onset of additional mechanisms able to compensate the inhibited
system element resulting with a specific response curves. On this curve it is
possible to recognize four asymptotes or levels: normal, hormetic, minimal and
compensatory level. The most common opposite effects are hormetic like effects,
while recently double or both-sides hormetic effects are described and proven.
The better knowledge of low-dose toxicology, as well as a knowledge of
phenomena that differ from the generally accepted dose-response models are very
important because opposite effects can also be harmful to organisms. Moreover,
the techniques and methods that could detect and prove the effect in low-dose
range could be used as tools for the detection of early toxic effects. This is
particularly important for the biomonitoring of environmental pollution and for an
environmental risk assessment.
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Evaluation challenge of waste toxicity at oil extraction

E. Kovaleva, M.V. Lomonosov Moscow State University / Department of Soil
Science; M. Guchok, ANO Ecoterra; S. Ledovskikh, Ecoterra Autonomous Non-
Commercial Organization; P. Korolev, Moscow State University / Department of
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Soil Science; V. Terekhova, Lomonosov Moscow State University / Lab of
Ecotoxicological Soil Analysis

Increasing oil extraction activity all over the world, imperfect technologies of oil
production leads to formation of different wastes, containing petroleum
hydrocarbons. Drilling cuttings are one of the oil extraction wastes, consisting of
solid rock material and residuals of drilling fluid. Drilling cuttings could be
landfill or utilize to recultivants. Being contact with environmental components,
drilling cuttings or their composites, could impact the environment and remain
toxic effect for many years. Ecotoxicological tests in combination with chemical
studies could be the most suitable approach to assess the ecotoxicity of oily wastes
and prevent contamination risk. We studied the ecotoxicity of drilling cuttings and
the composites, formed on the base of drilling cuttings, in order to find the safety
admixture and their ratio to return a waste in transformed state into environment.
Five different admixtures and the wastes were tested. Drilling cuttings were mixed
with sand to improve physical characteristics, peat and kieselguhr (diatomaceous
earth) to increase the sorption capacity, phosphogypsum to regulate the acid
medium of the mixture and cement to give mechanical robustness. We applied the
bioassay to assess the toxicity of drilling cuttings and the formed composites. We
evaluated the initial concentration of contaminants in aqueous extracts from
wastes and compositions that may immobilize 50% of crustaceans and
infusorians, but available approaches of bioassay have significant restrictions for
implementation. The tested samples contained high level of water soluble salts (up
to 50 g kg').The eluate and direct phytotoxicity tests were run, using seeds of
mustard (Sinapis alba L.) and oat (4Avena sativa L.). The drilling cutting samples
with TPH content higher than 3.0 g kg™ were toxic, then how the composite
variants with TPH content less than 35 g kg™ stimulated the plant growth
compared with the control. Treatment with kieselguhr and peat allowed sorbing
TPH and tracing metals, that approved a positive effect of chosen ingredients and
their ratio. The water filtrates characterized by neutral pH (7.4), TPH content
between 1.5-3.1 mg L''. We conclude it is the shortage of appropriate approaches
for ecotoxicity assessment of wastes and obtain the solid results. It is highly
demanded to work out new methods to evaluate the toxicity of specific waste
based on their composition, properties, aggregation and natural conditions of zone
they formed.
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UVCB substances: Methodology for substance identification and an endpoint
non-specific selection of computationally generated representative
constituents

S.S. Kutsarova, UniversityProf. Dr. Asen Zlatarov / Laboratory of Mathematical
Chemistry; D. Yordanova, University of Zlatarov / Laboratory of Mathematical
Chemistry; M. Comber, Mike Comber Consulting; C. Hughes, Ricardo Energy &
Environment / Chemical Risk; E. Vaiopoulou, European Petroleum Refiners
Association; S.D. Dimitrov, University of Zlatarov / Laboratory of Mathematical
Chemistry; O. Mekenyan, Prof. Asen Zlatarov University / Laboratory of
Mathematical Chemistry

Keywords: UVCBs, representative sample, hazard assessment, in silico
Substances of unknown or variable composition, complex reaction products and
biological materials (UVCBs) comprise about 40 % of all registered substances
submitted to the European Chemicals Agency. One of the main characteristics of
UVCBs is that they have no unique representation. They are usually described by
generic substance identifiers such as names of chemical classes, structural
formulas, reaction steps, physicochemical properties, or spectral data. Defining an
inambigious structural description aims to complete the following two tasks: to
allow performing of in silico hazard assesment, where structutal information is
essential, and to contribute towards fulfilling the requirements of implementaion
of any chemical related legislation. It has been acknowledged that one of the
obstacles for the explicit structural description of the UVCBs is the large number
of possible structural isomers. A methodology, based on the generic substance
identifiers, is developed to address this issue. The methodology allows for the
coding of constituents, their generation, calculation of important characteristics of
UVCB constituents, and selection of representative constituents. Two main
formats are developed: Generic Simplified Molecular-Input Line-Entry System (G
SMILES) and Generic Graph (G GRAPH). G SMILES is a SMILES-based single
line notation coding fixed and variable structural features of UVCBs. G GRAPH
allows generation of constituents coded in G SMILES, calculation of
physicochemical properties, simulation of reactions, selection of constituents and
their storage in a text file. There are two main types of selection of constituents.
The first one is an end-point driven selection based on ranges of a characteristic
physicochemical property, e.g. logKow values are critical when assessing
bioaccumulation potential. The second approach is a statistical selection of the
minimum number of generated constituents representing a UVCB. This
representative sample is selected in such a way that the structural variability and
the properties of concern of the UVCB are approximated within a predifined
tolerable error. The aim of the statistical selection is to enable the assessment of
UVCB substances by decreasing the number of constituents that need to be
evaluated. The procedure, which is shown to be endpoint independent, was
validated theoretically and on real case studies.

SETAC Europe 29" Annual Meeting - Abstract Book



Your Science or my Science? When the Sides taken on a
Research Topic are Impacted by Different Philosophical
Positions and Values (Il)
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Food contact chemicals and human health: facts and fiction

J. Muncke, Food Packaging Forum Foundation / General Management

Chemicals migrate from all types of food contact articles (FCAs). Which
chemicals migrate and at what levels depends on physico-chemical parameters of
both the FCA and the foodstuff. Over ten thousand chemicals are intentionally
used in the manufacture of FCAs, and many more are present in finished FCAs as
non-intentionally added substances (NIAS). EU regulations require a risk
assessment for each migrating chemical. But for many of the intentionally added
substances (IAS) toxicological data are insufficient, lacking or dated. Many of the
NIAS are unknown which means it is not possible to assess their hazard, exposure
and risk using conventional risk assessment approaches. Indeed, several food
contact chemicals are endocrine disrupters but their hazard characterization is not
routinely performed. And many chemicals migrate simultaneously from a finished
FCA, indicating the need for mixtures risk assessment which is currently not
required. Therefore, novel methods are being used, including computational tools,
in vitro bioassays and in vivo approaches. And an enhanced hazard
characterization would address today’s most prevalent chronic diseases in the
human population, by targeting human health outcomes of concern.
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Food Contact Materials — wishes and reality

T. Gude, Swiss Quality Testing Services

Food contact materials and especially their safety assessment are more and more
of higher interest. This depends on one hand on the changing views to chemicals
in light of the REACH registration and the hereby-linked re-assessment of safety
aspects. On the other hands, it depends on the usage of such materials like in food
contact materials in terms of environmental aspects combined with a very
restrictive view on toxicology and its real impact. Currently every month a new
substance — so far widely used in food contact applications — is in the focus and
linked to potential toxic effects. This creates a lot of rumour in the value chain,
especially in the retailer channel and finally for us, the consumer. Within this, new
publications related to toxic effects, it always is forgotten, that materials like food
contact materials do have a positive impact on food safety and food waste
management. A change of a very effective system cannot be done very shortly, as
a longer development phase is needed. Nevertheless, if compounds with proven
toxic profile are used they need to be replaced. However this must be based not
only on potential toxic effects mainly shown in higher concentrations, it is
mandatory that concentrations migrating from materials in light of a relevant
exposure showing such toxic effects. Currently it can be observed that the
classification of chemicals is mainly based on effects, not on concentration. This
procedure leads to a high pressure on companies to replace proven effective food
contact material systems by unproven new systems — possibly associated with new
problems. A little more patience and a more pragmatic approach might be helpful
to deal with food contact materials. One aspect of a pragmatic approach is not
only focussing on individual compounds, but also considering full food contact
material solutions.
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Risk assessment of food packaging materials: use of data and methodologies
in the scientific assessment

C. Roncancio Pena, EFSA / Food Ingredients & Packaging

In accordance with Regulation (EC) No. 1935/2004 on materials and articles
intended to come into food, the EFSA’s Panel on Food Contact Materials,
Enzymes and Processing Aids (CEP Panel) evaluates the safety of certain
substances prior to their authorisation for use in Food Contact Materials (FCM)
plastics. EFSA provides scientific advice to risk managers, by communicating on
risks to the public and by cooperating with Member States and other parties to
deliver a coherent, trusted food safety system in the EU. EFSA should remain a
forward-looking organisation that possesses the tools to address new and complex
risks. Within this perspective and in order to establish the safety from substances
migrating from FCM, both toxicological data indicating the potential hazard and
the likely human exposure data need to be combined. In case of testing from
migration using food stimulants, the use of mathematical migration models has
developed significantly in recent years. EFSA is also actively identifying and
collecting information regarding new testing strategies that could be applied to the
different sectors of EFSA’s work, including the use of the weight of evidence
approach, evaluation of mixtures and its genotoxicity, publishing guidance
documents, to transparently communicate the principles guiding the risk
assessment and at the same time supporting the applicants/interested parties when
preparing a dossier to be submitted for evaluation.
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Developing Trophic Ecotoxicology to Support Impact
Assessment across Ecosystem Boundaries
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Pathways of pollutant transport across the aquatic terrestrial interface (I)
R. Schulz, University of Koblenz-Landau / Institute for Environmental Sciences;
M. Bundschuh, Institute for Environmental Sciences University of Koblenz-
Landau / Department of Aquatic Sciences and Assessment; M.H. Entling, H.
Jungkunst, E. Kroener, A. Lorke, University of Koblenz-Landau / Institute for
Environmental Sciences; R. Schaefer, G.E. Schaumann, University Koblenz-
Landau / Institute for Environmental Sciences; K. Schwenk, University of
Koblenz-Landau / Institute for Environmental Sciences

The role of freshwater ecosystems as a source of nutrients, energy and pollutants
is a relatively underappreciated research field, compared with the impact of
catchment properties on receiving surface waters. Pollutants may reach the
terrestrial ecosystems, and thus lead there to an exposure, through a biological
pathway, i.e. via emerging insects or aquatic prey consumed by terrestrial
predators. Alternatively, an abiotic pathway exists, and aqueous-phase or particle-
bound pollutants are transported via flood events to the surrounding terrestrial
habitats. Once pollutants reach the terrestrial ecosystem, they may lead to top-
down or bottom-up directed effect cascades in the terrestrial ecosystem/food web,
yet our knowledge on the effects in the terrestrial recipient system is extremely
restricted. In this context, stable isotope analysis is a valuable tool to untangle the
complexity of interactions in the receiving ecosystem supporting an informed
decision making as part of chemical risk assessment or ecosystem management.
This presentation will summarize the state of the art in the field of cross-
ecosystems effects of chemical pollution at the aquatic-terrestrial interface.
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Pathways of pollutant transport across the aquatic terrestrial interface (II)
R. Schulz, University of Koblenz-Landau / Institute for Environmental Sciences;
M. Bundschuh, Institute for Environmental Sciences University of Koblenz-
Landau / Department of Aquatic Sciences and Assessment; M.H. Entling, H.
Jungkunst, E. Kroener, A. Lorke, University of Koblenz-Landau / Institute for
Environmental Sciences; R. Schaefer, G.E. Schaumann, University Koblenz-
Landau / Institute for Environmental Sciences; K. Schwenk, University of
Koblenz-Landau / Institute for Environmental Sciences

The role of freshwater ecosystems as a source of nutrients, energy and pollutants
is a relatively underappreciated research field, compared with the impact of
catchment properties on receiving surface waters. Pollutants may reach the
terrestrial ecosystems, and thus lead there to an exposure, through a biological
pathway, i.e. via emerging insects or aquatic prey consumed by terrestrial
predators. Alternatively, an abiotic pathway exists, and aqueous-phase or particle-
bound pollutants are transported via flood events to the surrounding terrestrial
habitats. Once pollutants reach the terrestrial ecosystem, they may lead to top-
down or bottom-up directed effect cascades in the terrestrial ecosystem/food web,
yet our knowledge on the effects in the terrestrial recipient system is extremely
restricted. In this context, stable isotope analysis is a valuable tool to untangle the
complexity of interactions in the receiving ecosystem supporting an informed
decision making as part of chemical risk assessment or ecosystem management.
This presentation will summarize the state of the art in the field of cross-
ecosystems effects of chemical pollution at the aquatic-terrestrial interface.
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Subcellular metal partitioning in benthic organisms to estimate the
proportion of metal trophically available to wild fish

N. Urien, Institut National de la Recherche Scientifique / Centre Eau Terre
Environnement; H. Sonnenberg, EcoReg Solutions Inc; L.D. Ramilo, Ecological
and Regulatory Solutions Inc. / Environmental Services; P. Campbell, Université
du Québec / INRS Eau Terre Environnement; P. Couture, Institut National de la
Recherche Scientifique / Centre Eau Terre Environnement

In aquatic environments, metals may pose a risk to benthos and to the fish feeding
on them. Previously, it has been shown that subcellular metal partitioning in prey
can influence metal availability for trophic transfer. It is generally understood that
metals found in organelles and cytosol of prey represent trophically available
metals (TAM) to predators, whereas metals associated with the NaOH-resistant
granules and cellular debris fractions pass through the gut for direct excretion. The
aim of this study was to assess trophically available metals (TAM) in white sucker
(Castotomus commersonii) prey for As, Cd, Cu, Se and Zn, using a subcellular
partitioning approach. For that, invertebrates from different functional feeding
groups (Hyalella azteca(HA): shredder; Hexagenia(HE): gatherer;

and Enallagma(EN): predator) were collected in a lake located downstream from a
metal mining discharge (~40% effluent) and in a reference lake. Subcellular
partitioning among “organelles and cytosol” (TAM fraction), “granules” and
“debris” was determined after differential centrifugation, NaOH digestion and
heat-treatment steps. The amount of metal associated with each fraction was
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determined by inductively coupled plasma mass spectrometry. For all metal(loid)s
studied, total concentrations were significantly higher in exposed compared to
reference invertebrates, with the exception of As, Cd, Cu and Zn in EN, for which
no statistical differences were found. Selenium accumulated the most in all
organisms (from 15 to 40-fold), followed by Cd (from 5 to 8-fold). The [Cd] in
the detoxified granule fraction was higher in exposed HA and HE compared to
those observed in reference organisms, whereas [Cd] in the other fractions
remained low and constistent between areas. Contribution from the granules in
exposed HA and HE was dominant (> 80%) and contribution from the TAM was
very low (< 14%).Hence, trophic transfer of Cd via consumption of those
invertebrates is notlikely to occur. In contrast, [Se] were systematically higher in
the “debris” and “organelles and cytosol”. Proportions of Se were similar in
reference and exposed organisms for the three subcellular fractions. Contribution
from the TAM fraction was about 30% for HA, 40% for EN, and 55% for HE.
Given that [Se] were markedly higher in the exposed compared to reference
invertebrates, trophic transfer of Se via consumption of these invertebrates is
likely to occur, and represents a risk of toxicity for fish.
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Implications of trophic variability on modelling bioaccumulation of persistent
organic pollutants in marine Arctic ecosystems

R. Hoondert, Radboud University Nijmegen / Department of Environmental
Science; N. van den Brink, Wageningen University / Dept of Toxicology; M. Van
den Heuvel-Greve, Wageningen IMARES / Marine Coastal Systems; A.M.
Ragas, Radboud University / Department of Environmental Science; J.A.
Hendriks, Radboud University Nijmegen / Department of Environmental Science
The occurrence of persistent organic pollutants (POPs) in the Arctic has been of
constant concern, as they are known to cause adverse effects in organisms at
higher trophic levels, including mortality. Despite the banning of many of these
compounds, high levels of POPs have been reported in Arctic biota, likely due to a
combination of unfavorable chemical properties and northward marine currents.
As the Arctic acts as a chemical sink, this system makes an interesting case for
bioaccumulation studies, hence the growing interest in this topic. Typically,
bioaccumulation of chemicals is evaluated by calculating trophic magnification
factors, based on sampled chemical concentrations, requiring an extensive amount
of empirical research. Consequently, multiple in silico mechanistic methods have
been developed to predict bioaccumulation of hazardous compounds in food
chains, which have been predominately validated for temperate food chains, due
to lack of sampling of biota in Arctic areas and the strong seasonality of
trophodynamics in Arctic systems, mainly driven by fluctuations in light and
temperature, affecting the community composition and therefore prey availability.
The aim of the present study was to obtain a better understanding of how
bioaccumulation models perform when subjected to high trophic variability in
Arctic ecosystems. Data were collected on trophic positions (TPs) of Arctic
species, based on stable nitrogen isotopic values, by an extensive literature search,
together with data on POP concentrations and species- and chemical-specific
parameters. Bioaccumulation of POPs in the present study was calculated using
the OMEGA bioaccumulation model. In each Monte Carlo iteration, trophic levels
were re-binned based on the earlier derived TP probability distributions.
Bioaccumulation could be modelled for three arcas (Canadian Beaufort Sea,
Canadian Archipelago and the Svalbard Archipelago), encompassing a total of 60
compounds. Highest efficiencies/lowest RMSEs were calculated for PBDEs,
PFASs and PCBs, while the model performed less well for PAHs. Although in the
majority of cases, bioaccumulation was slightly underestimated, variability in
trophic position of a species showed to have only minor implications for
bioaccumulation modelling.
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Contaminated sediments effect on aquatic insects - cross boundary transport
of nutrient and contamination

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

Anthropogenic contamination of aquatic environment can affect insectivorous
birds both directly through exposure to contaminants transported by aquatic
insects and indirectly by changing the food availability. In this study we used nine
lakes with different concentrations of lead (Pb) to assess the effect of Pb on
aquatic insect community composition and production and analyzed metal
concentration within emerging aquatic insects to estimate the metal flux from the
aquatic environment. A comparison between metal concentration in insect larvae
and adults was also done to study the effects of metamorphosis on metal exposure
risks. Community composition changed with increased Pb exposure but was only
observed in the benthic community with proportionally more Trichopterans and
less Ephemeroptera when Pb increases. A surprising positive correlation between
Pb concentration and Ephemeroptera and Trichoptera abundance was observed
which indicates that other factors are influencing the insect community. Metal flux
from the aquatic to the terrestrial system by aquatic insects ranged between
65.92_110.8 prg/m?2 during the study period. Metal concentration differed both
between insect orders and between adults and larvae within the same insect order,
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with higher Pb concentrations in larvae and predatory insects. A higher
concentration in larvae shows that metamorphosis influence the exposure risk for
terrestrial insectivores feeding on aquatic insects. The results clearly show that
contaminants in aquatic systems can affect both food availability and exposure
risk for terrestrial organisms.
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Agriculture and mining contamination contribute to a productivity gradient
driving cross-ecosystem associations between stream insects and riparian
arachnids

F.J. Burdon, Swedish University of Agricultural Sciences / Department of Aquatic
Sciences and Assessment

Stream and riparian ecosystems can be strongly connected via the emergence of
aquatic insects, which form an important prey subsidy for a wide range of
terrestrial consumers. However, human perturbations that impact coupled
ecosystems may propagate across habitat boundaries. Here, I explicitly
investigated how stream pollution states influence communities of stream and
riparian invertebrates in 37 forested stream types. Previous research has suggested
that donor-habitat productivity gradients influence resource flows, and I
hypothesised that stream pollution states would strongly contribute to a resource
continuum driving cross-habitat connectivity and community composition.
Streams receiving acid mine drainage (AMD) supported low levels of benthic
insect and riparian arachnid biomass, whereas streams in forest fragments
surrounded by agricultural land-uses seemingly were more productive, with
greater standing crops of stream and riparian invertebrates than AMD or reference
sites. Structural equation modelling confirmed the positive influence of standing
benthic insect biomass on riparian arachnids. Human impacts seemingly also
increased the concordance between invertebrate assemblages, suggesting that
resource flows may affect community structures across habitats. Overall, these
findings highlight how human activities (e.g., mining, agriculture) that influence
stream pollution states may weaken or strengthen aquatic-terrestrial linkages.

Socio-Economic Analysis in Chemicals Regulation and
Policy Making: Current Challenges and the Way Forward
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SEA under REACH: State-of-play and areas for improvement

C. Rheinberger, ECHA / Risk Management Implementation Unit

Socio-economic analysis (SEA) under REACH has matured over the last 5 years
or so and several practices have been improved and aligned with economic theory.
In this presentation, we will present an overview of the current state-of-play of
SEA conducted to support applications for authorisation and restriction proposals.
We will draw on experiences from more than 200 uses applied for authorisation
and about 30 restriction cases to highlight problems, discuss proposed solutions,
and identify areas for further improvements.
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Incentives for truthful reporting in seeking authorisation for using
substances of very high concern

D. Slunge, gothenburg university

In order to attain an authorisation for the use of a substance of very high concern
(SVHC) within REACH, companies need to prove that the benefits of use are
larger than the costs. Due to asymmetric information, it is difficult for the
regulator to know if the information about costs and benefits for continued use of
SVHC:s provided by the companies is correct. Based on a review of the estimated
costs and benefits in 114 socio-economic analyses submitted to ECHA we
examine if there is evidence of untruthful reporting by companies seeking
authorisation. Furthermore, we discuss design options for an authorisation system
providing effective incentives for truthful reporting of costs and benefits. One
option is an ‘SVHC use fee’, being a share of the SVHC substitution costs
reported by companies seeking authorisation.
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Political Economy of Inclusion on the REACH Candidate List of Substances
of Very High Concern

J. Coria, University of Gothenburg / School of Business Economics and Law

The European Union regulation on the registration, evaluation, authorization, and
restriction of chemicals - known as REACH- is intended to improve the protection
of human health and the environment through the better and earlier identification
of the intrinsic properties of the thousands of chemicals commonly used in the
EU. Both the European Chemical Agency and member states can prepare dossiers
proposing substances to be considered for inclusion on the Candidate List of
Substances of Very High Concern. The registry of Intention (ROI) is a public
registry intended to make all interested parties aware of the substances for which a
dossier is intended to be submitted. The Registry of Intentions is divided into three
separate sections including current intentions, submitted dossiers and withdrawn
intentions and submissions. In this study we investigate what types of SVHC are
suggested by different countries, and in particular, how the national production of
the substances and their toxicological properties can affect the countries’ decision
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to submit a dossier. Moreover, we investigate what substances for which a dossier
has been submitted are finally put forward for inclusion on the Candidate List
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Can SEA be a reliable decision-making tool for proper risk management on
chemicals in a safe and circular economy? The metals industry perspective
H. Waeterschoot, Eurometaux

SEA considerations may help in both ex-ante as ex-post evaluations of risk
management measures (RMM) and in assessing the optimality of such measures
under REACH or CLP. On REACH, SEAs build on risk-based information and
the suitability (or not) of alternatives to define the cost effectiveness of different
RMMs. SEAs often need to overcome the lack of comprehensive data by using
defaults and sensitivity assessments to cover for uncertainties. When
communicating the outcome of SEAs for decision-making on the further use of or
constrains on chemicals, the challenge is the often-different perspective of
stakeholders on effectiveness assessments of RMMs. Examples from the metals
sector will show how SEAs on chemicals management can combine different
perspectives and help in effective decision-making to reduce risks during the
substance’s life-stages. Closing the materials loop by recycling and reuse is for
metals and inorganics a critical economic and environmental step toward
sustainability but can be a challenge too. SEA and Analysis of Alternatives
therefore require a wider scope than the manufacturing and use stages. Examples
including case studies will show how such broader frame could be established and
help scientists and regulators identify need, scope and format of an RMM.
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Impact assessment in SEA: A structured review of 24 REACH registration
dossiers

L. Hilber, Agroscope ART / Environmental Analytics

A core component of SEA used in REACH authorisation and restriction processes
is impact assessment. In our study we evaluate twenty-four REACH restriction
dossiers regarding the methodological setup of the impact assessment.
Furthermore, we examine how the outcomes of impact assessment influence the
evaluation of one or several risk management options (RMOs) for restricting the
substance, and the selection of the most preferred option. In addition, we
investigate whether or not the selection of the preferred RMO is objective,
transparent, and comprehensible. Our results show that a comparison of impacts
focuses on selected impacts only (in particular human health and economic
impacts). While this can sometimes be explained by the very specific scope of a
restriction dossier and by lacking data, we also observe a lack of approaches for
assessing environmental, health, social, and distributional impacts from chemicals
use, and we formulate suggestions how this can be overcome.
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SEA experiences from RIVM (The Netherlands)

A. de Blaeij, J K. Verhoeven, National Institute for Public Health and the
Environment RIVM

The presentation elaborates on our experiences and lessons learned with Socio
Economic Analyses (SEA) for hazardous substances under REACH and in other
regulatory contexts. During the previous years, the RIVM, in its role as a
competent authority under REACH and as research institute, has worked
extensively in the field of regulatory toxicology and risk management of
hazardous substances. SEA can be useful for a variety of risk management issues
around substances of concern, both linked to ecotoxicity as human health, and in
various stages in the risk management process. Various research projects have
been conducted within the framework of strengthening the SEA methodology,
such as guidance for the performance of an Environmental Impact Assessment
(EIA), Health Impact Assessment (HIA) and risk governance in SEA. In this
presentation, we will e.g. discuss the importance of problem definition, scenario
definition and scoping in the SEA process and investigate what socio-economic
elements can be considered within SEA in the context of chemical legislation.
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Panel discussion with questions from audience

Criteria and Methods for Identifying Chemicals of Greatest
Concern
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The Origin and Evolution of Assessment Criteria for PBT Chemicals and
POPs

M. Matthies, University of Osnabrueck / Institute of Environmental Research;
K.R. Solomon, University of Guelph / School of Environmental Sciences; M.
Vighi, IMDEA Water Institute / Earth and Environmental Sciences; A. Gilman,
Sustainable Solutions International; J. Tarazona, European Food Safety Authority
/ Pesticides Unit

Public concern over the effects of persistent chemicals began in the early 1960s.
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Since then, significant scientific advances have increased our understanding of
persistent, bioacumulative, and toxic (PBT) chemicals and the properties and
processes that influence their fates in, and adverse effects on, humans and the
environment. In addition to the scientific advances, a number of legal instruments
and agreements for global, international, and national identification and control of
persistent organic pollutants (POP) and PBT chemicals have been adopted.
However, some of the rationales and thoughts that were relied upon when the first
criteria were developed to identify and categorize PBT chemicals and POPs have
not been carried forward. Criteria for identification of PBT chemicals and POPs
have been based upon available data for neutral hydrophobic “reference
chemicals”, derived under laboratory conditions, and consensus-based policy
decisions. Criteria have evolved over the last decades due to the diversification of
the protection aims under various national regulatory frameworks and
international agreements, advances in methods for estimation of physical/chemical
properties, and the identification of chemicals which are non-traditional POPs.
Criteria are not defined purely by science; they also are subject to the aims of
policy. This paper offers a historical perspective on the development of criteria for
PBT chemicals and POPs. It also offers suggestions for rationalization of
protection goals, describes some emerging procedures for identification of
compounds of concern, and proposes information that needs to be considered
when applying criteria to screening and/or evaluation of new chemicals. The
genesis of this presentation stemmed from a perceived lack of a full understanding
in the scientific and regulatory community of the original intentions and scientific
methods available to identify PBT chemicals and POPs. The understanding of the
historical background of the definition of PBT and POP criteria and its
modification due to the aims of policy is of increasing interest for the chemical
risk assessment community. Matthies M, Solomon K, Vighi M, Gilman A,
Tarazona J. The Origin and Evolution of Assessment Criteria for Persistent,
Bioaccumulative and Toxic (PBT) Chemicals and Persistent Organic Pollutants.
Environ Sci:: Processes Impacts 2016,18, 1114-1128.

169

The use of PBT assessment criteria in regulatory environmental risk
evaluations: Challenges and Opportunities using cyclic volatile
methylsiloxanes (cVMS) as a case study

K. Thomas, Global Silicone Council

There is a broad recognition that a risk-based weight-of-evidence (WoE) approach
should be used in the context of a PBT assessment to evaluate the risk of
chemicals, and that single criterion should not be used to make definitive PBT
determinations. Regulatory evaluations in Europe, Canada, and Australia have
assessed the environmental risk associated with cyclic volatile methylsiloxane
(cVMS) compounds. These regulatory risk evaluations provide an opportunity to
highlight key differences in the approaches used to assess the compounds, and to
understand the implications of those differences for the outcomes of the
evaluations.
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Identification of chemicals of potential concern based on structural similarity
P. Wassenaar, National Institute for Public Health and the Environment (RIVM);
E. Rorije, N. Janssen, National Institute for Public Health and the Environment
RIVM; W. Peijnenburg, RIVM / Center for Safety of Substances and Products;
M.G. Vijver, CML Leiden University / Environmental Biology

There is a strong demand for more attention and improved grip on chemicals of
potential concern to address societal discussion on unwanted emissions of
potentially hazardous chemicals. This is acknowledged by the European
Commission (setting out a long-term vision of a non-toxic environment) as well as
by the Dutch Ministry of Infrastructure and Water Management (setting out the
ambition to identify so-called “potential-Substances of Very High Concern™). To
this end, we developed a methodology that allows identification of chemicals of
potential concern based on structural similarity with substances of known concern.
The approach uses the similar property principle, which states that structurally
similar chemicals are likely to have similar properties. The methodology focusses
on substances with Carcinogenic, Mutagenic or Reprotoxic properties (CMR),
Persistent, Bioaccumulative and Toxic or very Persistent and very
Bioaccumulative properties (PBT/vPvB), or Endocrine Disrupting properties
(ED). We analysed the predictive performance of 112 different similarity
measures, consisting of a binary fingerprint and a similarity coefficient, for
identification of chemicals of potential CMR, PBT/vPvB or ED concern. A
dataset of 554 substances with known concerns for CMR, PBT/vPvB or ED
properties was used. In addition, 412 control substances that were known to lack
CMR, PBT/vPvB and ED properties, were selected. The best combination of
fingerprint and similarity coefficient showed a high predictive performance with a
balanced accuracy of 0.82 for CMR, 0.95 for PBT/vPvB and 0.99 for ED. This
methodology will be implemented in a software tool that can be used to assess
whether a new or existing substance, for which no toxicity data is available, is of
potential concern based on structural similarity with chemicals of known concern.
The methodology is specifically developed as a first screening tool, and can for
instance be applied by emission licensing authorities, who are often confronted
with the need to permit emissions for chemicals with limited or even no toxicity
information available. When a chemical is considered to be of potential concern
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based on structural similarity, a more in-depth analysis should be considered.
Furthermore, the developed approach can help in selecting and prioritizing
substances for follow-up within regulatory frameworks and thereby contributes to
enhanced grip on chemicals of potential concern.
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Application of the RAIDAR Model to Aid Chemical Prioritization in Canada
J.A. Amot, ARC Arnot Research & Consulting / Adjunct Professor, Department
of Physical & Environmental Science/Department of Pharmacology and
Toxicology; J.M. Armitage, AES Armitage Environmental Sciences, Inc /
Physical and Environmental Sciences; L. Toose, Liisa Toose Environmental
Research; M.A. Bonnell, Environment and Climate Change Canada / Ecological
Assessment Division

The traditional approach method (TAM) for chemical assessments is to categorize
chemicals using various “bright-line” pass/fail criteria for Persistence,
Bioaccumulation and Toxicity (PBT). However, new approach methods (NAMs)
to screen and prioritize chemicals based on estimates of exposure and potential
risk have recently emerged, an example of which is the Risk Assessment
IDentification And Ranking (RAIDAR) modeling framework. RAIDAR combines
chemical fate and transport at a regional scale with bioaccumulation in aquatic,
terrestrial and agricultural food webs using toxicokinetic models thereby
providing the opportunity for holistic exposure- and risk-based high-throughput
and screening-level assessments. Here we conduct a case study to compare
RAIDAR exposure- and risk-based metrics to PBT classifications for
approximately 10,000 organic chemicals. Chemical property and toxicity data
were compiled from various sources whereas emissions estimates were obtained
primarily from estimated production volumes. Simulated exposures to a range of
ecological receptors were quantitatively compared to toxicity data and expressed
as chemical-specific Risk Assessment Factors (RAFs). The RAFs calculated for
the 10,000 chemicals span approximately 18 orders of magnitude thus providing a
single and relatively simple means for prioritizing the chemicals based on
potential risks to a range of ecological receptors (i.e., aquatic and terrestrial
species). Chemicals classified in this example as “PBT” and “not PBT” show an
overlap of approximately 12 orders of magnitude when compared based on RAFs.
In other words, many chemicals classified as “no concern” using PBT methods
have risk estimates comparable to chemicals classified as “PBTs”. This
comparison indicates the potential for “false negatives” when considering PBT
classifications and the potential for adverse effects to the environment.
Conversely, many chemicals classified in this case example as “”’PBT” have lower
RAFs than many of the “non PBT” chemicals indicating the potential for “false
positives” when seeking to identify chemicals with potential for adverse effects to
the environment. The results also suggest that significant effort and resources can
be spent prioritizing, testing and assessing chemicals that present a lower concern
in the environment (i.e., are likely not true chemicals of concern), primarily due to
a wide margin of exposure.
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Early identification of both chemical and microbial contaminants in the
aquatic environment using scientific literature text mining

J. Hartmann, Dutch National Institute for Public Health and the Environment /
Centre for Sustainability, Environment and Health; I. van Driezum, National
Institute for Public Health and the Environment RIVM / Centre for Sustainability,
Environment and Health (DMG); S. Wuijts, National Institute for Public Health
and the Environment RIVM / Centre for Sustainability, Environment and Health;
B. Venhuis, National Institute for Public Health and the Environment RIVM /
Centre for Health Protection; A. de Roda Husman, National Institute for Public
Health and the Environment RIVM / Centre for Zoonoses and Environmental
Microbiology; J. van der Hoek, Delft University of Technology / Water
Management

Contaminants in the aquatic environment pose a potential threat to ecosystems and
to humans. Humans may be exposed to contaminants in water resources when
used for drinking water production and recreation. Climatological, social and
demographic changes as well as the increasing sensitivity of analytical techniques
result in the augmented detection of contaminants. Thus, effective risk governance
of contaminants in the aquatic environment is and will remain very important in
order to protect human and environmental health. Recent research has shown that
it generally takes about 15 years from the first onset of concern about a
contaminant to the peak of concern and thus regulatory action or mitigation. The
first onset of concern is often a scientific article. We hypothesize that one of the
factors influencing the period of emergence of concern about contaminants is the
fact that the first article about the contaminant is lost in the vast amount of
publications. It is not until more articles are published about the specific
contaminant that the signal is picked up by regulators. In this study, we therefore
propose a methodology using text mining for identifying the first signal of the
detection of a contaminant in the aquatic environment. The proposed methodology
uses scientific literature text mining, which is the automatedtextual analysis of the
combination of title and abstract. The methodology is R-based and consists of five
steps: 1) a search in Scopus, 2) adding abstracts to the retrieved records using R,
3) pattern matching in R to semi-automate the primary study selection, 4) finish
the primary study selection manually, and 5) check the national relevance of the
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identified signals. The search query used was a combination of four concepts that
each included several synonyms. The four concepts of microbiological and
chemical contaminants were contaminant, detection, new, and aquatic
environment. The proposed methodology enables regulators to proactively assess
relevant signals of emerging contaminants in the aquatic environment based on
automated literature research. Next steps involve developing a targeted monitoring
program to analyse water samples for the identified signals relevant for the
environment and population in the Netherlands.
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Poster spotlight

Micro(Nano)plastic Pollution: Tackling the Plastic Problem by
Identifying Sources, Investigating Fate and Novel
Approaches (IV)
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Simplifying Microplastics

M. Kooi, Wageningen University & Research / Aquatic Ecology and Water
Quality Management Group; A. Koelmans, Wageningen University / Aquatic
Ecology and Water Quality Management

Microplastics are perceived as complex. They include particles that are highly
diverse in size, shape and density. Additionally, they consist of mixtures of
polymers and chemical additives, and when exposed in the natural environment,
absorption of chemical contaminants and the formation of biofilms further
enhances their complexity. Many studies now struggle with the complex challenge
that microplastics pose, and focus on small subsets of the microplastic matrix.
Instead of focussing on the complexity and diversity of microplastics, we need to
conceptually simplify microplastics. Microplastics can be seen as one entity, with
a parameter space of probability distributions. A parameter space provides all
combinations of values for all different plastic parameters, or properties, included
in a study. Often, the individual properties are approximated using probability
distributions, which describe how likely it is that a certain property values will
occur. These probability distributions capture the diversity of the different
properties, which for microplastics could include size, shape, density, colour,
chemical composition, biofilm and attachment efficiency. For instance,
microplastic particles vary in size between 100 nm and 5 mm according to most
definitions. However, the majority of studies find that smaller particles are more
abundant than large particles. Therefore, the particle size could be approximated
using a for example a power-law probability distribution which results in a rapid
decrease in particle number with increasing size. As another example,
microplastic densities are often assigned discrete values for different polymers.
However, in reality these densities overlap and form a more continuous
distribution. Particles often contain mixtures of polymers, and once in the natural
environment, biofouling, swelling and weathering could change the density of the
particle. Using probability distributions to describe microplastic properties and
studying the parameter space of these properties will greatly enhance our
understanding of the complex microplastic matrix. The approach can be applied to
exposure measurements, fate modelling, effect studies and ultimately risk
assessments. When studying the risk that microplastics pose, instead of providing
a yes/no answer for small subsets of microplastics, we could provide a
probabilistic risk assessment for microplastic as a whole.
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PET Microplastic of Textile Origin - Size distribution, characterization and
retention in a lab-scale Wastewater Treatment Plant

M. Lykaki, Technische Universitat Dresden / Department of Evironmental
Sciences; Y. Zhang, Dresden University of Technology / UFT Centre for
Environmental Research and Sustainable Technology Department Sustainable
Chemistry; M. Markiewicz, Technische Universitaet Dresden; S. Stolte,
Technische Universitat Dresden

Microplastics (MPs), particles < Smm, are nowadays subject of intense interest
and research due to the enormous annual release of plastics into ecosystems and
their potential threat to human health. Among plastic debris, polyester fibers
originated from synthetic textile shedding have been considered as an important
source of contaminants. Over 40 million tons of polyester fibers alone are
produced per year entering the environment through wastewater effluent. It has
been estimated that a typical wash load of 5 kg polyester fabrics could release
from 7x10° up to more than 6x10° microplastic fibers. The aim of this study is to
understand the occurrence and fate of polyester fibers in dependency of their
length. Therefore, fluorescent-labeled polyethylene terephthalate (PET) textiles
have been washed in a household washing machine and the effluent passed
through a filtration cascade including filters with mesh sizes between 1500 and 5
um. Separated fibers were characterized through visual analysis with fluorescence
microscopy and image analysis software. The different PET size fractions have
further been investigated towards their retention in mechanical, chemical and
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biological stages of Wastewater Treatment Plant (WWTP) on lab-scale. First
results on the quantification of fluorescence-marked PET fibres from washed
polyester textiles demonstrate that the highest release of MP was recorded for two
size fractions, 500-150 pm and 150-50 pm (fractions smaller than 5 pm were not
quantified). Laboratory tests simulating WWTP processes suggest that MP fibres
could be efficiently removed (>80%) from complex matrices such as activated
sludge. Furthermore, it was demonstrated the use of flocculants such as Al(SO4);
facilitated the aggregation and precipitation of fibres. This is the first study
focusing exclusively on the performance of polyethylene terephthalate (PET)
fibers, one of the most common materials used in the apparel industry and
demonstrating that the behavior of textile-origin microplastics in wastewater
treatments may be size and density dependent. The results could provide a better
understanding on the impact of MPs in the environment and suggesting innovative
techniques for possible future monitoring purposes.
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Nanoplastic in a porous media: improbable transportation or realistic
deposition?

A. Pradel, Université de Rennes 1; J. Gigault, University of Rennes 1/
Laboratoire Geosciences

Nanoplastics (NPs), defined as colloids that originate from the unintentional
degradation of plastic, have recently been detected in the North Atlantic Ocean.
As a colloid in aqueous systems, NPs present a continuum in sizes ranging from
Inm to 1xm, associated to asymmetrical shapes and Brownian motion [1]. These
particles could pose specific ecological and health risks. In the life-cycle of a
plastic debris, the terrestrial compartment is the main source and water is the main
vector. So it appears crucial to describe NP transport in soils. Up to now, the large
majority of published results concerning the ecotoxicological impact and
environmental behavior of NPs used engineered plastic nanomaterials
(polystyrene latex spheres) whose properties are significantly different from those
of NPs (ie: monodisperse and spherical) [1]. In this study, we tackle such
approach by describing the fate of different types of nano-sized plastics in a
porous media, in conditions that are unfavorable to attachment (ie: repulsion). Size
standard polystyrene (PS-std) latex spheres and an environmentally-relevant NP
model (PS-m) were used. The parameters discriminating each of these particles
are their average hydrodynamic diameters (200 to 500nm), surface properties
(presence or absence of carboxylate functional groups) and shape (spherical or
asymmetrical), mimicking more or less closely NPs. Their transport and
deposition was evaluated using colloid filtration theory, DLVO theory and
hydrodynamic modeling. Our results show that PS-m are more likely to be trapped
in the porous media compared to the standards used in “nanoplastics”
environmental investigation (PS-std). PS-m also undergo changes in size, unlike
PS-std. The presence of geochemical heterogeneities in the porous media may
increase adsorption of PS-m and carboxylated PS-std. Deposition was mostly
reversible, suggesting that the particles may be remobilized. This study suggests
to reconsider the existing data on the environmental behavior of NPs in porous
media since engineered plastic nanomaterials have limited to no environmental
relevance. 1. Gigault J, Halle A ter, Baudrimont M, et al (2018) Current opinion:
What is a nanoplastic? Environ Pollut 235:1030—-1034.
https://doi.org/10.1016/j.envpol.2018.01.024
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Occurrence of microplastics in commercial table salts and its implication to
environmental fate and human exposure

S.Kim, J. Kim, H. Lee, Incheon National University / Department of Marine
Science; H. Kim, Greenpeace East Asia

Salt intake is of particular concern to human exposure to microplastics (MPs).
Previous studies which have identified MPs in commercial table salts including
sea salt, rock salt, lake salt, and well salt showed a large variaiton in abundance (0
— 40,000 MPs/kg) and different composition profiles of MPs. Significant
differences among studies in MP analysis methods makes it difficult to compare
their results directly, to address the origin of MPs in salts, or to estimate human
exposure. A reliable picture about geogrpahical distributio of MP pollution in
global scale is available just when harmonized and consistetn method is applied.
Recently, we determined the abundance and distribution characteristics of MPs in
39 table salt brands which are sold in supermakerts of 17 countries, including 28
sea salts from 16 countries, 9 rock salts from 8 countries, and 2 lake salts from
two countries. FTIR analysis confirmed that MPs in each salt was not associated
with its packing material. In entire salt samples, MP particles were detected with a
range of 0 — 13,629 MPs/kg: 675+2560 MPs/kg in sea salt, 38+55 MPs/kg in rock
salts, and 245+307 MPs/kg in lake salts. The distributions of polymers, shapes,
and colors of MPs varied among salt types. MPs
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Co-gasification of microplastics and biomass: syngas quality index

A.IL. Ramos, INEGI / INEGI; A.L. Rouboa, University of Pennsylvania / Mechanic
Engineering and Applied Mechanics

Microplastics have been considered one of the most concerning environmental
issues as reported in recent reviews [1-3]. They originate from plastic products
which are utilized and disposed of on a daily basis, supporting bioaccumulation
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effects that reach higher levels in the trophic chain [4-6]. Gasification embodies an
interesting disposal option for plastic waste streams, granting not only
environmental advantages but also the achievement of syngas, a commercial gas
composed of CO, CO, H; and light hydrocarbons which might be utilized to
produce marketable assets [7]. These include electricity, chemical products and
even hydrogen or similar fuels for the transport sector [8, 9], which could even be
used as an alternative to replace fossil fuels [10]. Gasification of plastics has been
studied for the last decades as an attempt to substitute current waste processing
techniques by more sustainable options, simultaneously contributing to this bolder
aim [11, 12]. Several studies report the gasification of plastic debris as a possible
technique to reduce their presence on the environment [13-16], some even
suggesting the conversion of microplastics [17, 18]. Actually, gasification might
portray some difficulties, i.e. problems in the feeding step and the formation of
contaminants if plastic materials are treated alone. Yet, these may be attenuated if
biomass is used as co-fuel [13, 15, 19]. This work aimed to evaluate the syngas
produced from the gasification of different mixtures of PET (polyethylene
terephthalate) microplastics and biomass, namely its quality and possible
utilizations. This was attained through numerical runs with the software ASPEN
Plus, which enabled the optimization of the experimental conditions. This strategy
supports the dual benefit of Waste-to-Energy techniques, reducing the amount of
plastics in the environment as well as sustainably generating commodity assets
that currently rely on fossil fuels. Therefore, mixtures of microplastics and
biomass within a range of 0% PET to 90% PET were assessed and some quality
indicators were calculated. Higher CO and H, yields were seen for higher PET
fractions, which enabled dedicated end-use applications for the achieved syngas.
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Are "bioplastics' a safe alternative to conventional plastics? In vitro toxicity
of extracts from plastic products

L. Zimmermann, Goethe University Frankfurt am Main; C. Vélker, ISOE -
Institute for Social-Ecological Research / Water infrastructure and risk analyses;
M. Wagner, Norwegian University of Science and Technology NTNU /
Bioanalytical Toxicology Group

It is well established that chemicals intentionally or non-intentionally present in
plastics, that is, plastic additives and side products, migrate from consumer
products, thus representing a source of exposure to wildlife and humans. Previous
studies have demonstrated that chemicals in plastic food contact materials (FCMs)
induce toxicity in vitro and in vivo. Bio-based and biodegradable plastics are
considered as a sustainable alternative for their petroleum-based counterparts.
However, data is missing whether they also represent a safer alternative regarding
their chemicals’ toxicity. Thus, our study aims at comparing the toxicological and
chemical profiles of a range of everyday FCMs and their precursors made of bio-
based and/or biodegradable polymers. We extracted 44 products currently
available on the German market made of polyethylene (Bio-PE) and polyethylene
terephthalate (Bio-PET) derived from renewable resources, polybutylene adipate
terephthalate (PBAT) and polybutylene succinate (PBS) derived from fossil fuels
as well as polylactic acid (PLA), polyhydroxyalkanoates (PHA), cellulose,
bamboo- and starch-blends, which are both biobased and biodegradable. We
analysed the in vitro toxicity regarding unspecific (baseline toxicity, oxidative
stress response) and endocrine endpoints (estrogenicitiy and antiandrogenicity).
We characterise the chemical composition by non-target high resolution mass
spectrometry (LC and GC-QTOF-MS). Out of the 26 products analysed so far, all
contained chemicals triggering baseline toxicity. Here, we observed the highest
toxicity for cellulose-based products. While seven extracts activated an oxidative
stress response and five inhibited the androgen receptor, no sample contained
chemicals activating the estrogen receptor. Overall, at least one product of each
material induced at least one endpoint in addition to baseline toxicity. Exceptions
are the PHA and bamboo-based products for which we have analysed one product
only. Our findings indicate that extracts of bio-based and biodegradable plastic
products can induce a range of toxicological endpoints and are not necessarily a
less toxic alternative to petrol-based materials. The ongoing chemical analysis will
reveal their chemical composition and clarify whether the “bio-materials” contain
the same substances as conventional plastics.

Fate and Effects of Metals: Advances in Metals Risk
Assessment and Regulatory Guidance (1)
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Risk management of arsenic inherited from mining activities and World War
I in the agricultural soils of Europe

K. Loukola-Ruskeeniemi, Geological Survey of Finland / Environmental
Geology; I. Miiller, Saxon State Office for Environment, Freiberg / Agriculture
and Geology; H. Daniel, Bureau de recherches géologiques et minieres (BRGM);
R. Keiski, University of Oulu / Environmental and Chemical Engineering; C.
Jones, KEMAKTA; I. Jordan, G.E.O.S. Ingenieurgesellschaft mbH; M. LE
GUEDARD, LEB AQUITAINE TRANSFERT-ADERA / LEB AQUITAINE
TRANSFERT; P. Bhattacharya, KTH royal Institute of Technology / Sustainable
Development, Environmental Science and Engineering; T. Tarvainen, Geological
Survey of Finland / Environmental Geology; J. Kaija, Geological Survey of
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Finland

Arsenic is a toxic and carcinogenic semi-metal. Greater than average As
concentrations may occur naturally in bedrock and soil, but major risks in
agricultural soil are linked with pollution. European geochemical mapping
programmes have revealed that in central and southern Europe, As concentrations
are higher on average than in northern Europe. In 2017, we started the AgriAs
project to investigate the speciation and transformation of As in soil, its uptake by
plants and impact on vegetation. The goal has been to evaluate the risks through
agriculture and provide tools for risk management. Recommendations have been
compiled in close cooperation with authorities and stakeholders. Our study sites,
Verdun in France and Freiberg in Germany, exhibit As contamination in
agricultural soils. Over one billion shells and projectiles were fired in Europe
during World War 1. After the war, over three Mt of abandoned and unexploded
ammunition had to be destroyed in northeast France for safety reasons, among
them a huge amount of As-bearing chemical agents. At many destruction sites,
topsoil contamination is still severe. The results of the AgriAs sampling campaign
in Verdun showed As concentrations from 15 mg/kg in the reference zone to 775
mg/kg in a more contaminated location. Arsenic is phytoavailable and toxic to
plants. After 800 years of mining in the Ore Mountain region in Saxony
(Germany), 288 km? of agricultural soils showvalues exceeding the German action
value of 50 mg/kg As. The centre of historical mining in Freiberg mainly shows
concentrations above 320 mg/kg. Alluvial soils in the floodplains along rivers in
this region have As concentrations from 80 to 320 mg/kg due to drainage water
from mining tunnels and discharged process water and sediments from ore
processing. Risk and recommendations have been communicated by the German
authorities for As-rich soils used for agriculture and gardening as well as
residential areas. The AgriAs project will develop more general recommendations
for the risk management of arsenic in European agroecosystems. These
recommendations will include an overview of sources and pathways of As and a
summary of European legislation with national guideline values.
Recommendations will be developed for site characterization, risk assessment and
risk management including good agricultural practices and water management.
Recommendations for further research and policy development will be finally
summarized.
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Copper toxicity to fish in natural Amazonian water: The influence of
dissolved organic matter

A. Cremazy, University of British Columbia / Department of Biological Sciences;
C.M. Wood, University of British Columbia / Zoology; S. Braz Mota, Instituto
Nacional de Pesquisas da Amazonia - INPA / Laboratdrio de Ecofisiologia e
Evolucdo Molecular- LEEM; K. Brix, EcoTox / Marine Biology and Ecology; R.
Duarte, Sdo Paulo State University UNESP / Institute of Biosciences; S.D. Smith,
Wilfrid Laurier University / Department of Chemistry; A.L. Val, Instituto
Nacional de Pesquisas da Amazonia - INPA / CBIO

Dissolved organic matter (DOM) is known to alter metal bioavailability to aquatic
organisms, by effectively binding them in natural waters. For some metals (e.g.
Cu), this effect is so considerable that it is incorporated into bioavailability-based
models (e.g. Biotic Ligand Model, BLM), used to assess the environmental risk of
metals in various legislations (e.g. EU Water Framework Directive). However,
most of the research on this topic is on temperate regions, while tropical biomes
and fish species have been far less studied. This paucity of data contributes to the
great gap in developing site-specific water quality criteria in these ecologically
important regions. Today, there is a need to better characterize how bioavailability
concepts apply to these unique environments, notably with respects to metal-
DOM-fish interactions. In the present study, we investigated how the DOM of the
Rio Negro (RN), a major tributary of the Amazon river, affects acute Cu toxicity
to a local fish: the cardinal tetra (Paracheirodon axelrodi). There is evidence that
this RN DOM interacts with fish gills, resulting in a positive effect on fish Na
homeostasis, the main target of acute Cu toxicity in freshwater animals. In a
previous study, we suggested that this physiological protection may add to the
extent of protection offered by Cu-DOM complexation, as predicted by the BLM.
The present study aimed at further investigating this potential dual role of the RN
DOM against Cu-induced Na imbalances in fish. We acclimated P. axelrodi to
freshly collected RN water (10 mg L' DOC) and to a DOM-diluted water (1.4 mg
L' DOC) with equal pH (~ 5.7) and major cations concentration (< 40 uM). In
both waters, we first measured 3-h Cu-gill uptake within Cu concentration ranges
of acute toxicity, using the stable isotope Cu®®. We assessed whether gill
accumulation followed the determined free Cu®* concentration in the water, in
accordance with the BLM. Second, we related these Cu-gill bindings with
measured unidirectional Na* fluxes at the gills. For these two experiments, various
DOM pre-acclimation times of 0, 1 and 5 days were tested. Initial findings suggest
that [Cu®'] in the water is a relatively good predictor of Cu-gill binding, which in
turn appears to be a good indicator of Na* ionoregulatory disturbance. These
preliminary results indicate that protection by DOM mainly occurs from Cu
complexation under the tested conditions, in support with a key concept of the
BLM.
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Updating the chronic Copper bioavailability models
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C. Nys, Arche consulting / Laboratory for Environmental Toxicology and Aquatic
Ecology GhEnToxLab unit; P. Van Sprang, Arche consulting; T. Van
Regenmortel, Ghent University; S. Lofts, Centre for Ecology and Hydrology /
Shore Section; K.A. De Schamphelaere, Ghent University / Department of
Applied Ecology and Environmental Biology

The current procedure for deriving bioavailability-based Predicted No-Effect
Concentrations (PNECs) for Cu as outlined in the Cu voluntary risk assessment
report (Cu-VRAR, 2008) is based on bioavailability-normalisation of chronic
toxicity data with chronic Cu bioavailability models for three trophic levels: a
Daphnia magna Biotic Ligand Model (BLM), an algae generalized Bioavailability
Model (gBAM) and a fish BLM. Overall, this work aimed at refining the copper
bioavailability models by reviewing and incorporating recent advances in
speciation modelling and copper toxicity modelling that have emerged over the
past 10 years. Over this period, optimizations of the Cu bioavailability models for
fish and D. magna have been proposed through the use of generalized
bioavailability models. These updated bioavailability models account for other
factors that determine the effect of pH on free metal toxicity besides the
competitive effect of H* at the biotic ligand site, and as such may more accurately
predict the effect of pH on Cu?* toxicity than the BLM. In the current Cu-VRAR
(2008), chronic bioavailability models are used in combination with WHAM V as
geochemical speciation program. However, a more user-friendly version of the
Windermere Humic Aqueous Model (WHAM VII) has become available
meanwhile. Yet, to be able to update the entire chronic Cu bioavailability
normalization procedure to a WHAM VII/gB AM-based approach, a validation of
the algae and D. magna gBAMs in WHAM VIl is still needed. Therefore, we
evaluated in the present study whether chronic Cu gBAMs for algae and D. magna
originally developed in combination with WHAM V can be updated to WHAM
VII without compromising on the predictive capacities of the original models. To
this extent, we first reparametrized the pH slopes (S,u) of the existing algae and
Daphnia magna gBAMs based on WHAM Vll-calculated free Cu®* activity. Next,
it was shown that the newly parametrized WHAM VII-gBAM can be used to
predict chronic dissolved Cu toxicity to several model- and non-model-species
within 2-fold error. Overall, our analysis showed that the updated bioavailability
models for chronic toxicity of copper, based on the gBAM model structure and
incorporating a more recent version of the speciation tool (WHAM VII), can be
used to accurately predict chronic toxicity to both model- and non-model species.
These updated models may be useful for the purposes of environmental hazard
and risk assessment of copper.
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Ecotoxicity of lanthanides to Daphnia magna

D.A. Vignati, CNRS / LIEC UMR7360; C. Cossu-Leguille, B. Sohm, C. Fouque,
LIEC Université de Lorraine CNRS; L. Poirier, Univeristé de Nantes / MMS; C.
Bojic, LIEC CNRS Université de Lorraine; D. Pauly, LIEC Université de
Lorraine CNRS; C. Hissler, LIST Luxembourg Institute of Science and
Technology; J.E. Groenenberg, Wageningen University / sustainable soil
management; L. Giamberini, Université de Lorraine, CNRS UMR 7360 / LIEC,
CNRS

Lanthanides (LNs) are a group of fifteen elements with increasing economical
importance in sectors such as clean energy, military industry and agronomy.
However, the available information on their ecotoxicity still remains quite limited
and only a handful of studies have examined the biological effects of the whole
series of LNs. Understanding the ecotoxicity of the entire LN series is important
because it is not yet clear if biological effects follow a regular pattern along the
series; which may simplify the hazard and risk assessment for this group of
elements in the future. In this contribution, the acute toxicity of the entire series of
LNs to Daphnia magna was evaluated according to the ISO standard 6341 along
with a study of the chemical behaviour of LNs in the ecotoxicological exposure
medium. ECs50 ranged from 6.8 to 30.5 mg/L (0.075-0.18 mM) after 24h and
from 4.3 to 15.7 mg/L (0.04-0.1 mM) after 48h and did not show any clear trend
along the LNs series. Total LNs concentrations measured at t=0 agreed with
nominal values to + 20% with the exception of Nd (156%) and Dy (60%).
Filterable concentrations decreased by 45-95% after 24 h and by 50-98% after 48
h. Total concentrations after 48 hours remained within 25% of initial values for
Nd, Tb, Ho, Tm, Sm and Lu, but decreased by 50% or more for the other
lanthanides. Thermodynamic model calculations (VisualMinteq, ver 3.1) indicate
that precipitation of LNs carbonates can occur at the elemental concentrations
added into the test vessels; in agreement with the experimentally measured
decrease of (filterable) concentrations in the test medium. In such situations,
ECs50 are better expressed using time-weighted mean (TWM) values that allow to
calculate the average concentration to which organisms are exposed over the
entire test duration. Using the TWM approach actually reduces the risks of
underestimating the ecotoxicity of lanthanides to D. magna and hence the
possibility of errors in hazard and risk assessement. ECs50 can also be expressed
based on the modelled concentrations of the free ionic species (Ln**) of each
lanthanide to facilitate intercomparability between tests and laboratory-to-field
extrapolation of standard ecotoxicological results. Care must however be taken in
interpreting combinations of model results (valid for thermodynamic equilibrium
conditions) and dynamic situations in laboratory and field settings.
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QICAR as a tool to address the lack of toxicological data for technology-
critical metals

S. Le Faucheur, Institute F.-A. Forel, University of Geneva / Département F.-A.
Forel des sciences de lenvironnement et de leau; C. Fortin, Institut National de la
Recherche Scientifique / Centre Eau Terre Environnement; J. Mertens, EPMF;
E.J. Van Genderen, International Zinc Association / Associate Director,
Environment & Sustainability; A. Boullemant, RioTinto; P. Campbell, Syngenta /
Environmental Safety; P. Campbell, Université du Québec / INRS Eau Terre
Environnement

The development of new technologies requires the use of metals (Au, In, Ge,
platinum group elements) for which impacts on aquatic ecosystems are poorly
known. Quantitative structure-activity relationships (QSAR) have been used for
many years now to address this issue for newly formulated organic molecules. In
the present study, we developed Quantitative Ion Character Activity Relationships
(QICAR) to predict the toxicity of technology-critical metals (TCM) towards
aquatic organisms based on intrinsic metal characteristics. Twenty-three metal
characteristics (e.g.: molecular weight, atomic radius, electronegativity, ...) were
evaluated as predictors of metal toxicity. Modelled organism responses were the
measured acute ECs values of 12 data-rich metals for algae, daphnids and fish.
Models were constructed with and without species-distinction. Both total
dissolved metal concentrations and the free metal ion activities were used to build
the QICAR. Prior to model development, principal component analyses were used
to highlight autocorrelations among metal characteristics and to reduce the
number of entry variables. Simple and multiple linear regressions (stepwise
approach) were then constructed and examined for their goodness of fit statistics
as well as verified for their linear regression assumptions. Finally, QICAR were
tested by comparing the measured and predicted ECs, values of the TCM. For
QICAR based on the free metal ion activities, linear free energy relationships were
additionally built to estimate the binding constants of the data-poor metals with
HO", CO;*, EDTA and CI when these values were lacking. Among the 15 ‘best’
obtained QICARs (adjusted r? > 0.8), 12 were simple linear regressions with X, ’r
as predictor. This composite parameter (X,, =metal electronegativity; r = metal
ionic radius) is a proxy for the metal’s ability to form covalent bonds with ligands
present in the exposure media and in the test organisms. The toxicity of the TCM
was found to be best predicted by the QICAR models based on the total dissolved
metal concentration rather than those based on the free metal ion activities. This
unexpected result might reflect the fact that the tested data-poor metals form
poly(hydroxo)-complexes in the exposure media, leaving only very low free metal
ion concentrations (< 10°'> M). Future experimenters might want to focus on the
study of the interactions between such complexes and the test organisms.
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Use of AF on HCS for data rich metals, revisiting the evidence !

P. Van Sprang, Arche consulting

Statistical extrapolation in line with the provisions of the WFD-EQS and REACH
guidance, namely the species sensitivity distribution method (SSD), can be used
for the derivation of EQSs for data rich metals such as Cu or Zn. The median
estimate of the HCs is proposed as the basis of the EQS/PNEC. According to the
requirements set out in the regulation, an SSD can only be constructed when data
are plentiful but there may still be some residual uncertainty that needs to be
accounted for in the final EQS/PNEC. For this reason, the HCs is divided by an
additional assessment factor (AF): EQS (or PNEC) = HCs/AF. The choice of the
AF applied to the HCs is dependent on the remaining uncertainty associated with
the assessment. According to the current approach, metals (or substances) with
similar HCs and residual uncertainties need to be protected at different levels
depending on the NOEC ranges, ie. a metal with a narrow range of NOEC request
a higher protection level than a metal with a broader range of NOEC values.
However from a scientific perspective, similar protection levels are deemed to
apply for substances with similar HCs and residual uncertainties. Moreover, the
current approach does not consider the sensitivity (ie. slope) of the SSD as it
derives similar EQS/PNEC for SSD with very different slopes. Therefore, an
alternative approach is proposed to derive safe threshold concentrations for data
rich metals/substances. In this new approach it is proposed to apply the AF
directly on the protection level or PAF (Potentially Affected Fraction) value (ie.
5% according to the regulation) rather than on the concentration derived from the
protection level, ie. the HCs. To assess how this newly proposed approach would
affect the setting of EQS/PNEC values, different real world examples have been
assessed. As an example, the SSD of Zn have been re-evaluated for EQS/PNEC
setting. In the current REACH/WFD methodology, a HCs of 0.0156 mg/L has
been calculated. Considering an additional AF of 2, this is resulting in a
EQS/PNEC of 0.0078 mg/L (Zn RAR, cfr. EC, 2004). However, applying the
newly developed approach on the Zn SSD would result in a EQS/PNEC value of
0.0117 mg/L. Similar findings were observed for Ag, where a EQS/PNEC of 40
ng/L is reported in the REACH dossier, while a EQS/PNEC of 60 ng/L is
calculated from the newly developed approach.

Modelling and Monitoring of Pesticides Fate and Exposure in
a Regulatory Context (I)
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Updates on Surface Water Model Development in China for Higher Tier
Environmental Risk Assessment

Y. Wang, Syngenta Crop Protection; W. Chen, Syngenta Crop Protection Inc.; J.
Zhou, Nanjing Institute of Environmental Sciences, MEP

Here we update the findings from a science collaboration project between Nanjing
Institute of Environmental Science (NIES), China and Syngenta. The aim of the
project is to support the development and evaluation of dry-land surface water
modelling in China for higher tier environmental risk assessment for plant
protection product registrations. Local dry-land field data including soil, weather,
hydrological data, and agronomic practice information have been collected by
NIES for eight sites representative of Chinese agricultural areas. All data were
processed and parameterised in PRAESS taking into consideration a vast database
of scientific literature and in depth knowledge of European and American
environmental risk assessment approaches. Head-to-head comparison between
PRAESS and EU FOCUS surface water model, has given some confidence in the
model performance. Future recommendations for higher tier risk assessments in
China are bridged with a European higher tier case study. In this case study,
exposure profiles derived from FOCUS surface water modelling outputs were
combined with toxicokinetic and toxicodynamic models as a weight of evidence to
demonstrate safe use and maintain registration in Europe. This science
collaboration work has laid a solid foundation for a Tier II surface water model
acceptance for refining product regulatory assessments in China. The European
case study provides a useful and forward-looking framework to further develop
refinement methodologies for ecological risk characterisation in China; thus,
appropriate protection goal and definition settings are essential for ecological risk
assessment.
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A critical reflection on the use of Briggs” equation in pesticides regulation

K. Kuppe, Umweltbundesamt / Plant Protection Product; I. Bonath, Federal
Environment Agency / Section IV 1.3 Pesticides - Fate and Behaviour &
Groundwater Risk Assessment; H. Banning, German Environment Agency UBA /
Plant Protection Products; A. Nehls, German Environment Agency UBA; C.
Pickl, German Environment Agency UBA / Plant Protection Products

Briggs et al. (1982) examined the relation between TSCF and the octan-1-ol water
distribution coefficient logKow based on experimental uptake data for 18
substances. The authors found a bell shaped correlation and derived a respective
equation. This equation was later applied as standard procedure to obtain TSCF
values for groundwater modelling in ppp regulation. Using the substance specific
logKow, TSCF values can be calculated individually. A general TSCF value of
0.5 was derived as the approximate average from this study and was established as
a default TSCF for systemic, non-ionisable substances in groundwater modelling
in ppp regulation. For non-systemic and ionisable substances a default of 0 was
recommended (FOCUS, 2000, p. 94; FOCUS, 2002, p. 38). Since the publication
of the original paper in 1982, more data on plant uptake of chemical substances
has become available. The correlation of the uptake to one single factor, the
logKow, has been queried by several authors, e.g. due to the lacking precision of
single-parameter relationships and the limitation of these relationships to a wide
variety of contaminants and plants species (Bagheri et al., 2019). Trapp and
Pussemier (1991) measured the uptake of carbamates in bean plants and
concluded that the Briggs equation does not fit the data. The authors discussed the
possibility that the difference might have been caused by different lipid contents
of the bean plants and the barley plants used by Briggs. Dettenmaier ez al. (2009)
analyzed 126 TSCF values of 115 substances from various studies and found a
high variability. The relation between logKow and TSCF, as reported by Briggs
(1982), was not confirmed. An even bigger dataset was analyzed by Doucette et
al. (2018). The authors separated neutral from ionisable compounds and linked
them to the empirical relationships described by Briggs (1982) and Dettenmaier et
al. (2009). Compared to the dataset of Dettenmaier ez al. (2009), the scatter is
reduced. However, a clear relationship between the TSCF and the logKow has
also not been established. In our presentation we review and analyze available
data and demonstrate why we conclude that neither the Briggs equation nor the
default of 0.5 are adequate and conservative enough to be used in groundwater
simulation models. Consequently, there is an urge to reject the temporary
regulatory approach to use of TSCF values based on the Briggs equation.
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DEVELOPMENT OF A OECD TEST GUIDELINE TO DETERMINE
PLANT ROOT UPTAKE FOR REGULATORY ENVIRONMENTAL FATE
MODELLING

M. Lamshoeft, Bayer CropScience AG / R&D; K. Kuppe, Umweltbundesamt /
Plant Protection Product

A novel OECD study design is currently under evaluation by a group of experts
from academic, industry and regulatory, which can be used to quantify uptake of
chemicals via the root system of plants. Ten laboratory organizations with
different levels of experience with uptake testing will participate in a round robin
test and study uptake of ['*C]-1,2 4-triazole by oilseed rape and wheat plants. The
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aim is to examine the reproducibility of the results obtained with the proposed
study design and their reliability for regulatory purposes. The study design has
already been tested investigating uptake of different compounds (molecular
weight: 114 to 563 g/mol; log Kow: -1.5 to 2) by wheat, tomato and potato
plants. Furthermore, the design may not be appropriate for volatile compounds,
highly phytotoxic compounds, or quickly degrading compounds. At the moment
the study design has been tested using wheat, potato, tomato and oil seed rape
plants, but is not limited to these. To explore the possible impact of different soil
pH’s, the experiments will be conducted at two pH values: pH 5.5 and pH 7.0.
The The plant uptake factor (PUF) and the transpiration stream concentration
factor (TSCF) will be calculated for the three different incubation periods ending
after t =2, 4 and 6 days according to the following equations that consider the
concentration development over the course of the incubation. The envisaged study
design was explicitly developed to address the need identified by EFSA and was
based on suggestions from the EUregPUF workshop (York, 2013) where
participants from academia, authorities and industry met to establish an up to date
understanding of plant uptake science. Lessons learned from the testing and
continuous exchange with academia and authorities facilitated optimisation of the
study design. Critical issues that were already identified within the OECD process
(e.g. a possible concentration dependence of the uptake or the duration of the
experimental phase) will be investigated and discussed. The current version of the
study design is evaluated during the course of the OECD process to answer the
question if the test design can be considered appropriate to produce reliable data
on plant uptake to be used as input for refined exposure modelling. An explicit
guidance, on how to integrate the requested study design into the regulatory
process is aimed to be developed based on the outcome of the final OECD test
guideline.
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Model comparison of the effects of plant uptake on the environmental fate of
three anonymised pesticide compounds

B.M. Jones, A. Verhoef, University of Reading / Department of Geography and
Environmental Science; C.D. Collins, Reading University / Soil Research Centre
The potential hazards of plant protection products (PPPs) require regulation via
pesticide registration which requires a simulation of their environmental fate.
Within the EU regulatory framework, the working group FOCUS (FOrum for the
Co-ordination of pesticide fate models and their USe) proposed the main
regulatory models to be PEARL, PELMO and MACRO, with PRZM being used
sparingly. A lack of consistency and reproducibility in experimental laboratory
plant uptake factor (PUF) tests has led to low confidence in the ability to
determine a consistent PUF value. Regulatory advice now states that plant uptake
within pesticide fate models should be set to PUF = 0 unless the compound is
known to be systematic, at which a PUF = 0.5 value is supplied. Despite this, only
a small amount of work has been conducted with regards to the effect of plant
uptake on Predicted Environmental Concentration in Groundwater (PECgw). This
study addresses how the outputs of different pesticide fate models depend on
changes in PUF, and what implications this could have for environmental fate
modelling going forward. PEARL and PELMO were selected for this study given
their varied approaches to modelling the soil water balance and dynamics. A
systematic approach was taken to scenario selection, with Eurostat databases
providing crop production and pesticide sales statistics, which were used to rank
the locations and select those appearing highest for both categories. Compounds
were selected to represent a range of mobility and persistence values, therefore, a
range of soil adsorption coefficient (Kowm), half-life (DT50) and PUF values were
used, with all other parameters being kept constant. Both models were run for 26
years, with a daily time step, and a 6-year warm-up period included. Comparisons
of the outputs show that both models behave very differently across locations; this
appears to be particularly true for sandy soil profiles with high irrigation inputs
over the summer. The effect of plant uptake (modelled from O to 1) on PECgw
values in PEARL has a range of 5%-38%. Results from this study show that
agreement between both models is highly dependent on physical soil properties
and this requires further study. Acknowledgements — BBSRC for funding this
project and Syngenta for being a CASE partner.
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Introducing PERSAM v3.0: a tool for predicting environmental
concentrations in soil

L Joris, L. Decorte, S. Van Looy, J. Bronders, VITO

European pesticide authorisation requires risk assessment procedures using
standardised exposure scenarios developed by the European Food Safety
Authority (EFSA). Recently EFSA produced a revised Guidance

Document providing guidance for the exposure assessment of soil organisms to
plant protection products (PPPs) and their transformation products in accordance
with Regulation (EC) No. 1107/20091 of the European Parliament and the
Council. Guidance is provided for all types of concentrations that are potentially
needed for assessing ecotoxicological effects, i.e. the concentration in total soil
and the concentration in pore water, both averaged over various depths and time
windows. The guidance considers both permanent crops and annual crops. The
goal of the exposure assessment is the 90th percentile of the exposure
concentration in the intended area of use in each of the three regulatory
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geographical zones (North, Centre, South) or in a selected EU country. The
recommended exposure assessment procedure consists of four tiers where all tiers
aim to assess the same exposure assessment goal. In higher tiers of the exposure
assessment, crop interception and subsequent dissipation at the crop canopy may
be included. Given the complexity of the calculations and parameter selection in
the different tiers, efficient use in the regulatory process requires the development
of software tools. PERSAM was developed to assist the user in performing
calculations using the analytic model, as described in the guidance document and
the latest release is developed in line with the revised guidance. The software is
able to calculate (i) Tier-1 predicted environmental concentrations (PECs), (ii)
Tier-2 95th-percentile PECs and to (iii) select the grid cell (including the scenario
properties) corresponding to the 95th-percentile PEC as needed for the scenario
development at Tier 3A. PERSAM can also generate a so-called transfer file that
can be read by the numerical models described in the Guidance Document.
PERSAM generates reports intended for regulatory submissions. The concepts of
the calculation procedure will be discussed and the software will be demonstrated
with particular attention for the new features compared to previous versions of the
software.
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Metaldehyde dynamics in a small agricultural catchment

M. Whelan, University of leicester / Geography; A. Ramos, Cranfield University /
Water Sciences; I. Guymer, The University of Sheffield / Civil Engineering; R.
Villa, Cranfield University / Water Sciences; B. Jefferson, Cranfield Univeristy /
Water Sciences

Pesticides make important contributions to modern agriculture but losses from
land to water can present problems for environmental management, particularly in
catchments where surface waters are abstracted for drinking water. In the UK, one
of the most problematic pesticides facing water companies is metaldehyde — the
active substance commonly used in slug pellets, which unusually difficult to
remove via conventional drinking water treatment. A better understanding of
metaldehyde dynamics is often hampered by low sampling frequencies. Here, we
present a study of metaldehyde dynamics in a small (3.9 km?) surface water
catchment in Cambridgeshire, UK using a combination of high frequency in-
stream monitoring and numerical modelling. Discharge was measured
continuously at a Venturi flume. Water samples were collected every eight hours
and analysed for metaldehyde using direct injection LC-MS. A simple conceptual
hydrological and pesticide transport model was employed based on continuous
root zone water balance calculations. Metaldehyde losses are calculated based on
the displacement of a limited fraction of the soil pore water during rainfall events
occurring after application. Metaldehyde pellets were applied in the second week
of August 2014 to an unknown fraction of the catchment. Measured
concentrations in stream water increased markedly in early storm events (to about
9 mg L'"). Thereafter, concentrations “rachet down” in successive events -
responding to rainfall but not to the same levels (i.e. reflecting an effective
exhaustion in soil supply as a consequence of in-field degradation and
dissipation). Insights derived from the application of the model to the study
catchment will be presented.

Fish Model Species in Human and Environmental Toxicology

(1)
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Sex Related Gene Expression Patterns in Zebrafish at Different Ages

A. Zenker, University of Appl. Sc. Northwestern Switzerland / Institute of
Ecopreneurship; M. Gut, University of Appl. Sc. Northwestern Switzerland /
School of Life Sciences

Fish embryos have been used to determine acute toxicity in fish embryo acute
toxicity test (FET) and to measure effects of substances in the early life stage
toxicity test (ELS). In contrast to rodents, one disadvantage to the application of
fish toxicity tests is that gender-based selection of individuals cannot be done
before or after the test. Consequently, the data obtained contains a mixture of male
and female effects. This is important to note as several zebrafish studies showed
gender differences. In contrast to the otherwise well-established gene annotation,
Danio rerio still lack any clearly-defined sex-determining genetic loci. Recent
studies suggest a polygenetic sex determination, where the genes influencing the
sex-determination are distributed throughout the whole genome. In this study gene
expression patterns of nine genes contributing to the sex determination and gonad
differentiation, namely sox9a, sox9b, dmrtl, cypl9ala, cypl9alb, cypl7al,
nr0bl, igf3 and vtgl, were determined by qPCR in zebrafish embryos which had
been treated with beta-oestradiol or testosterone and also in different aged
zebrafish. Although some of the genes showed sex-specific expression (cyp!7al,
vtgl and cypl9ala), no defined expression pattern could be observed to
distinguish sex in neither larval stage nor juvenile zebrafish.
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Map and Model - how to make zebrafish toxicogenomics more predictable
A. Schuettler, Helmholtz centre for environmental research - UFZ / Bioanalytical
Ecotoxicology; R. Altenburger, Helmholtz Center for Environmental Research -
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UFZ / Department Bioanalytical Ecotoxicology; J. Kriiger, Helmholtz Center for
Environmental Research - UFZ; K. Reiche, Fraunhofer Institute for Cell Therapy
and Immunology / Bioinformatics Research Unit Department of Diagnostics; W.
Busch, Helmholtz centre for environmental research - UFZ / Bioanalytical
Ecotoxicology

Toxicogenomic methods using model organisms like the zebrafish are discussed
to provide improved assessment of chemical related hazards or environmental
health. At the same time, toxicogenomic data bear the challenge of comparing and
interpreting highly complex molecular profiles, even when considering only one
exposure condition. The integration of time or concentration dependent
measurements even adds another layer of complexity. In order to improve
comparability between toxicogenomic experiments we developed an experimental
and bioinformatic pipeline to obtain dynamic toxicogenomic fingerprints of
chemicals. We exposed zebrafish embryos (ZFE) to a range of five different
concentrations of the substances diuron, diclofenac, and naproxen, and measured
the transcriptome at five time points. The measured fingerprints were projected to
an universal coordinate system (zebrafish toxicogenomic universe), based on a
self-organizing map of compiled toxicogenomic data from public databases.
Subsequently, we applied regression modeling to get a quantitative description of
the time and concentration dependent responses. The resulting toxicogenomic
fingerprints allow three dimensional inference on the concentration as well as the
time scale to conditions not measured. Furthermore, the toxicogenomic universe
allows to integrate extensive toxicogenomic information. Taken together this
novel approach facilitates comparison between different fingerprints (and different
studies) as well as between the responses of different clusters in one fingerprint.
For our investigated substances we could identify and quantitatively describe the
dynamics of key events in response to the exposures (related to e.g. developmental
delay, stress response and cox inhibition) and discriminate between stage
dependent and exposure dependent events.
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Toxicity and metabolomics exposure studies of zebrafish to PFASs and
alternatives - chemical alternatives assessment approach

P. Leonards, VU University, Institute for Environmental Studies / Department of
Environment and Health; R. Rodrigues, J. Legradi, VU University

Perfluorinated compounds (PFCs) are widely used as surfactants in industrial and
consumer products, commonly as repellants in textiles, fire retardants and food
packaging. However, many PFCs show to be persistent in the environment. In this
study, chronic and acute exposures of PFOA, PFOS and its alternatives PFHxS,
PFBS, GenX, D4, D5 and TMS were assessed. In this study we performed a
chemical alternatives assessment strategy to compare the affected metabolomic
pathways between PFOA, PFOS and the alternatives to assess more human and
environmentally friendly compounds. Chronic and acute exposures of PFOA and
PFOs and its alternatives PFHxS, PFBS, siloxanes (D4, D5 and TMS), and GenX
were assessed using embryo (Danio rerio) to study the mechanism of toxicity and
study if PFHxS, PFBS, and siloxanes are feasable alternatives. Zebrafish embryos
were exposed to PFOA, PFHxS, PFBS, PFOS, GenX, D4, D5 and TMS, and the
swimming activity and locomotor activity were recorded. No significant effects in
mortality, developmental abnormalities, and swimming activity were observed in
the exposed groups of all compounds. gPCR and metabolomic analysis showed
that transcription of the DNA damage gene was significantly up-regulated for
PFOA, PFHxS, PFOS and Genx. Interestingly, the lipid metabolism gene was up-
regulated for PFOS and GenX. In the acute exposure, all compounds significantly
affected phosphatidylcholines (PC) lipids, and PFOA, PFHxS and PFBS affected
phosphatidylethanolamines (PE). In the chronic exposure, PC and PE were also
affected, however, in contrast to the acute exposure, chronic exposure affected the
triacylglycerols (TAG) and sphingomyelins (SM). TAG function as energy
reserve and their metabolism plays a key role in cellular energy balance, lipid
homeostasis, growth, and maintenance. The results showed that exposure to PFCs
and their alternatives induce changes in lipid metabolism, mainly the
glycerophospholipids pathway. The zebrafish embryo test showed to be a suitable
assay for testing the toxicity and mode of action of environmental toxicants. Based
on the results of this study, alterations in lipid metabolism (glycerophospholipids)
is a metabolic pathway affected by both PFASs and their alternatives. The
alternatives D4, DS and TMS appears to have a lower impact on metabolic
pathways (e.g. lipids) than PFOA.
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Differences in POPs, transcriptome and proteome of wild and hatchery-
reared Baltic Salmons

M. Kanerva, T.M. Nguyen, Ehime University / CMES; T. Kunisue, Ehime
University / Center for Marine Environmental Studies; K.A. Vuori, University of
Turku / Department of Biology; H. Iwata, Ehime University / CMES

Despite conservation, the marine survival rates of both wild and hatchery-reared
Baltic salmon (Salmo salar) are declining and lower survival is especially a
problem with reared fish. Although some studies on the molecular level
differences in wild and aquacultured Atlantic salmon has been done, there isn’t
many on the Baltic populations. Salmon samples were collected in the years 2007
and 2008 from Baltic main basin (BMB), Bothnian Sea (BS) and Gulf of Finland
(GoF). Liver from wild and reared salmon from each area were used for
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transcriptomic, proteomic and POPs analyses. POPs levels between wild and
reared salmons showed a statistical difference only in the GoF for dioxin-like and
non-dioxin-like PCBs. Comparison among areas showed that dioxin-like PCBs
were significantly higher in GoF than in BMB or BS, while non-dioxin like PCBs
were higher in BS than in GoF or BMB. Chlordane levels were higher in BS than
in GoF and BMB, while o,p’-DDT and p,p’-DDT showed an opposite trend. BS
had the highest number of DEG when comparing wild and reared salmons,
followed by GoF and BMB. For DEP the order was GoF>BS>BMB. When
comparing different areas within wild fish, BMB vs GoF had the most DEG,
followed by BMB vs BS and BS vs GoF while for DEP the order was BMB vs
BS>BS vs GoF>BMB vs GoF. For reared salmon, BMB vs GoF had the highest
number of DEG and DEP, followed by BS vs GoF and BMB vs BS. In the
comparison of wild vs reared salmon transcrptome, lipid metabolism pathways
were enriched in BS and GoF, no enrichements were found in BMB. In wild
salmons from different areas, main pathways were cell growth and death and
signal transduction in BMB vs BS or GoF, while in BS vs GoF, lipid metabolism
was enriched. In reared fish, lipid metabolism pathways were the most enriched in
all areas. For proteome the enriched pathways were various amino acid
metabolism. Only GoF showed significant enrichment between wild and hatchery
reared salmon. Between areas wild salmon of BMB vs BS and reared fish of BMB
vs BS and GoF showed significant enrichment. Cell cycle and apoptosis and lipid
metabolism related transcription factors were the most abundant in all
comparisons. There was high correlation in the variances of POPs with both
transcriptome and proteome data. The highest number of transcripts were
associated to non-dioxin-like PCBs and PBDEs, and proteins to PBDEs and
chlordane. In general the difference caused by areas were bigger than those
between wild and reared salmon.
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Toxicity evaluations in medaka embryos exposed to chlorophenols using
GC/MS metabolomics and explorations of its differences by chlorination
position

S. Uno, Kagoshima University / Faculty of Fisheries; E. Kokushi, Kagoshima
University / Education and Research Center for Marine Resources and
Environment

Chlorophenols are one of the most common chlorinated aromatic hydrocarbons in
the environment, because they are anthropogenically discharged in industrial
wastes and are also generated by the degradation of chlorinated pesticides. But
there have been few researches on the effects in aquatic organisms. Metabolomics
can provide information about the metabolic processes that are occurring in an
organism and have proven to be a highly sensitive method even for detecting the
effects of toxicants. Previous studies have suggested that metabolite variations can
indicate toxic exposure earlier than typical measurable endpoints such as growth
inhibitions. In this study, we exposed CPs such as 2 4-dichlorophenol (24-DCP),
2 6-dichlorophenol (26-DCP), 3,5-dichlorophenol (35-DCP), and 2,3 4-
trichlorophenol (234-TCP) to the embryos of Japanese medaka (Oryzias latipes),
and evaluated their effects during the embryonic development using GC/MS
metabolomics. Additionally, the differences of toxicities by chlorination position
on CPs were examined with metabolomics approach. Medaka embryos were
exposed to individual CPs such as 24-DCP: 6.25 mg/L, 26-DCP: 6.25 mg/L, 35-
DCP: 2mg/L, 234-TCP: 0.16 mg/L, and each 1/10 of their concentrations,
respectively. Embryos were kept in test water spiked with CPs (n=6). Control
group, in which embryos were kept with CPs free water, was also established.
Embryos were collected at 3,4, and 6 days after the start of the exposures.
Metabolites were extracted from embryos and mesured by GC/MS. The individual
areas obtained from all metabolites detected on a GC/MS chromatogram were
analyzed by ANOV A among each exposure and control groups. Metabolites with
significant differences in ANOVA were selected, and their areas were followed to
analyze by principal componet analysis (PCA). CPs exposures had caused several
effects in embryos and hatching larvae. Metabolomics approach shows that the
toxicities have already appeared at 3 days after the start of the exposure. PCA
score plot at 6 days showed that the order of severity of each toxicity and that was
26DCP< 24DCP< 35DCP< 234TCP. As a result, the increase of the number of
chlorine could cause more severe toxicity. As a result, the CP toxicities were
suggested to be decided by the number of chlorine and the chlorination position.
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Poster spotlight

Life Cycle Impact Assessment (1)
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Product Biodiversity Footprint — A novel approach to compare the impact of
products on biodiversity combining Life Cycle Assessment and Ecology

A. Asselin, Consultant; S. Rabaud, C. Catalan, B. Levéque, I Care & consult; J.
L'Haridon, LOréal Research & Innovation; P. Martz, LOréal Research &
Innovation / LOREAL; G. Neveux, I Care & consult
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Product impacts on ecosystem quality have long been addressed by the top-down
approach known as Life Cycle Assessment (LCA). Impacts are most of the time
assessed within the “biodiversity loss” damage category indicator. However, LCA
methods do not cover the 5 drivers of biodiversity loss as identified by (Millenium
Ecosystem Assessment, 2005) (MEA): only land occupation and transformation,
pollution, climate change are covered, species overexploitation and invasive
species are not. Besides, ecologists work on the ground to measure concrete
impacts from given practices on biodiversity in a given area, in a more bottom-up
approach, for some parts of the value chain of the product (e.g. production of
agricultural bio material). The Product Biodiversity footprint (PBF) approach aims
at bridging the gap between LCA and ecology. Its objective is to allow
comparison of variants of a product for eco-design, being to our knowledge the
first method to address the five drivers of MEA. The methodology combines LCA
and ecology and organizes them towards practical indicators and representations
for business decision. The general architecture is represented by three modules : i)
Module 1 computes life cycle impact assessment; ii) Module 2 refines the
quantification of the pressure on ‘habitat change’, using specific information on
practices including ecological data; this second Module, combined with Module 1,
allows comparison along the value chain for MEA drivers from habitat change,
pollution and climate change ; iii) Module 3 qualitatively assesses aspects that are
not included in LCA models, with ‘species management” and ‘invasive species’
indicators, allowing comparison for those two remaining MEA drivers. PBF has
been tested in three business case studies. It demonstrates that the integration of
ecological data enables to specify LCA results and suggests that current LCA
methods tend to overestimate impacts on biodiversity caused by agriculture when
“biodiversity-friendly” practices are implemented. However, this method is
dependent on the available data/literature connecting specific practices and
biodiversity, calling for streamlined data gathering as a potential next step. The
method and the main outcomes of the case study conducted with L’Oréal on a
simplified shower gel will be presented.
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Incorporating habitat fragmentation into the characterisation of land use
impacts on biodiversity

K. Kuipers, Norwegian University of Science & Technology (NTNU) / Energy
and Process Engineering; M.A. Huijbregts, A.M. Schipper, Radboud University
Nijmegen / Department of Environmental Science; R.F. May, Norwegian Institute
for Nature Research / Terrestrial Department; B.J. Graae, Norwegian University
of Science & Technology / Department of Biology; F. Verones, NTNU /
Department of Energy and Process Engineering

For the credibility of LCA, it is important to cover the most relevant impact
pathways adequately. Since habitat loss is the main driver of global species loss, it
is crucial to appropriately characterise land use and land use change impacts on
biodiversity. However, virtually none of the currently operational LCIA models
considers spatial habitat configuration and fragmentation aspects (but see Larrey-
Lassalle et al. 2018), which are recognised as important factors for the survival or
extinction of species. Including fragmentation and the spatial composition of the
landscape is especially relevant when the landscape (e.g., ecoregion) consists of a
distribution of various hospitable habitats, separated by hostile land cover types.
We explore methods to quantify habitat loss and fragmentation impacts
conforming the LCIA framework such as the fragmented landscape species- area
relationship (FL-SAR; Rybicki & Hanski 2013), the countryside species-
fragmented area relationship (c-SFAR; Larrey-Lassalle et al. 2018), and methods
based on field monitoring data. Furthermore, we propose a new regionally and
taxonomically specific impact model with global geographical coverage that
quantifies the regional impacts of habitat loss and fragmentation on groups of
species that differ in traits relevant for responses to habitat change in multi-habitat
landscapes (e.g., habitat preferences, home ranges, and dispersal capacities).
Separating the taxonomic groups based on species traits allows for a tailored
calculation of the impacts of loss and fragmentation of various land cover types on
biodiversity. Subsequently, these regionalised (gridded resolution) and species-
category specific impacts are aggregated to broader taxonomic groups (e.g.,
mammals or birds) and bigger spatial units (e.g., ecoregions). The resulting
spatially and taxonomically differentiated characterisation factors will be of high
value for regionalised LCIA land use impact modelling. References: Larrey-
Lassalle P, Loiseau E, Roux P, et al (2018) Developing characterisation factors for
land fragmentation impacts on biodiversity in LCA: key learnings from a
sugarcane case study. Int J Life Cycle Assess 23(11): 2126-2136. Rybicki J,
Hanski I (2013) Species-area relationships and extinctions caused by habitat loss
and fragmentation. Ecol Letters 16: 27-38.
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Relevance of considering LCA and ecological expertise methods to evaluate
biodiversity impact of green roofs

A. BRACHET, CSTB; M. OLMOS, CSTB, MNHN; N. SCHIOPU, CSTB; P.
CLERGEAU, MNHN

Human activities are inducing the sixth Earth’s biodiversity mass extinction due to
the global acceleration of species disappearance. As a response to biodiversity
erosion, more and more urban planners are preconizing the integration of green
roofs in European urban projects. Although these initiatives are welcomed, the
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objective assessment of their actual impacts is rarely carried out. One can
distinguish between “in situ” biodiversity impacts (impacts on the construction
site) and “ex situ” biodiversity impacts (impacts due to the extraction of the raw
materials, their transformation, etc.). Usually, the assessment of the “in situ”
impact on biodiversity is carried out based on the ecological expertise method.
This method consists of performing a site's state by naturalistic inventories before
and after a perturbation. Meanwhile, LCA is recognized by the European
Commission as the best tool to assess the environmental performance of a product
along its entire life cycle and enables to assess both “in situ” and “ex situ”
impacts. However, LCA “in situ” biodiversity indicator is not in accordance with
site observations and do not reach a scientific consensus. Improvements need to be
made, especially to correct the lack of local specificities’ consideration. The aim
of this study is to evaluate the biodiversity footprint of two types of green

roofs located in Paris: extensive and intensive green roofs. This study owes its
originality into the calculation of the overall impacts of green roofs on
biodiversity. A correction of the LCA "in situ" biodiversity indicator is proposed
through the use of ecological observations. This study proves the relevance of
considering both LCA and ecological expertise approaches to evaluate the
biodiversity. Depending on the approach chosen, conclusions about the overall
biodiversity impact (i.e. “in situ” + “ex situ” biodiversity) are different. According
to the LCA approach, the extensive green roof induces less biodiversity loss than
the intensive one. When replacing the "in situ" result calculated by LCA method
with the one calculated with ecological obervations, the difference between the
two green roofs is not significant and thus, their footprints have the same impact
order of magnitude. In urban planning, attention has to be payed to not promote
the “in situ” biodiversity at the expense of the “ex sifu” biodiversity, and vice-
versa.
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Inclusion of spatial configuration in LCA by a measure of the pressures on
the land use's context -- the case of quarries worldwide

C. Coelho, University Stuttgart, GaBi; J.P. Lindner, Bochum University of
Applied Sciences; O. Michelsen, Norwegian University of Science and
Technology / Industrial Ecology Programme

The need to draw a land use map which includes measures of fragmentation and
landscape configuration has been previously identified by the life cycle
assessment (LCA) community. The inclusion of fragmentation in LCA has been
limited to ecosystems with natural vegetation cover of less than 30% and applied
to forest ecoregions. Other forms of landscape configuration caused by
anthropogenic activities can occur also in areas with higher habitat coverage, such
as perforation (e.g. mines in remote areas). In such situations, the land use area is
often negligible compared to other major land uses such as agricultural land, and
are consequently overlooked in LCA. So far LCA biodiversity characterisation
factors do not explicitly account for the environmental quality of habitats in the
immediate surroundings of a land use activity. Here we attempt to close this gap
by considering the context surrounding the land use in question. Due to the
difficulty in explicitly assessing habitat suitability consistently and at global scale
we propose the use of the cumulative human pressure in the surrounding area as a
proxy for its habitat quality. Here we use the Human Footprint Index map (HFI)
assuming that, generally, for lower human pressures higher will be the habitat
quality and lesser will be the habitat fragmentation. The proposed modelling
procedure is as follows: 1) for a given land use activity, the spatial data for the
location of these activities is obtained using geospatial information systems 2) a
buffer of 1km outside the area of the activity is created, 3) and the statistics of the
HFI for the buffered areas is calculated. We applied the model on more than
114.000 quarries worldwide. We established a conversion to a perforation
potential, from 1 to 0, being 1 the maximum perforation and O no perforation, with
the fit of a smooth curve for HFI from 0 to 11. The model’s intended use is as an
add-on to other LCA methods as opposed to a standalone impact category for the
impact of land use on biodiversity. The goal is to provide an improvement for the
quality axis in the LCA land use framework. The model brings value to LCA by
allowing an explicit identification of activities which potentially cause perforation,
being particularly relevant for mining activities in remote areas
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A regionalised method to assess irrigation-induced soil salinisation in LCA
M. Niiiez, IRTA / Chair of Sustainable Engineering; M. Berger, Technische
Universitaet Berlin / Chair of Sustaiable Engineering - Office Z1; M. Finkbeiner,
DaimlerChrysler AG / Chair of Sustainable Engineering

Soil salinisation is one of the main causes of soil degradation, adding to other soil
quality threats like erosion, compaction and loss of organic matter. Soil
salinisation is the result of accumulation of salts in soils (mainly Cl, Mg, SO4, K,
Na and HCO3). This may happen through different mechanisms, being one of the
main anthropogenic reasons the use of poor quality irrigation water and improper
agricultural practices. Soil salinisation becomes a problem for global agriculture
when the accumulation of salt in soil exceeds a level that affects soil properties
and crop production on the long term. Despite the hazard that soil salinisation
entails for agri-food systems, to date this environmental problem cannot be
assessed in life cycle assessment (LCA) studies because i) no global life cycle
impact assessment (LCIA) method for irrigation-induced soil salinisation has been
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developed; ii) commonly used life cycle inventory (LCI) databases, such as
ecoinvent, miss information on salt emissions to soils. This work fills these gaps
by providing: i) worldwide and regionalised characterisation factors (CFs) to
assess soil salinisation impacts in terms of soil salinisation susceptibility
(midpoint indicator) and crop diversity loss (endpoint indicator). Native resolution
of CFs is 5 minutes and they were aggregated at subregion and country levels to
facilitate the impact assessment of agricultural processes which exact location is
unknown; ii) a LCI tool with information on salts emitted with irrigation water per
crop yield (kg salt emitted/kg crop) per country and 160 crops, covering most
harvested mass on global cropland, is also provided. The modelling of the CFs
was done using world maps on soil properties and literature of crop production in
salt-affected soils. The LCI dataset builds on information available in the
ecoinvent database and complemented with information on regional water supply
mixes, water quality of different water sources and average agricultural practices.
In summary, the LCA model developed allows assessing, for the first time in
LCA, soil salinisation impacts of different cultural practices, namely
distinguishing between crops, irrigation technologies and use of leaching and
drainage systems, in any location of the world.

203

Process-specific impact assessment instead of region-specific: the case of crop
production and AWARE water scarcity factors

A. Boulay, CIRAIG - Ecole Polytechnique de Montréal / Chemical engineering
department; L. Lenoir, CIRAIG Polytechnique Montreal

Regionalisation of impacts for water use in LCA is essential, but including
regionalisation in LCA inventories, specially for background processes in LCA, is
challenging and time consuming, and often data is not readily available.
Agricultural processes that require irrigation are the largest water consumers in the
world, and often take place upstream of production processes of manufactured
goods, hence increasing the challenge for regionalised data collection. Different
agricultural products consume water in distinct regions of a country represented
by distinct AWARE factors. When sub-national regional information is not
available for the inventory, crop-specific factors at the country scale would be a
better proxy than generic, or even agri specific factors. Such factors are calculated
using data on crop-specific water consumption as a weighting scheme for the
annual watershed-based AWARE factors. The results are crop-specific annual and
country-scale AWARE characterization factors for 26 crops or different crop
groups. The large variation of factors shows the relevance of using such factors
when sub-national inventory data is not available. The average difference across
224 countries between the highest and lowest crop-specific AWARE factor is
12.6, with the highest values being 95.9,77.0,72.6,65.9 and 58.7 for Italy,
Australia, South Sudan, Argentina and USA respectively. This means that in these
regions, the information on the type of crop you are growing can influence your
water scarcity results even moreso than the country your activity is taking place
in. The calculated factors are used to calculate the water scarcity footprint of
maize, rice, soybean and wheat per producing country, in m* world-eq per ton of
crop produced in country x. When regionalisation of impact assessment is not
possible, using crop-specific characterization factors is a good alternative to
capture the spatio-temporal variability of water scarcity impacts, although only
spatial variation could be integrated here due to lack of temporally explicit
irrigation data. This was applied to crop production but could be extended to other
water intensive sectors, such as energy or mining.

Towards a Sustainable Development of River-Sea Systems
(RSS) and Coastal Areas (I)
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Achieving water quality goals for coastal and estuarine ecosystems: Case
study of ambient monitoring in Sinclair and Dyes Inlets in the Puget Sound,
WA, USA

R. Johnston, Applied Ecological Solutions / Marine Environmental Support
OfficeNW; G.H. Rosen, SPAWAR Systems Center San Diego / Energy and
Environmental Sustainability; J. Strivens, Pacific Northwest National Laboratory /
Coastal Sciences; J. Brandenberger, Pacific Northwest National Laboratory /
Marine Sciences Laboratory; M. Colvin, SPAWAR Systems Center Pacific
Achieving water quality goals for coastal and estuarine ecosystems requires an
effective monitoring and assessment program to provide metrics that can inform
effective management water quality. Here we report on an ambient monitoring
program within Sinclair and Dyes Inlets in Puget Sound, WA, USA that was
established to characterize environmental conditions, assess potential impacts, and
track environmental quality trends within the Inlets. A network of water and biota
monitoring locations were selected that were co-located near suspected sources as
well as ambient marine and nearshore conditions for periodic sampling. Water
column stations and effluents from industrial outfalls were sampled seasonally for
trace metals, conventional parameters, and toxicity. Indigenous mussels were
sampled biennially for contaminant residues of metals and toxic organic
compounds. Results showed water quality in nearshore areas appeared to improve
after best management practices for industrial process were implemented. Toxicity
from exposure to whole effluent samples was not observed and ambient water
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samples were not toxic to test organisms, except during the presence of toxic algal
blooms. Mussel tissue residues were below effects benchmarks at most locations,
however areas with elevated levels of contamination were detected.
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Biomagnification of Tantalum through Diverse Aquatic Food Webs

W.E. Espejo, Melimoyu Ecosystem Research Institute / Department of Aquatic
Ecosystems; D. Kitamura, Toyo University / Graduate School of Life Sciences;
K.A. Kidd, McMaster University / Department of Biology and Canadian Rivers
Institute; J. Celis, Universidad de concepcion / Departament of Animal Science,
Faculty of veterinary science; C. Galbdn-Malagén, Universidad Andrés Bello /
Department of Ecology and Biodiversity; R. Barra, University of Concepcion /
Department of Aquatic Systems; S. Kashiwada, Toyo University / Research
Center for Life and Environmental Sciences; G. Chiang, Melimoyu Ecosystem
Research Institute

Tantalum (Ta) is a Technology-Critical Element (TCE) that is growing in global
demand because of its use in electronic and medical devices, capacitors, aircraft,
and hybrid cars. Despite its economic relevance, little is known about its
environmental concentrations and the trophodynamics of Ta in aquatic food webs
have not been studied. Invertebrates and fishes from coastal marine food webs
representing different climatic zones in northwestern Chile, western Chilean
Patagonia, and the Antarctic Peninsula were sampled and analyzed for Ta. The
trophic level (TL) of species was assessed with nitrogen stable isotopes (515N),
and carbon stable isotopes (813C) were used to trace energy flow in the food
webs. Levels of Ta varied among taxa and sites, with the highest values found in
fishes (0.53 — 44 .48 ng g-1dry weight) and the lowest values found in
invertebrates (0.11 — 43 7.80 n ng g-1dry weight). The values of 313C ranged
from -11.79 to -25.66 %o. Ta biomagnified in all four aquatic food webs, with
slopes of log Ta versus TL ranging from 0.16 to 0.60. This has important
implications as little is known about its potential toxicity and there may be
increased demand for TCEs such as Ta in the future. Acknowledgements: This
study was financially supported by the projects INACH T31-11 and FONDECYT
regular 1161504 (G. Chiang), INACH RG09-14 (J. Celis), VRID 216.153.0251.0
of Universidad de Concepcion, Natural Sciences and Engineering Research
Council of Canada and Canada Research Chair funds to K. A. Kidd and a Grant-
in-Aid for the Strategic Research Base Project for Private Universities (award
S$1411016) from the Ministry of Education, Culture, Sports, Science and
Technology of Japan (S. Kashiwada).
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Mercury concentrations have decreased in a contaminated area - but where
has the mercury gone?

P. Bjerregaard, University of Southern Denmark / Biology; A.J. Markussen, Unity
of Southern Denmark / Biology; S.R. Poulsen, University of Southern Denmark /
Biology

The western part of Limfjorden, Denmark, Nissum Broad along Harbogre Tange
was heavily contaminated with mercury during the 1950ies and 1960ies - mainly
due to discharges from the pesticide-producing factory, Cheminova. It is estimated
that approximately 30 tonnes of mercury were discharged into the Nissum Broad.
Investigations during the 1980ies documented highly elevated concentrations of
Hg in sediment and biota along Harbogre Tange; concentrations in sediment with
up to 12 ug Hg/g dw exceeded the natural background concentrations by more
than 3 orders of magnitude at the most contaminated site; eelgrass (up to 1130 ng
Hg g') and blue mussels (up to 15 ug Hg ¢! dw) exceeded natural background
concentrations by up to two orders of magnitude. Recent investigations have
shown that mercury concentrations in the sediments along Harbogre Tange have
decreased considerably since the 1980ies but concentrations in the benthic fauna
are still elevated although they have also decreased since the 1980ies. The purpose
of the present investigation was to throw further light on the fate of the mercury in
the area. Sediment samples were collected frem the deeper part of Nissum Broad
on March 12,2018, and from the coastal areas of the Broad on April 5-6. The
sampling sites were selected to match the sampling sites of as closely as possible.
The sediment samples were frozen and freeze dried and the mercury content was
determined by means of a Milestone Direct Mercury Analyser (DMA-80).
Periwinkles Littorina littorea were collected from coastal areas along Harbogre
Tange and the northern and southern coast of Nissum Broad. Periwinkles from
reference areas without any known history of mercury contamination were
analysed for comparison. Mercury concentrations in the deeper parts of Nissum
Broad were generally lower than or at the same level in 2018 as they were in the
1980ies — thus showing no indication of movement of mercury from the previosly
contaminated sediments along Harbogre Tange to the other parts of Nissum
Broad. Mercury concentrations in the periwinkles along Harbogre Tange show
almost no overlap with the mercury concentrations in the periwinkles from the
reference areas and they appear to be useful sentinels to detect mercury
contamination. The reduction in mercury contamination since the 1980ies in the
sediments along Harbogre Tange has not resulted in elevated concentrations in
other parts of Nissum Broad.
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Bioaccumulation of rare earth elements in two sentinel species of the Loire
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estuary: the European eel (Anguilla anguilla) and the European flounder
(Platichthys flesus)

L. Marjorie, laboratory Mer, Molécule, Santé / Laboratory Mer, Molécule, Santé;
A. Zalouk-Vergnoux, Univeristé de Nantes / MMS; C. Herrenknecht, University
of Nantes / MMS EA; A. Kamari, University of Nantes / MMS; F. Yannick,
University of Nantes / Laboratory of Toxicology; L. Poirier, Univeristé de Nantes
/ MMS

Rare Earth Elements (REEs) are a group of 17 metallic elements with close
chemical and physical properties: scandium, yttrium and 14 lanthanides with
atomic number ranging from 57 (La) to 71 (Lu). REEs are prevalently used in the
industry sector indeed they are employed in numerous processes as in the
production of supermagnet and luminophore, petroleum catalysis, pigmentation of
plastics, metallurgical alloys, nuclear, MRI ... The consumption of REEs was
evaluated at 120 kt in 2014 and is increasing by 6% each year [1]. Hence these
industrial uses are causing REE releases in the environment and particularly in
aquatic ecosystems. REEs are becoming emergent contaminants but they are not
yet taken into account in the current regulations. REEs are able to bioaccumulate
in aquatic organisms and enter in the food chain. Indeed, REE bioaccumulation in
aquatic organisms has already been observed in plankton, algae, bivalve, fish and
turtles. REE bioaccumulation is worrying because these elements cause toxic
effects. In fact, rare earth elements are neurotoxic, embryotoxic, cytotoxic and
carcinogenic, moreover they can cause oxidative stress on cell. The Loire River
(France) is one of the largest and the last wild river of west Europe. Its estuary
from Saint-Nazaire up to Ancenis is characterized by an important anthropogenic
pressure with potential REE emit activities as oil refinery, Aeronautic and naval
industries, wind turbine industries, hospitals with MRI, coal-fired power plant ...
The aim of this study were to define REE bioaccumulation in muscles by eels and
flounders, two key species of Loire estuary. They were selected because they have
an important socio-economic weight, they are consumed by humans and they are
benthic, thus living in contact with the sediment (preferential storage area for
REESs). REE levels in eels were determined by ICP-MS at two stages of life (silver
and yellow). The silver and yellow stages were distinguished by morphological
and physiological changes. The adopted sampling strategy allowed to highlight
potential spatio-temporal effects (breeding period and emission sources),
intraspecific variations (age, sex, size and weight) and interspecific variations. The
first results show that female silver eels accumulate significantly more than males
for some TRs. They also show that TR concentrations in flounder muscles are
significantly higher than in eel (yellow and silver) muscles.
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Seasonal variability of metal and metalloid concentrations in blue mussels
from the North and Baltic Seas

B. Knopf, IME Fraunhofer / Environmental Specimen Bank and Elemental
Analysis; M. Paulus, Trier University; J. Koschorreck, Federal Environment
Agency UBA; A. Fliedner, Fraunhofer IME Institute for Molecular Biology and
Applied Ecology; H. Ruedel, Fraunhofer IME Institute for Molecular Biology
and Applied Ecology / Department of Environmental Monitoring

Since the 1980s, blue mussels are sampled annually for the German
Environmental Specimen Bank (ESB; www.umweltprobenbank.de/en). The
samples are collected in two-monthly intervals at the North Sea sampling sites
Eckwarderhorne and Konigshafen and in six-month intervals at the Baltic Sea site
Darfer Ort. The frozen mussel samples are cryo-milled to annual pooled samples
for each sampling site. We investigated seasonal trends of metals/metalloids in the
six-/ bimonthly sub-samples of the years 2013, 2015 and 2017. The objectives of
this approach of this project should answer the following questions: 1) Are there
any significant seasonal trends of the analytes investigated? 2) How does the
seasonal variability compare to the concentration ranges covered by the temporal
trends over the last decade(s)? 3) Is it possible to select one sampling period per
year which would be representative for the annual mean value gathered from
yearly pooled samples for future time trend analysis? In blue mussels at the North
Sea site Konigshafen we found consistent seasonal trends for cobalt, nickel,
cadmium, copper and lead, as well as for selenium and arsenic for the years 2013
and 2015. However, in this trend was confirmed only for selenium in samples
from 2017. The picture for mussels collected at the North Sea (Eckwarderhorne)
was different: samples of 2013, 2015 and 2017 showed a consistent seasonality of
exposure to metals/metalloids. In contrast, arsenic did not follow this trend. One
remarkable result of our study is that the variability of element concentrations in
the seasonal samples of one single year can be in the same order of magnitude as
the concentration ranges over many years, i.e. the temporal trend, which is based
on annual pool samples. A possible reason for the seasonal pattern can be the
annual life cycle of the mussels. However, the concentrations of metals/metalloids
in the mussel tissue are not only influenced by intrinsic biological factors but also
by the concentrations of the elements in the surrounding water of the mussel.
According to the concentration data found during the seasons it is not possible to
determine one representative sampling point during the year which gives a
comparable information as the annual pooled samples. It is therefore
recommended to pool annual samples.
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Sediment water interface release of 16 metal(loid)s under undisturbed and
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resuspension conditions in Trave Estuary sediments (German Baltic Coast)
H. Schroder, German Federal Institute of Hydrology / Division G-Qualitative
Hydrology; D. Ecker, German Federal Institute of Hydrology BfG; T. Ternes,
Bundesanstalt fiir Gewaesserkunde; L. Duester, German Federal Institute of
Hydrology BfG

A study is presented that combines different approaches to estimate the risk posed
by different Trave Estuary sediments (representative for the study area), which are
in hotspots heavily polluted (especially exceeding guideline values for Cd, Pb and
Zn) due to historical industrial use. For this purpose i) the dissolved
concentrations of the 16 metal(oid)s Ag, As, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb,
Sb, Se, Sn, V, Zn and the non-metals C, P and S in the pore water; ii) the binding
form of the metal(loid)s in the solid phase and iii) the potential release of the
analytes from sediment suspensions under different redox conditions are examined
by i) in-situ and ex-situ pore water sampling using peeper and the recently
introduced meso profiling and sampling system (messy); ii) sequential extraction
following a modified BCR scheme; iii) suspension and manipulation of the
sediments in the bio-geochemical microcosm and iv) simultaneous quantification
of all analytes by ICP-QQQ-MS. Results show that i) metal(loid)s in contaminated
and uncontaminated sediments of the study area are similarly partitioned between
the different fractions of the BCR scheme; ii) dissolved concentrations in the pore
water are very similar in the different sediments and vary significantly only in the
first cm below the SWI; iii) comparable dissolved concentrations and
concentration gradients can be obtained by dialyses based in-situ sampling and
suction based sampling from undisturbed sediment cores in the lab; iv) many
metal(loid)s are released in case of resuspension, with increasing amounts of
elements preferentially bound in the non-residual fractions being released at high
redox potentials; v) the expected release of all metal(loid)s is low compared to the
overall load of the river Trave; and vi) most pristine, fine-grained sediments of the
study area pose the highest risk of metal(loid) release in case of sediment re-
suspension.

Substitution of Chemicals of Concern: Perspectives and
Connections between Analysis of Alternatives, Sustainable
Chemistry and Safe-by-design (1)
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Latest developments in the science and practice of alternatives assessment
and further research needs

M. Jacobs, University of Massachusetts, Lowell / Lowell Center for Sustainable
Production; J.A. Tickner, University of Massachusetts, Lowell / Community
Health and Sustainability; R. Simon, University of Massachusetts, Lowell; S.
Edwards, University of Massachusetts Lowell / Lowell Center for Sustainable
Production

Alternatives assessment (also known as analysis of alternatives) emerged nearly
two decades ago to help guide the evaluation and adoption of safer and feasible
substitutes for hazardous chemicals of concern. Today, alternatives assessment is
being used in a range of substitution and safer chemistry development contexts,
including industry chemicals management operations, regulatory programs,
procurement activities, voluntary government substitution support programs,
among others. Although the general alternatives assessment frameworks used
among these different stakeholders address similar process components of an
alternatives assessment, there is a recognition within the field that specific
methods and tools used in any given assessment need to be flexible, iterative and
adaptable as the specific decision contexts widely vary. Academia, consulting
firms, non-governmental organizations (NGOs) and government authorities have
contributed tremendously over the last five years to the development of new
methods and tools to assist with the alternatives assessment process, recognizing
this “fit for purpose” need. New developments in the use of methods to assess the
intrinsic exposure potential of a given alternative and the consideration of broader
life cycle considerations will be described. New resources and tools for addressing
data gaps in the hazard assessment component of the assessment will be shared as
well as insights from recent decision analysis/decision making research. Key
needs to advance the methods and practice of alternatives assessment as elevated
during the recent 2018 International Symposium on Alternatives Assessment and
as outlined in a recent research and practice agenda for the field will be reviewed.
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Case studies on Analysis of Alternatives under the REACH Authorisation
process

E. Van Asbroeck, Apeiron-team NV

In this session we will discuss several examples of Analysis of Alternatives for
substances of concern for a specific use. Starting from the key functional
requirements of the substance and the required performance it delivers in the end-
product, leads to a range of potential alternatives to be objectively assessed against
clear decision criteria, to arrive at the final substitution choice. Potential
alternatives include: (i) drop-in alternative, (ii) alternative technology, (iii)
alternative end-product, but also (iv) relocation and (v) stopping the business. We
apply a two-step approach. In the first step, alternatives are looked for as broadly
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as possible, including; by evaluating the reasons of failure of alternatives tested in
the past, by checking what competitors are doing, by cross sector assessment of
technologies, by inspiration gathered at green chemistry conferences, etc. In the
second step, the short listed highest potential alternatives are assessed in detail on
the four criteria defined by REACH in the Authorisation process: (i) reduction of
risk, (ii) technical feasibility, (iii) availability and (iv) economic feasibility. The
case studies demonstrate how the methodology of Analysis of Alternatives under
the REACH Authorisation process can be used as a tool to enable substitution,
leading to added value for society while avoiding regrettable substitution.
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Innovation in fouling control, from chemical substitution to UV-C systems
J. Hunter, M. van der Zalm, M. Hindmarsh, Akzo Nobel N.V
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Substitution of Hazardous Chemicals: Lessons, Opportunities and Challenges
from a Civil Society Organization’s Perspective

M. Wang, D. Santillo, K. Brigden, Greenpeace Research Laboratories
Substitution is a vital element of approaches to address hazardous chemicals and
wastes. Support for development and implementation of, and further innovation
in, environmentally sound and safer alternatives (including clean production,
informed substitution of chemicals of particular concern, non-chemical
alternatives) is one of the risk reduction objectives of the Strategic Approach To
International Chemicals Management (SAICM), as well as a strategic pathway to
the overarching EU objectives for a non-toxic environment. Success in practice
depends on the collaborative efforts of all relevant stakeholders, each with a
unique role to play. In this SETAC-ECHA substitution special session, we will
provide thoughts and relevant experience from a civil society organization
perspective, on the following topics, in order to contribute to further discussions: -
Drivers for substitution - Importance of collaboration among stakeholders - The
role of civil societies in substitution and the importance of their technical and
professional capability. - The importance and role of supply chain evaluation and
management - Information availability and commercial confidentiality: challenges
and opportunities - Functional substitution - chemical and non-chemical
alternatives: awareness, guidance, assessment and supporting instrument
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Questions
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General discussion with panel and audience
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Concluding remarks for part I and a teaser for part I1

Wildlife Ecotoxicology: From Sub-lethal Responses to
Adverse Effects at Individual and Population Level
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Immunomodulative effects of trace metals in small mammals models

D. Garcia-Mendoza, Wageningen University & Research / Toxicology; B. Han,
H.H. van den Berg, Wageningen University & Research / Division of Toxicology;
N. van den Brink, Wageningen University / Dept of Toxicology

The effect assessment of immunotoxic contaminants, e.g. trace metals, in
environmentally exposed animals is relevant particularly in wildlife species of
small mammals that act as hosts for zoonotic infectious agents and modulation of
their immune system could play a role in the transmission of such infections.
Using a bottom up strategy we assessed the effect of cadmium, a known
widespread contaminant metal with immunotoxic potential, on the murine
immune system. Initially, we performed an in vitro study using different murine
immune cell lines showing that cadmium is cytotoxic and may cause toxic and
functional effects in different immune cell types, at sub-cytotoxic concentrations.
Innate immune cell models, macrophages (RAW264.7 and NR8383 cell lines) and
mast cells (MC/9 and RBL-2H3 cell lines), showed a dose dependent depletion of
cellular glutathione; while in cells from the adaptive immune system, T
lymphocytes (D10.G4.1 cell line) and B lymphocytes (CW13.20-3B3 cell line),
glutathione levels were low and cadmium did not have an effect. In all cell lines
tested apoptosis was induced at high cadmium concentrations just below cytotoxic
levels. Functional effects also showed differential effects. While in activated
macrophages cadmium increased pro-inflammatory effects, by enhancing the
production of TNFa and nitrite, opposite effects were observed in mast cells, by
decreasing the production of TNFa and histamine. In the T cell (Th2) model,
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proliferation and production of IL-4 cytokine was increased in activated cells at
low cadmium concentrations. At sub-cytotoxic concentrations cadmium did not
have significant functional effects on the B cell model in study. In order to
increase the level of immune integration, ongoing research will determine the
effect of cadmium on the T cell-dependent antibody response using in vivo mouse
models. The evaluation of such response, described as the best predictor for
immunosuppression, is dependent on the activation and communication of
different immune cell types, which are differentially susceptible of being affected
by the exposure to immunotoxicants. The comparison and correlation of in vitro
and in vivo studies will give insight on the potential effects of the environmental
exposure to immunotoxic contaminants, such as cadmium, in the immunity of
small mammal species, as well as to provide the most relevant in vitro endpoints
for immunotoxicological assessment.

218

Organic pollutants, rodenticides and metalls in the urban terrestrial
ecosystem; the case study Oslo city

D. Herzke, NILU - Norwegian Institute for Air Research / FRAM Centre Tromso;
E.S. Heimstad, NILU - Norwegian Institute for Air Research; T. Nygérd,
Norwegian Institute for Nature Research NINA

Persistent organic pollutants (POPs), perfluorinated alkylated substances (PFAS),
siloxanes, chlorinated paraffins, organic phosphoric flame retardants (OPFR),
dechloranes, UV filters, rodenticides and heavy metals were measured in the
terrestrial urban environment of the city of Oslo, Norway, since 2014. NILU and
NINA investigated a terrestrial food chain supplemented by predatory species
covering varying feeding behaviours (air, soil, earthworm, eggs from fieldfare,
sparrowhawk and tawny owl and in liver of red fox, brown rats and batchers). In
general, we found a variety of the investigated pollutants in all matrices, with even
being able to point out so far unknown pointsources of pollution within the city.
Elevated PFAS concentrations in soil and earthworms were found in locations
used for skiing activities as well as industrial activities. In 2016, Bromodiolone
and brodifacoum were found in rat- and foxlivers varying between up to 3883
ng/g ww and up to 1072 ng/g ww, respectively. We observed major differences
between the concentrations and patterns of accumulation of organic pollutants and
metals between the species involved in this study. Levels of organic pollutants,
especially PCBs, are much higher in the top predators (eggs of sparrowhawk) than
in the other species. On the other hand, metals were much higher in earthworms
than in any other species. In terms of quantity, PFAS were present in most of the
investigated sample types. Distinct interspecies differences were found. PFOS is
the overall dominating compound. PFDoA, PFTriA and PFTeA contribute more
higher up in the food-chains (fieldfare, sparrowhawk and tawny owl), but also in
rodents. Emerging PFAS were also detected. SCCPs were present in all air, soil,
fox, sparrowhawk and tawny owl samples, indicating an ubiquitous distribution in
Oslo. MCCPs were only found sporadically, mostly in earthworms and soil. In
2016, besides elevated concentrations in air (average 1533 ng/sampler, we
detected the highest sumSiloxane concentrations in eggs of sparrowhawk (11.3
ng/g lw) followed by worms and tawny owl eggs (9.9 and 3.1 ng/g Iw). OPFRs
were either not detectable, or were found in very low levels at the higher trophic
levels in biota. However, in earthworms appreciable levels were found
(SumOPFR of 898 ng/g lw), compared to about 10 ng/g lw in sparrowhawk,
tawny owl and rat liver, all data from 2016. Based on our findings, the trophic
magnification potential of these compounds seems to be low.
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Assessing exposure and toxicity of anticoagulant rodenticides to birds of prey
in British Columbia, Canada

J.E. Elliott, Environment and Climate Change Canada / Science and Technology
Branch Ecotoxicology and Wildlife Health Division; V. Silverthorn, Saltspring
Island; S. Lee, Environment and Climate Change Canada; S. Hindmarch, Fraser
Valley Conservancy; V. Bowes, Britsh Columbia Ministry of Agriculture; F.
Maisonneuve, Environment and Climate Change Canada

Anticoagulant rodenticides dominate pest rodent control globally. Second
generation anticoagulants (SGARs) are persistent, bioaccumulative and toxic
chemicals that have become widespread contaminants of terrestrial birds of prey.
We present data on concentrations of anticoagulants and autopsy results for 560
raptorial birds found dead or brought into rehab, 1988-2016 in British Columbia.
Larger generalist owls, e.g. barred owl (Strix varia) and great-horned owl (Bubo
virginianus), had the greatest incidence of exposure; smaller owls e.g. barn owl
(Tyto alba) had lower incidence , as did hawks, e.g. red-tailed hawk (Buteo
Jamaicensis) and Cooper’s Hawk. Bird eating merlins (Falco Columbarius) had
lowest incidence of exposure among diurnal raptors. Modeling of autopsy and
liver residue data show barn owls to be the most sensitive to SGAR poisoning,
while great-horned owl least. Probability of lethal AR poisoning increased above
0.1 ug/g SGAR in liver, and rapidly above 0.5 ug/g. Over the study period, the
incidence of exposure to SGARs increased from 1988 onwards, remaining
consistently high (above 75%) from 2003- 2009, then declining from 2009-2016,
which coincides with introduction of regulatory measures in Canada to reduce
usage of the most toxic SGARs. Vehicle collision was the most common cause of
death for all raptors, followed by trauma, undetermined cause, emaciation, and AR
poisoning, which was more common than window collision.
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Multiple stressors affect bird health: a case study in lead contaminated
environments

J. Lidman, Department of biology and environmental science, Umea university /
Department of Ecology and Environmental Science; M. Jonsson, Umea
University; . Berglund, Umea University / Ecology and Environmental Science
Birds have long been used as biomonitoring species in contaminated environments
and although we have good knowledge on the toxic effects of single compounds
from laboratory experiments, the outcome may differ in the field, due to multiple
stressors in a natural setting. Also, even one single stressor might have multiple
effects on the same target due to direct and indirect pathways. In this study we
assessed multiple effects of mining activities on insectivorous birds (Ficedula
hypoleuca) using hemoglobin (Hb) levels as an indicator for bird health. We used
metal accumulation (both essential and non-essential), habitat type, and food
availability to explore direct and indirect effects of mining. Contrary to our
expectation, Hb levels were not directly related with lead exposure, even though
lead is known to affect heme synthesis and lead concentration in birds from the
mining area exceeded the suggested threshold for lead toxicity. Instead availability
of terrestrial flying insects, connection to water and distance to the mine were
more important, indicating that the indirect effects of mining activities and
specific food items, in addition to habitat, play an important role in the overall
bird health. This study highlight the importance of including multiple co-occur
stressors when assessing responses of contaminants in wildlife.
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Parental foraging strategies, mercury load and offspring quality in a coastal
breeding gull species

C.S. Santos, Ghent University (UGent) / Terrestrial Ecology Unit (TEREC) -
Department of Biology; A. Sotillo, University of Aveiro / Department of Biology;
M. Monteiro, Aveiro University / Biology; L. Lens, Ghent University / Terrestrial
Ecology Unit Biology Department; S. Loureiro, Universidade de Aveiro /
Biology

Mercury (Hg) contamination is known to trigger a wide range of deleterious
effects on free-ranging animal populations. Monitoring Hg exposure and effects of
Hg in sentinel species such as seabirds is hence important to evaluate Hg risks at
the population and ecosystem level. This study aimed to address this topic by
studying the implications of parental foraging strategies on the Hg input in eggs
and chicks, and how this input connects with offspring development,
physiological condition and behaviour in the generalist Lesser Black-backed gull
(Larus fuscus). To address this, a series of field studies were performed, as well as
an experimental study carried out at an aviary facility. Briefly, a population of L.
fuscus was monitored in Zeebrugge (Belgium, 51°2°N, 03°11’E) between 2012-
2015. Eggs and chicks’ down feathers and primary feathers were collected to
assess their main dietary origin and quality, by determining isotopic signatures of
carbon (813C) and nitrogen (515N), and total Hg burden. Parental input of Hg in
offspring quality was then assessed by relating information on parental foraging
strategies and Hg load with clutch volume and proxies of chick health (e.g. growth
rate, body condition and physiological state). Moreover, in a controlled dietary
experiment, carried out at an aviary facility, chicks’ body condition, physiological
state and behaviour (e.g. begging behaviour) was assessed and related to Hg
burden of chicks accumulated via dietary uptake. As expected, eggs and chicks’
feathers from parents with a stable isotope signature that suggested a
predominantly marine diet had higher levels of Hg. Increased maternal input of
Hg by females during egg-formation period was negatively related with maternal
investment in clutch volume and positively related with Hg load in newly hatched
chicks. The latter, in turn, tended to be positively related to DNA damage and
negatively related to body condition of chicks. Moreover, increased input of Hg
during post-hatch period was associated with a decrease in early development and
physiological condition of the chicks. Taken together, our results suggest that the
use of marine sources increased maternal and parental input of Hg which may
have negative effects on offspring quality.
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Poster spotlight

Aquatic and Terrestrial Plant Ecology: Ecotoxicology, Risk
Assessment and Modelling (1)
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Assessing herbicide effects on non-target terrestrial plants in the greenhouse
and in the field

R.J. Isemer-Kellner, Bayer Ag / Environmental Safety Ecotoxicology; C. Mihan,
D. Jans, V. Ducrot, Bayer AG Crop Science Division / Environmental Safety
Ecotoxicology

During the regulatory approval process for herbicides, potential side-effects to
non-target terrestrial plants (NTTP) are evaluated. Routine testing in form of
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standardized lower tier greenhouse studies is used to assess potential risks. Higher
tier testing approaches like field studies may be needed to assess whether the
identified risks may occur under more realistic conditions in the field. So far no
agreed NTTP field study method has been established. We developed a method
for conducting higher tier field studies with NTTPs (posters SETAC Europe
2016&2017, presentation SETAC US 2018) and compared the results to standard
greenhouse testing. Effects of a sulfonyl-urea herbicide on 10 crop species as
surrogates for NTTPs were measured in the greenhouse in a standard dose-
response test according to OECD Guideline 227 (Terrestrial Plant Test:
Vegetative Vigour Test, 2006). Shoot dry weight of sugar beet was shown to be
the most sensitive endpoint. Lower tier studies in environmentally controlled
greenhouses are designed to minimize variation in order to allow for a statistically
reliable detection of effects. On the down side, these artificial growth conditions
tend to overestimate effects of herbicides due to lack of realism. The higher tier
NTTP field study method we have developed may be suitable to overcome this
gap. Throughout the growing season 2017 (May to September), the same
herbicide already used in the greenhouse testing was tested on 11 plant species
sown as a seed mixture for establishing artificial plant communities on a test acre
in Germany. Three herbicide rates similar to those used in the greenhouse testing
were applied. Vegetation cover according to the Londo scale, dry biomass of total
vegetation, symptoms of phytotoxicity as well as BBCH stage of the sown species
were assessed. The assessed endpoints and species showed different responses to
the tested herbicide and variability was high for some endpoints. Community level
metrics such as principal response curves cover endpoints for single species and
may be most suitable for the risk assessment. Effects of the herbicide under field
conditions were less pronounced than predicted by the corresponding greenhouse
study confirming the suitability of the proposed field study method for refining the
risk assessment for NTTPs. It needs to be discussed carefully, how to deal with
higher variability as well as which of the endpoints should be integrated into the
future risk assessment.
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Viability and reliability of assessing reproductive traits of non-crop species
for risk assessment under greenhouse conditions

A. Duffner, Eurofins Agroscience Services Ecotox GmbH / Terrestrial
Ecotoxicology Lab; C. Gimeno, Trialcamp S.L.U.; T. Moser, Eurofins
Agroscience Services Ecotox GmbH

Agriculture is the dominating land-use of the EU member states by covering
nearly half of the surface area. Using herbicides to reduce weed competition in
agricultural areas can adversely affect non-target terrestrial plants (NTTP’s)
growing at field margins which provide broad spectrum of ecosystem services
(MEA 2005). According to the recent EFSA Opinion for NTTP’s (2014) one
important goal is maintaining the biodiversity of plant species in the agricultural
area. It is therefore recommended to include also non-crop species in the testing
scheme from the list provided in OECD guidelines (OECD 208 and 227) and to
assess reproductive endpoints such as e.g. seed production. The general objective
of this work was to assess the viability and reliability of generative traits of non-
crop species for risk assessment under greenhouse conditions in two different
European zones. Two different experimental setups were tested. Setup 1: For
crops and non-crop-species biomass and plant height at the vegetative and
generative growing stage and seed production was assessed when growing at 5
different plant densities in untreated soil, respectively. Setup 2: Selected crop and
non-crop species from setup 1 growing at a selected plant density were treated
with a total herbicide at five non-lethal application rates. Biomass at the vegetative
and generative growing stage and seed production was assessed. The non-crop
species for both setups were chosen from the appendix of the OECD guidelines
208 and 227. In both setups 6 replicates were used for each treatment. Both setups
were conducted in two greenhouses in different European zones (Germany and
Spain). In both setups the biomass and seed production will be statistically
evaluated and the coefficients of variation for biomass (vegetative vs. generative
growing stage) and seed production will be compared between crops and non-crop
species. For setup 2 the ERx values will additionally be presented for biomass and
seed production, where possible. References: EFSA PPR Panel (2014): Scientific
Opinion addressing the state of the science on risk assessment of plant protection
products for non-target terrestrial plants. EFSA Journal 2014;12(7): 3800.
Millennium Ecosystem Assessment (MEA) (2005): Ecosystems and human well-
being: synthesis. Island, Washington, DC
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Novel methodology for evaluating the ecological impacts of environmentally
relevant antibiotic mixtures on agricultural landscapes

J.B. Sallach, University of York / Environment; S. Toet, J. Stockdale, University
of York; A. Zealand, Newcastle University; D.W. Graham, Newcastle University /
School of Civil Engineering and Geosciences; A. Boxall, University of York /
Environment and Geography Department

Fresh water resources are under stress as a result of increasing global populations
and a changing climate. As a result, the reuse of wastewater has become a
valuable alternative to meet agricultural irrigation demands. However, wastewater
effluent is a known reservoir for pharmaceutical residues which include
potentially dozens of antibiotic compounds. The impacts of antibiotic exposure in
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the agro-ecosystem is of particular concern due to the bio-activity of these
compounds and key role microbes play in soil-plant systems. Here we use an
exposure algorithm to determine a mixture of antibiotics and predicted
environmental concentrations (PECs) in wastewater effluents based on
prescription data from the United Kingdom. A synthetic wastewater was prepared
and spiked at 5 treatment levels (Control, PEC/10, PEC, 10xPEC, & 100xPEC)
and used to irrigate spring barley over a full growth cycle (approximately 12
weeks). Over that period, soil samples were collected at various time periods
(prior to antibiotic exposure, 16 hours after initial exposure, 6 weeks of exposure,
and 12 weeks of exposure) to track changes in microbial community structure and
changes in antimicrobial gene expression. Plant growth parameters were evaluated
throughout the study including plant density, tiller formation, leaf development,
and plant height. Plant density was negatively correlated with antibiotic exposure
with a dose dependent response and this difference increased throughout the
growth season. The Skygas 2D system, developed at the University of York, was
deployed throughout the entire experiment to continuously measure net ecosystem
exchange (NEE) of greenhouse gasses including CO,, N,O, and methane. Results
showed, for example, that significant differences in NEE of CO, corresponded
with increased antibiotic exposure as the plants matured. Analytical techniques
including targeted LC-MS/MS used to track the fate of antibiotics in the soil-plant
system, high mass accuracy LC-MS/MS to evaluate changes in the extractable
plant metabolome, and GC-MSD for stable isotope analysis were employed.
Results of this study show that at environmentally relevant concentrations, a
mixture of antibiotics can impact the soil-barley system and alter ecosystem
function.
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Effects of pesticide mixtures on algal biofilm structure and function

M. Bighiu, Swedish University of Agricultural Sciences / Department of Aquatic
Sciences and Assessment; W. Goedkoop, Swedish University of Agri Sciences /
Department of Aquatic Sciences and Assessment

Agricultural pesticides may reach surface waters and impact non-target aquatic
organisms and key ecosystem functions. Algal biofilms are ubiquitous in aquatic
environments, form the base of aquatic food webs, and have an important role in
nutrient and carbon cycling. We investigated the effects of pesticide mixtures on
the function (i.e., photosynthetic efficiency) and structure (i.e., taxa composition)
of algal biofilms, as well as their recovery after exposure, in a laboratory
experiment. Pesticides found in the highest concentrations in Swedish streams
were selected for laboratory tests (i.e., 6 herbicides and 1 fungicide). Three
mixtures containing 3 pesticides with different modes of action were used in a
dilution series ranging from observed toxic units (TU) in long-term monitoring
samples, i.e. 1xTU to 100xTU. We found a decrease in biofilm photosynthetic
efficiency at concentrations > 10xTU. However, in the low exposures we also
observed a stimulatory effect on biofilm photosynthetic efficiency after 2 days of
exposure. The latter was interpreted as an increased chlorophyll a production in
response to stress, also known as the ‘greening effect’. The recovery of the
photosynthetic efficiency was high (i.e., 97% of the treatments), especially for
biofilms that had experienced low pesticide exposures. This recovery suggests that
the pesticides caused a temporary downregulation of photosystem II, but not a
permanent damage. However, as our TUs are based on weekly average
concentrations measured in the field, it is important to consider that peaks might
occur during shorter time intervals, thus leading to potentially higher exposure in
situ. Preliminary results on biofilm assemblage composition show that several
taxa were present only in the control treatments (i.e., the green algae
Aphanochaete and Closterium and the cyanobacteria Lyngbya and
Pseudanabaena). This suggests that pesticides act as a selective pressure for
tolerant taxa and can alter natural algal assemblages in biofilms.
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Assessment of biomarkers in macrophytes exposed to individual and
combined pollutants of agricultural run-off and climate change

V. Vijayaraj, M. Laviale, Universite de Lorraine; S. Hilt, Leibniz Institute of
Freshwater Ecology and Inland Fisheries / Ecosystem Research Division; J.
Leflaive, Université de Toulouse; M. Schmitt-Jansen, Helmholz Centre for
Environmental Research-UFZ / Bioanalytical Ecotoxicology; J. Allen, Université
de Toulouse / ECOLAB UMR CNRS 5245; N. Kipferler, Ludwig-Maximilians-
University Munich / Department of Biology; B.H. Polst, Helmholtz centre for
environmental research - UFZ / Department of Bioanalytical Ecotoxicology; E.M.
Gross, University of Lorraine / Laboratoire Interdisciplinaire des Ecosystemes
Continentaux

Macrophytes play an important role in nutrient cycling and in physical and
community structuring of aquatic ecosystems. Their potential susceptibility to
environmental stressors could therefore lead to a disruption of biotic and abiotic
interactions in shallow aquatic systems. In addition to endpoints such as growth
and mortality, we consider it important to determine a so-called stressor-specific
“chemical fingerprint” of the plant species. Eurasian watermilfoil, Myriophyllum
spicatum (an OECD as a test organism), the pondweed Potamogeton perfoliatus
and the waterweed Elodea nuttallii have been used in our study to determine
individual and combined effects of agricultural run-off (ARO, a defined mixture
of nitrates, copper and pesticides) and climate warming. Plants from different
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microcosm experiments testing effects of different concentrations and pulses of an
ARO cocktail at ambient and elevated (+4°C) temperature were analysed. Plant
biomass and biomarkers such as pigments, anthocyanins, total phenols and
elemental stoichiometry were analysed. E. nuttallii showed reduced biomass yield
at both ambient and elevated temperature (+4°C) in the presence of ARO. All
plants showed a more or less distinct change in pigment patterns, with a tendency
of increased chlorophyll contents. A significant increase in carotenoids was seen
in E. nuttallii at elevated temperature. For M. spicatum, a significant reduction in
polyphenols was seen at the highest ARO concentration at elevated temperature.
In our study, we expect an effect of temperature and ARO on different submerged
macrophytes, and that the individual and combined stressor-effects would be
better seen with our chemical and physiological biomarkers than by just analysing
growth parameters.
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Aquatic Plant Exposures - The Complexities of Higher Tier Testing

A. Kirkwood, C. Hedderig, Smithers Viscient LLC / Ecotoxicology; C.R. Picard,
Smithers Viscient, LLC / Terrestrial Ecotoxicology; J. Hoberg, Smithers Viscient
LLC / Ecotoxicology; R.C. Biever, Smithers Viscient, LLC / Department of
Ecotoxicology; J. Schwalbe, Smithers Viscient, LLC

Toxicity testing with aquatic macrophytes is a valuable tool in assessing the risk
of herbicides to aquatic plants, particularly for instances where Lemna spp. may
not provide a complete representation of risk for a specific compound. These
aquatic plant tests, however, come with a unique set of challenges. One of the
main challenges is determining appropriate species to use when designing
exposure(s) when the goal is to produce a species sensitivity distribution (SSD).
There are several aspects to consider, including whether there is a published
guideline or test method for the species, if there are defined endpoints and
acceptability criteria, and if the plants are readily available from reputable
suppliers. Guidance for laboratory testing of Myriophyllum spicatum exists in
OECD TG 239. Published literature on the use of alternate species for laboratory
or outdoor environmental testing is available, but no formal, validated test
methods for these species exist. Therefore, modifications to the OECD TG 239
exposure design are often implemented when alternate species are utilized in a
similar single-species laboratory format. However, the parameters referenced in
the OECD TG 239 guidance may not represent the ideal conditions for adequate
plant growth resulting in an overall data set that does not properly assess potential
toxicity. When determining environmental risk for herbicides, there is a
progression of testing tiers for aquatic plants, and each tier has associated benefits
and challenges which help to determine what kind of testing should be designed
for the goals and objectives. Caution should be used when applying acceptability
criteria set for M. spicatum to alternate species in single species exposures, as
there are currently no validated methods for the alternate species. In order for
alternative species to meet similar criteria, some modifications may be required to
the amount or source of nutrients in the sediment, temperature or lighting ranges,
or culturing practices. With regards to longer-term multi-species studies, as there
is no specific guidance for the conduct of the study or required criteria, each
exposure system needs to be carefully designed based on the intended objectives.
Therefore, test duration, exposure duration, number of species required, and
monitoring and sampling intervals will potentially vary between studies.

Complex Mixtures in the Environment: Monitoring,
Fingerprinting and Assessment (I)
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How do ion mobility and collision cross section benefit non-target
identification in environmental studies

C. Gallampois, Umea University / Chemistry; P. Ojeda May, Umea University /
High Performance Computing Centre North; P. Haglund, Umea University /
Department of Chemistry

The identification of chemicals in complex mixtures, such as environmental
samples is a challenge due to the presence of both natural and man-made
compounds, at different level of concentrations. Separation is a key word to be
able to detect low concentration chemicals in such mixtures. Ion mobility (IM)
coupled to liquid chromatography (LC) and mass spectrometry (MS) is able to
separate isomers and to provide an extra physical chemical parameter, the cross
collision section (CCS). The set of isomers, tris(1-chloropropyl) phosphate, tris(2-
chloropropyl) phosphate and tris(3-chloropropyl) phosphate presented different
CCS values, 161.8, 162.1 and 162.5 A2, respectively (measured in nitrogen gas).
The lowest difference was about 0.2% between the tris(1-chloropropyl) phosphate
and tris(2-chloropropyl) phosphate. Thus, even with a low difference of CCS
value we are able to make the difference between two isomers based only on this
value. A CCS prediction model was developed using a stochastic Projection
Approximation method (Monte Carlo simulations). The training set contains 19
pharmaceuticals and pesticides. The first results showed error between 0.3% to
4.1% for most of the compounds (e.g. mirtazapine and cycluron, respectively), 3
compounds had an error around 8% (e.g. tramadol) and the last three compounds
had a much larger error, between 18% and 25% (azithromycin and bisoprolol,
respectively). These results showed the importance of considering electrostatic

49



effects in the model. Environmental samples (e.g. sludge, influent or effluent
waters) will be considered to verify the applicability of CCS values, but also to
know to which extend these values can be of help the non-target identification
workflows.
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Comparing mass, retention time and MS2 spectra as criteria for the
automated screening of small molecules in aqueous environmental samples
analysed by LC-QToF-MS/MS

K. Jewell, German Federal Institute of Hydrology; C. Dietrich, B. Ehlig, F. Thron,
A. Wick, Federal Institute of Hydrology; T. Ternes, Bundesanstalt fiir
Gewaesserkunde

The adoption of database screening using high-resolution, LC-MS data is
promising as a pre-screening and routine monitoring tool but depends on the
ability to perform reliable data processing on a large number of samples in a
unified workflow. Strategies to minimize errors have been proposed but
automated procedures are rare. High-resolution LC-ESI-QToF-MS/MS was
performed for the analysis of aqueous samples by direct injection. Data processing
was achieved with software tools written in R. A database containing MS? spectra
of 693 compounds was integrated into the workflow. Standard mixes and a series
of 361 samples of river water were analyzed and processed with the optimized
workflow. Using the database and a mix of 70 standards for testing, it was found
that an identification strategy including i) mass ii) retention time and iii)

MS? spectral matching achieved a 2- to 3-fold improvement in the fraction of false
positives compared to using only two criteria, while the number of false negatives
remained low. The optimized workflow was applied to the sample series of river
water. In total, 149 compounds were identified. The best strategy for a database
screening approach with minimal manual data manipulation is focused on the
reduction of false positives, allowing for the screening of hundreds of water
samples for hundreds of compounds in a single run.
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Risk-based prioritisation of organic micropollutants in WWTP effluents and
surface waters on a European scale

W. Brack, T. Schulze, Helmholtz centre for environmental research - UFZ /
Effect-Directed Analysis; L. Beckers, Helmholtz-Zentrum fiir Umweltforschung
GmbH - UFZ / Effect-Directed Analysis; E. Miiller, M. Krauss, Helmholtz centre
for environmental research - UFZ / Effect-Directed Analysis

The EU project SOLUTIONS provided a huge set of LC-HRMS screening data
recorded in a harmonized way at about 500 sites all over Europe including the
large rivers Rhine and Danube, a lot of small rivers in many different European
countries, rain-event-based samples from small agricultural streams, seasonal
series of water samples and a large number of wastewater treatment plant
(WWTP) effluents from all over Europe. In the present study these samples were
assessed for about 1000 organic micropollutants and their contribution to the
overall risk for the three Biological Quality Elements (BQEs) algae,
macroinvertebrates and fish. Frequently occurring risk drivers and mixtures
thereof were identified. Differences and similarities between large and small
rivers, different geographical regions, rain-event and base-flow samples have been
evaluated. The criteria for target compound selection were (1) previous detection
in surface waters or (2) prediction by emission-based modelling to occur at
substantial concentrations in European surface waters or to substantially
contribute to risks on aquatic ecosystems. In WWTP effluents more than 300
chemicals have been detected and assessed using the Toxic Unit (TU) approach.
Particularly for invertebrates, 8TUs exceeded 1 in many effluents with up to 5-fold
exceedance in some effluents dominated by specific insecticides. For algae and
fish in most cases 4TU is between 0.1 and 1, which still represents significant
risks. Although the assessment revealed a certain degree of site-specificity for the
different types of samples, consistent mixtures of risk drivers became obvious.
Taking WWTP effluents as an example, risks to algae during the application
period in spring were dominated by photosynthesis inhibitors, while outside this
time antibiotics and other pharmaceuticals become dominating, which are emitted
the whole year.
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Occurrence and distribution of organic micropollutants in water, sediments
and snail tissues in freshwater systems of western Kenya

F. Kandie, Helmholtz Centre for Environmental Research UFZ; A. Ganatra,
International Center for Insect Physiology and Ecology; M. Krauss, Helmholtz
centre for environmental research - UFZ / Effect-Directed Analysis; B. Torto,
Internation center for insect physiology and ecology; W. Brack, Helmholtz Centre
for Environmental Research UFZ / Effect-Directed Analysis

In the last decades, the uncontrolled use of emerging organic micropollutants
including pharmaceutically active compounds (PhACs), pesticides and industrial
chemicals led to their increased detection in the environment. Increasing
consumption and discharge has led to concerns on the (eco)toxicological effects
since these compounds have been shown to cause adverse effects on organisms
including acute and chronic toxicity and endocrine disruption even at low
concentrations. Monitoring of these compounds has led to detections in various
matrices, with concentrations ranging from sub-ng L' to g L. However, most of
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these studies have been performed in developed countries with limited
information from developing countries. Since chemical monitoring data are hardly
available for Kenyan surface waters, the main objective was to determine the
multi-compartment occurrence of chemical mixtures in freshwater systems.
Specifically, we aim to: 1) identify and quantify organic micropollutants present
within the water, sediments and snail phases, 2) determine the chemical activity
and toxic units of these pollutants and 3) for the first time, report the occurrence of
personal care products and metabolites in Kenya. Forty eight sites were selected
for the monitoring of pesticides, PhACs, hormones, preservatives and their
metabolites. To access the impact of land use, different sites were sampled
including 27 agricultural (maize, sugarcane, rice and tea), 8 urban and 13 natural
sites (potentially no anthropogenic influence). Out of the 580 target compounds,
188 and 64 compounds were detected in water and snails, respectively. In snails,
oxypurinol showed the highest concentrations (up to 3.3 g g' snail) while acetyl-
sulfamethoxazole (up to 23 g L") was detected mostly in the water samples.
Acetyl-sulfamethoxazole is a metabolite of sulfamethoxazole which is used to
treat several bacterial infections. The snails showed the capacity to act as passive
samplers of the contaminants therefore giving a holistic view of chemical status in
aquatic ecosystem as compared to grab samples which are time dependent. Further
steps will involve evaluation of sediment data, determination of chemical
activities, toxic units calculation and pattern analysis. The results of this study will
shed light on the occurrence levels and toxicities of the pollutants present within
the aquatic system in western Kenya.
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Bioassay-based profiling of steroid- and dioxin-like activities in French river
waters using grab and integrative sampling

C. Chardon, INERIS; E. Maillot-Maréchal, INERIS / UMRI SEBIO ECOT; B.
Piccini, INERIS; A. Daval, C. Miege, Irstea Lyon; E. Nogl-Chéry, C. Tixier, 1.
Allan, IFREMER; F. Brion, INERIS / Ecotoxicology Unit; S. Ait-Aissa, INERIS /
UMRI SEBIO ECOT

Effect-based methods (EBM) are relevant tools to monitor chemical quality of
aquatic systems as they provide integrative assessment of contamination
components and inform on hazard associated with complex mixtures. In the frame
of a French national program aiming at demonstrating the operational
performance of passive sampling to monitor priority chemicals in surface waters,
we applied a panel of in vitro bioassays to investigate 1) the occurrence of steroid-
and dioxin-/PAH-like activities, 2) their distribution in the water column using
grab sampling and integrative passive sampling. In addition, we looked into the
relevance of in vitro estrogenicity in the water as compared to established trigger
values and in vivo assessment in zebrafish. Twenty surface water sites of different
anthropogenic pressures were studied. For each of them, both grab (dissolved
phase and particulate matter) and integrative sampling (POCIS and Silicone
Rubber membranes) were performed over a 15 days period and organic extract of
each sample was analyzed with the bioassays. /n vitro toxicity profiles in grab
water organic extracts showed contrasted contamination patterns depending on the
time of sampling (TO and T15) and the studied sites. Estrogenic and PAH-like
activities were the most occurent activities, while glucocorticoidic and anti-
androgenic ones were detected at specific sites. No androgenic activity was
detected. PAH-like activity was associated with both the dissolved and particulate
matter phases while endocrine activities were only found in the dissolved phase.
At some sites, in vitro estradiol-equivalents were found above the generic trigger
value considering environmental risk (0.4 ng E2Eq/L). For 7 sites out of the 10
tested in vivo, activities were coherent with those predicted by in vitro bioassays.
The present study highlights the relevance of combining a set of effect-based tools
and smart sampling to monitor site-specific contamination of surface water
chemical quality and the partitioning of measured activities in the water column.
Our approach further includes in vivo mechanism-based assays, which enhances
the toxicological relevance of the assessment. Comparison of our data with
established trigger values for some activities will be discussed. Finally, ongoing
chemical analyses of more than 100 priority substances, including estrogenic
hormones, will allow the determination of their contribution to the biological
activities detected.
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Antibiotics screening assay: strain selection for validation and application to
environmental samples

T. Jonkers, VU University / Environment & Health; L. Schalkwijk, Vrije
Universiteit Amsterdam / Environment & Health; J. Luirink, D. Bald, Vrije
Universiteit Amsterdam; C.J. Houtman, The Water Laboratory; J. Kool, Vrije
Universiteit Amsterdam / Biomolecular Analysis and Spectroscopy; M. Lamoree,
T. Hamers, Vrije Universiteit Amsterdam / Environment & Health

Chemicals of emerging concern (CECs) are mostly water-soluble chemicals that
have just been or are yet to be identified as contaminants, and are often not
included in routine monitoring programs. Toxicological and physicochemical data
of these substances are usually lacking, complicating risk assessments for
environmental and human health. The identification and risk characterization of
CECs may indicate the need for new or additional regulation. Antibiotics are
CECs as they are pharmaceuticals that are not fully removed from waste water and
can exert biological effects, even after transformation. Their input in the
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environment is continuous - they are used in many fields such as aquaculture,
agriculture, veterinary and human medicine - and made to be biologically active at
low concentrations. An indirect consequence for public health of antibiotic
presence in the environment is the selection for resistant bacteria. Target analyzed
chemicals often explain only a fraction of the effect observed in a specific
bioassay. Hence there is a need to identify other potent chemicals responsible for
such measured effects. We aim to develop a bioassay that detects the presence of
antibiotic-like compounds in (water) extracts and can be used as high-throughput
assay in effect-directed analysis. Bioassay-guided identification of antibiotic-like
compounds may result in the identification of unknown compounds with antibiotic
properties, or metabolites and transformation products of antibiotics. Four Gram-
negative and three Gram-positive strains were selected based on increased
susceptibility to antibiotics or their particular read-out, such as constitutive
expression of luminesence or green-fluorescent protein (GFP). Further, the use of
resazurine as indicator of metabolic activity was determined. The bacteria were
exposed to serial dilutions of antibiotics and the MIC90 was determined as the
minimum test concentration causing >90% inhibition of growth compared to a
control. Two bacterial strains were selected for further development of a bioassay,
that can be used for the identification of antibiotic-like compounds with effect-
directed analysis. The available read-outs for these strains are bacterial density
and resazurine reduction. In the presentation, we will demonstrate the sensitivity
of these strains to antibiotics with high use in the Netherlands (>50,000 users a
year). In addition, assay results will be presented with spiked and field samples.

Ecotoxicology of Nanoplastics: Mechanistic Approaches to
Understand Their Risk for the Environment and Human
Health
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The effect of chemical and biological conditioning on the chemical toxicity of
microplastics to Daphnia magna under various exposure conditions.

K. Reilly, The University of Birmingham; F. Nasser, University of Birmingham;
L.A. Ellis, The University of Birmingham / GEES; J. Sadler, The University of
Birmingham / Geography Earth Environmental Science; I. Lynch, University of
Birmingham / Geography Earth Environmental Science

Microplastics are a widespread pollutant of concern that are found in aquatic
environments across the globe, including in arctic sea ice, coral reefs and deep
ocean trenches. There has been increasing scientific research on this topic in
recent years which has led to societal and media engagement and ultimately policy
and industry changes. The research to date has demonstrated the toxic potential of
microplastics in the environment, which usually manifests as a dose-dependent
response. This research explores the potential effects of polyethylene spheres (PE)
when combined with selected substances of environmental concern (DEET,
Triclosan and Diclofenac) on the model organism Daphnia magna (water flea).
This research compares toxicity under different exposure conditions to ascertain
the potential combined (mixture) toxicity effects under realistic (competitive)
exposure conditions with both chemical and biological molecules. Corona
formation due to biomolecule adsorption onto plastic particles changes their
surface characteristics which can affect subsequent biological and chemical
interactions. We compare the effect of different chemical and biological
conditioning scenarios on PE particles and the combined effects on Daphnia
magna. Chemicals were selected from different groups to explore a range of
potential effects included insecticide (DEET), antibacterial (Triclosan) and
pharmaceutical (Diclofenac). The study was broken into 3 main questions aiming
to assess any variation in effects due to the sequence and combination of
exposures; 1) What effect does competitive binding have on the adsorption of
chemical (co-pollutant) and proteins onto the plastic surface when exposing the
plastics to mixture of chemical and Daphnia-conditioned medium. 2) How much
co-pollutant will be adsorbed into the eco-corona of a preconditioned microplastic,
therefore increasing the chemical load? 3) Does the protein corona offer a
pathway to reduce toxicity by displacing any of the chemicals on a previously
chemically conditioned microplastic, therefore decreasing the co-pollutant load?
Toxicity effects were classified using a range of standard OECD tests and end
points. The effect that the artificial chemical and natural biological conditioning of
the microplastics has on chemical adsorption and desorption rates were key
elements of this study, to ascertain how contaminated microplastics may form part
of a more complex pollution issue in the natural environment.
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Biointeractions and toxicity of microparticles from waste plastics in in vitro
and in vivo systems

P. Mantecca, University of Milano - Bicocca / Department of Earth and
Environmental Sciences; M. Saibene, P. Bonfanti, A. Colombo, University of
Milano Bicocca

Microplastics (MPs) represent a worldwide concern toward human and
environmental health due to their intentional or unintentional release.
Environmental MPs are irregular in size, shape and composition. These
characteristics make the study of the biological impact of heterogenous MPs of
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extremely high relevance to better estimate the real toxicological hazards deriving
from human and environmental organisms exposure. In the present we used
micrometer-sized plastic particles obtained by the fragmentation of plastic wastes
of a miscellaneous origin. From the collection and treatment of these plastic
fractions is possible to achieve a second-generation plastic material in a granulated
form, mailnly constituted by micrometer-size granules. The smallest fractions of
the plastic granules, considered as representative of the environmental MPs, have
been used to perform toxicity tests using in vitro and in vivo systems
representative of an inhalation and aquatic exposure scenarios respectively. The
plastic granulates were mechanically grinded in lab to obtain MP fractions of <
100 ym and < 50 gm. MPs where morphologically charaterized by light and
electron miscroscopy techniques and by ATR-FTIR spectroscopy. To evaluate the
inhalation toxicity, cell viability and pro-inflammatory responses were evaluated
in human alveolar A549 cells. To evaluate the toxicity toward aquatic organisms,
amphibian Xenopus laevis embryos exposed to MPs were scored for mortality,
malformations and growth retardation. Embryos were also histologically analysed
to evaluated MP-tissues interactions. MPs resulted very irregular in size and
shape, and mainly constituted by PE and PP. The effects on A549 cells resulted
size-dependent, with the smaller MPs inducing decrease in cell viability and
increase in pro-inflammatory cytokine release. MPs did not induce significant
lethal and malformation effects in developing Xenopus embryos, while some
embryos showed abnormal gut coiling. MPs accumulated into the gut, where
lesions at the intestinal mucosa level were evident, together with MPs in contact
and/or internalized into epithelial cells. The present results highlighted the
importance to study the effects and the biological mode of action of environmental
MPs, which greatly vary in size, shape and polymer composition. The mechanic
stress toward epithelial cells may represent a triggering event for the pro-
inflammatory response.
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Nanoplastic trophic transfer and dietary effect using plant and snail in
terrestrial ecosystem

Y. Chae, Konkuk University; Y. An, Konkuk University / Department of
Environmental Heath Science

Plastic pollution in soil environment has increased and the concerns about their
effects on soil ecosystem are getting attentions in these days. Especially, among
plastic wastes, small sized plastic particles like microplastics (MP, < 5 mm) and
nanoplastics (NP, < 1 um) are getting a lot of attentions. Researchers are focusing
on the fate, distribution, and ecological impacts of these plastics. In this study, we
investigated the adverse effects of NPs on the organisms in soil ecosystem and the
transfer of NPs in the food chain containing crop plant Vigna radiata and snail
Achatina fulica. During 14 days, A. fulica consumed V. radiata which had grown
in the NP contaminated soil for 10 days. After exposure, we investigated the
adverse effects of NPs on V. radiata (shoot and root growth) and the distribution
of NPs in plants transferred from soil to plant. We also investigated the impacts of
NPs on A. filica (growth rate, food consuming time, and histopathology) and NP
ingestion and egestion via food exposure. In results, NPs entered the plants and
transferred to snail through food chain. NPs also induced the growth of plant
(decrease of diameter of root). In the case of snail, the growth (weight) of 4. fulica
exposed to high concentration of NP significantly decreased and food consuming
time of exposed snail significantly increased (high concentration only) from 4th
day of exposure. This can be the evidence of disturbance effects of NPs on the
motion of snail. Additionally, damaged tissues were observed in the organs from
NP exposed snail and NPs were detected in the feces of A. fulicaunder fluorescent
microscope. This indicates that indirect or secondary pollution can occur through
ingestion and egestion activities of organisms in soil ecosystem. We confirmed
that both direct and food exposure of NPs can induce adverse effects of soil
organisms and NPs can be transferred via food exposure in soil

ecosystem. Acknowledgement - This research was supported by Basic Science
Research Program through the National Research Foundation of Korea (NRF)
funded by the Ministry of Science, ICT, and future planning
(2016R142B3010445).
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Environmental risks of nanoplastics? Defining a size threshold for assessing
intake of plastic particles in tissues, organs and cells.

T.C. Schell, IMDEA Water Institute / Ecotoxicology; A. Rico, IMDEA Water
Institute / Aquatic Ecotoxicology; M. Vighi, IMDEA Water Institute / Earth and
Environmental Sciences

Plastic pollution is a problem of critical environmental concern and comprises the
majority of anthropogenic debris in the environment, including macro, micro, and
nanoplastics. So far, the definition of macro, micro and nano-plastics is based on a
pragmatic choice. According to one of the most commonly used definitions,
microplastics are in the range of 5 mm to 1 mm, while fragments below 1 mm are
classified as nanoplastics. However, this classification does not entail any
ecological or functional justification. Microplastics may be ingested by animals
and may have physical effects of various types. Moreover, they may absorb
bioaccumulative toxic chemicals that could be released into the intestinal tract, the
so called “Trojan horse” effect. However, microplastics are chemically inert
particulate material and cannot cross cell membranes and bioaccumulate. So far,
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there is some evidence that nanoplastics can enter living cells and bioaccumulate.
The objective of this study is to experimentally determine at which size threshold
plastic particles may be able to cross the walls of the digestive tract of living
organisms, and thus enter cells and bioaccumulate. A test is performed with one-
week old adult Daphnia magna individuals, in glass beakers with 100 ml ASTM
medium and polystyrene nanoparticles of 20, 50, 100, 200, 500, 1000 nm
diameter, labeled with Fluorescein. The test is performed in duplicate. The
approximated concentration of particles in the test medium ranges from about
10%ml (1000 nm diameter particles) to about 10''/ml (20 nm diameter particles).
The animals are exposed for 48 hours (three specimens) and 96 hours (three
specimens) in order to allow the ingestion of plastic particles in sufficient amounts
and to be translocated to other tissues and organs inside the animal. D. magna are
fed with Pseudokirchneriella subcapitata. The specimens collected after 48 hours
and at the end of the experiment are sacrificed and fixated with formalin. The
presence of plastic particles in the digestive tract and in tissues is examined with
Confocal Laser Scanning Microscope (CLSM) to evaluate the bioaccumulation
capability of different plastic particles. The results of this study may contribute to
the development of a more relevant definition to assess the risks of nanoplastics
for ecosystem’s and human health
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What's on the outside matters - surface charge and transformations affect
toxicity of polystyrene nanoparticles to C. elegans

C.L. Schultz, Centre for Ecology and Hydrology; J. Baas, D. Spurgeon, Centre for
Ecology & Hydrology

With increasing concern about the occurence of plastic particles in the
environment, the need to identify the physicochemical properties influencing their
toxicity has been recognised. Whether materials at the nanoscale are released as
particulates or occur through the weathering of larger plastics once in the
environment, they are subject to (further) transformations in waste streams and
natural systems. Initially, such processes likely occur at the particle surface
through the attachment of molecules present in these systems, thus altering the
interactions at the bio-nano interface. Investigating particles with varying surface
coatings may shed light on the influence of such interactions on observed toxic
effects. In this study, we tested the toxicity of 50nm polystyrene nanoparticles
with different surface charges on life history traits of the nematode
Caenorhabditis elegans. Exposures were carried out from egg and nematode
lifespan, growth and reproduction measured over time. Differences in the toxic
effects of the pristine materials were established. Positively charged (amine
coated) particles were found to exert the greatest toxicity, followed by the neutral
(unfunctionalised) particles, whereas negatively charged (carboxyl coated)
particles did not influence nematode fitness at the tested concentrations. Further,
the aim of this study was to understand how the absolute and relative toxicity of
nanomaterials with different starting characteristics change once they have been
aged in soil pore waters, in particular how environmental transformations may
lead to a convergence of observed toxicities as compared to those of pristine forms
under standard laboratory test conditions. To address this, in addition to the assays
with “pristine” particles, exposures will be conducted with nanoparticles
incubated in pore waters extracted from a field soil for a week prior to testing.
Dynamic energy budget toxicity (DEBtox) modelling will be applied to analyse
toxic responses with regard to resource allocation. The DEBtox approach uses
time resolved data to derive toxicity parameters, e.g. the no effect concentration,
which can be used to compare the effects of particle surface properties within each
test condition as well as across the pristine and aged exposures. Together, this data
will be used to provide insights into the influence of surface coatings and changes
thereof in natural systems on nanoplastic toxicity and associated processes.
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Fate and Effects of Metals: Advances in Metals Risk
Assessment and Regulatory Guidance (lll)
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MONITOOL: new tools for monitoring the chemical status in transitional
and coastal waters under the Water Framework Directive

1. Mentxaka, FUNDACION AZTI/ Marine Research; B. White, DCU Water
Institute, Dublin City University / Chemical Sciences; I. Amouroux, Cellule ARC-
IFREMER / Département Biogéochimie et Ecotoxicologie; M. Belzunce Segarra,
AZTI Foundation / Marine Research; P. Bersuder, Centre for Environment,
Fisheries and Aquaculture Science (Cefas); A. Bettoschi, Department of Medical
Sciences and Public Health; T. Bolam, Marine Research Division, AZTI-Tecnalia;
M. Caetano, IPMA 1.P.; 1. Carvalho, M.M. Portela Correia dos Santos Romao,
Centro de Quimica Estrutural, Instituto Superior Técnico; J. Franco, AZTI
Foundation / Marine Research; J. Gonzalez, S. Guesdon, IFREMER, Département
Biogéochimie et Ecotoxicologie; J. Larreta, AZTI Foundation / Marine Research
Unit; B. Marras, Department of Medical Sciences and Public Health, University of
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Cagliari; B. McHugh, Marine Institute; D. Merkel, Scottish Environmental
Protection Agency; V. Milldn Gabet, Departamento de Agua, Instituto
Tecnoldgico de Canarias; N. Montero, Department of Medical Sciences and
Public Health, University of Cagliari; M. Nolan, DCU Water Institute, School of
Chemical Sciences; O. PERCEVAL, French National Agency for Water and
Aquatic Environments / Research and Development Directorate; f. Regan, Dublin
City University / Chemical Sciences; C. Robinson, Marine Scotland Science /
National Health and Environmental Effects Research Laboratory; M. Rodrigo
Sanz, Departamento de Agua, Instituto Tecnoldgico de Canarias; J. Rodriguez,
AZTI Foundation; N. Rosa, IPMA, Portuguese Institute for Sea and Atmosphere;
M. Schintu, University of Cagliari / Dipartimento di Sanita Pubblica, Medicina
Clinica e Molecolare

1. Introduction MONITOOL[1] is a European project formed by 17 Partners
covering the Atlantic region from the Canary Islands to the Scottish Highlands
and Islands, and one Partner from the Mediterranean region. The main driver of
this project is to respond to European Water Framework Directive
(WFD)(2000/60/EC) demands for the assessment of the chemical status (CS) of
transitional and coastal waters. The WFD establishes that the CS of water bodies
must be determined by the comparison of the concentrations of priority substances
with Environmental Quality Standards (EQSs), mainly based on the collection of
spot water samples. Diffusive Gradient in Thin Films (DGT), and passive
samplers (PS), in general, are already widely used in investigative monitoring and
there is an interest in their use in the context of the WFD. The main barrier
hindering the regulatory acceptance of PS is the lack of appropriate EQS: EQSs in
water are defined in the dissolved fraction, preventing the use of DGT-labile
concentrations. Thus, the overall objective is to adapt the already existing EQSs
for water to those for DGTs, enabling their use for regulatory monitoring. 2.
Materials and methods In 2018, two campaigns were carried out in winter (rainy
season) and in summer (dry season); simultaneous deployment of DGTs and high-
frequency collection of spot water samples were carried out. The sampling
campaigns were performed in 4 selected sites (transitional and coastal sites) in
each of the 8 European regions (32 sites in total). At the estuarine sites, water
samples were taken every day in high and low tide during the DGT deployment
period (5 days). All partners used the same DGT supplier and followed the same
sampling and analysis protocol. Physico-chemical parameters in water were
measured every sampling day. Priority metals (Cd, Ni, Pb) and other specific
metals (Al, Ag, Cu, Cr, Co, Fe, Mn, Zn) were analysed in waters and in the DGT
resins. 3. Preliminary results From winter campaign, 230 seawater samples and
140 DGT samples from the 8 consortium regions were analysed. Physico-
chemical data and metal concentration results are being collected in a common
data base. Preliminary statistical analysis were applied to first results to study
relationships between metal concentrations in DGT and in spot water samples. In
a final step, suitable EQS for DGTs will be calculated based on the statistical
relations obtained previously. [ 1]https://www.monitoolproject.eu/
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Evaluation of Effects Based Methods for Regulating Metals in Aquatic
Ecosystems

K. Brix, EcoTox / Marine Biology and Ecology; S. Baken, European Copper
Institute; J. Mertens, EPMF; C. Cooper, International Zinc Association /
Department of Marine Sciences

The European Union is currently evaluating the use of Effects Based Methods
(EBMs) as part of a more integrative strategy for regulating a number of
substances of concern under the Water Framework Directive. This paper evaluates
the use of thirteen EBMs that have potential for being applicable for the regulation
of metals. Each EBM was evaluated with respect to three criteria: a) metal
specificity and sensitivity; b) sensitivity to other classes of toxicants; and c) the
strength of the relationship between effects measured by the EBM and effects
observed at higher levels of biological organization, such as the individual or
population level. The evaluation concluded that none of the EBMs evaluated met
all three criteria. The current EU approach of regulating metals is based on
Environmental Quality Standard (EQS) assessments (where necessary and where
possible, corrected for bioavailability). This approach is sensitive only to metals
and has strong links to effects at the individual and population level. It does not,
however, consider the integrated effects of metal mixtures on aquatic systems.
Given the lack of suitable EBMs for metals, one recommendation would be the
continued development of bioavailability models for predicting the toxicity of
metal mixtures. Such bioavailability-based metal-mixture models may be the most
effective way to achieve the goal of a more holistic approach for regulating metals
in aquatic ecosystems.
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Correcting for metal bioavailability in European freshwaters: where do the
data come from to make this happen?

LA. Wilson, A. Peters, G. Merrington, wca; A.C. Ryan, Windward Environmental
LLC; B.A. Stubblefield, Oregon State University / Environmental and Molecular
Toxicology

In this presentation we will outline the process and outputs from a project in
which we have collated and assessed data collected by member states for
freshwaters across Europe from which bioavailability correction can now be
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made. These data can be used for future bioavailability assessments and to provide
context for individual member states, especially where river basins cross national
boundaries. This project also provides an opportunity to identify gaps in data
coverage and allows member states to target and prioritise resources to enable
robust trace element bioavailability compliance assessment. A step-wise process
was followed to systematically obtain, screen, and quality assess the available
data. Data obtained were from EU member states, via various sources including
centrally hosted data archives, data compiled by the European Environment
Agency (EEA), contacts at environment agencies through-out Europe, and direct
contact to environment agencies. Initial data searches focused on obtaining as
much information as possible; the targeted information was separated into
categories. Essential data were pH, DOC and Ca; desirable data were Mg, Na, K,
Cl, SO47, total and dissolved Cu, total and dissolved Ni, total and dissolved Zn
and total and dissolved Pb, and added value data were conductivity, hardness, Fe,
Al and other trace elements. After compilation, an initial screening was performed
in terms of having the primary relevant sample/site, information and the specific
‘essential data’. Following the screen, a quality assessment was implemented; this
assessment was based on the ECHA guidance on the use of measured data and
particularly on requirements for the use of measured data. Initial results show that
although large amounts of data are generated on water quality throughout Europe;
the public availability of these data, the determinands assessed, and the quality of
the data is hugely variable. Where high quality data are available, it can be used
for performing bioavailability assessments, which indicate areas that may be
specifically sensitive to metals, both within Europe and within member states.
Furthermore, by collating all available information, and by retaining datasets with
data-gaps, areas where key parameters are either not measured, or are of poor
quality, and significantly hampering the bioavailability assessments of waters are
identified.
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Validation of Bio-met for the site specific bioavailability normalisation of
EQS for copper, nickel, and zinc

A. Peters, G. Merrington, [.A. Wilson, wca; F. Verdonck, ARCHE; C. Nys, Arche
consulting / Laboratory for Environmental Toxicology and Aquatic Ecology
GhEnToxLab unit; C. Cooper, International Zinc Association / Department of
Marine Sciences; F. Van Assche, IZA; S. Baken, European Copper Institute; C.E.
Schlekat, NiPERA

Bio-met is a user-friendly tool which has been developed to simplify the process
of adjusting European Environmental Quality Standards for metals in freshwaters
for local bioavailability conditions. An important aspect of why Bio-met is that it
removes the need for users to have expertise in metal speciation, ecotoxicology,
and bioavailability in order to obtain bioavailability normalised results. This is
achieved by using look-up tables of previously performed calculations with the
tool selecting the most appropriate result from the look-up tables according to the
water chemistry conditions. The results which Bio-met provides convert the EQS-
bioavailable which is expressed as “bioavailable metal” into a site specific local
HC;s value which is expressed as a “dissolved metal” concentration and can be
compared against monitoring data. At the same time, Bio-met calculates the
corresponding bioavailable fraction of the measured (dissolved) concentration of
the metal. There are a number of ecotoxicity studies which have been performed
in field collected natural water samples in order to provide validation evidence for
the Biotic Ligand Models (BLMs) which have been developed to predict metal
bioavailability for individual species in natural waters. These studies are available
for the same species as where used for BLM development, and in some cases also
for other species to which the BLMs are applied. This work makes clear the
connection between the validation tests using field collected natural waters and the
local HCs which is calculated by the user-friendly tool Bio-met, by calculating the
local HC;s for the waters used in the BLM validation studies. When the calculation
is performed using the full BLMs the EC10 value for each individual species is
calculated in order to generate the site specific SSD from which the local HCs is
derived. Bio-met provides users with the end result only, i.e. the local HCs (or
bioavailable metal concentration), without providing the intermediate calculations
which are used to compile the SSD.
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A framework for metals read-across: a case study with cobalt carboxylate
compounds

B.A. Stubblefield, Oregon State University / Environmental and Molecular
Toxicology; P. Marsh, CL; P. Campbell, Université du Québec / INRS Eau Terre
Environnement

Regulations such as the European Union’s REACH

(Registration, Evaluation, Authorisation and Restriction of Chemical Substances)
Regulation and the US’s Toxic Substances Control Act (TSCA) require a greater
understanding of the use and disposal of chemicals in the environment. All require
greater information and the development of more empirical data regarding the fate
and toxic properties of chemicals in commerce and in the environment. Satisfying
these goals requires either the development of vast amounts of chemical specific
data or the evaluation and estimation of the chemical and toxicological properties
of these substances. Couple with this need for data, the increasing pressure to
comply with societal desires to reduce the amount of animal testing conducted,
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and it is clear that alternate approaches must be developed. One potential approach
is to estimate the properties of one “target” chemical, based upon information
developed for a similar “source” chemical, a “read-across” approach. Metals, in
particular metal salts with inorganic and organic acids, present a unique case for
application of a read-across approach. For the most part, current regulatory
approaches for control of aquatic metals concentrations are based on measured
metals concentrations and then, with some exceptions, are based on the
operationally defined “dissolved” fraction. Toxicity testing is typically conducted
using readily soluble metal salts and test results are evaluated using measured
dissolved metal concentrations; resulting regulatory standards are for the
measured metal. In general, this approach assumes that the test material will
dissociate in water into its cationic and anionic components and that the
toxicological effects observed can be attributed to the components or any
bioavailable (i.e., dissolved) species formed. Results from these tests are used to
interpolate to other metal salts based on the measurement of dissolved measured
metal concentrations. The validity of this approach has been evaluated for select
cobalt compounds. Chronic toxicity studies were conducted with a range of
cobalt-containing salts and results compared with tests performed on a cobalt
inorganic salt, cobalt dichloride. A framework for the evaluation of metals salts, in
general, will be proposed.
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Derivation of a protective threshold value for silver towards freshwater
organisms

K. Arijs, ARCHE

Driven by EU REACH and the EU Water Framework Directive (WFD), the
dataset of available chronic freshwater data for silver was re-evaluated using strict
quality criteria. In addition, a testing program was established to generate new
chronic ecotoxicity data with potentially sensitive species in order to strengthen
the species sensitivity distribution (SSD) for silver. Tests were performed with the
plant Lemna minor (7-day growth rate test, OECD TG 221), the

cyanobacteria Anabaena flos-aquae (72-hour growth rate test, OECD TG 201) and
the rotifer Brachionus calyciflorus (48-hour population growth rate test, APHA
test procedure 8420). The critical review of chronic freshwater toxicity data for
silver and the additional testing has strengthened the SSD for silver (covering 17
species in 12 taxonomic groups). The dataset includes data for cyanobacteria,
which were considered to be particularly sensitive to silver (cfr. anti-microbial
properties of silver ions). The corresponding reasonable worst-case PNEC is 0.042
ng Ag/L (<045 pum fraction), and is 2.4 times lower than the lowest EC g in the
SSD (P. subcapitata). The PNEC is considered adequately protective for sensitive
freshwater organisms. Furthermore, the silver PNEC is conservative in terms of
bioavailability: the selected chronic toxicity data typically reflect conditions of
high bioavailability, with hardness and DOC well below median values in EU
natural waters. Industry is currently considering the development of a
bioavailability model for silver. The resulting revised freshwater chronic PNEC
will be included in the REACH registration dossiers for silver and silver
compounds, and is being fed into the discussions ongoing at European
Commission level, where silver is being considered as a potential priority
substance under the EU WFD.

Modelling and Monitoring of Pesticides Fate and Exposure in
a Regulatory Context (Il)
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How the multi-year FOCUS surface water modelling will change the risk
assessment

B. Kind, J. Kleinmann, K. Billau, WSC Scientific GmbH

For the registration of plant protection products in the EU, a safe use with regard
to surface water and sediment organisms needs to be demonstrated. The FOCUS
work group developed a stepwise approach. At step 3 different models for
drainage, runoff and spray drift entry into different surface water bodies were
combined. Due to limitations of these models, the modelling period was limited to
12 - 16 months. Currently the possibility to run multi-year simulations at step 3 is
discussed and an approach was presented by EFSA (2018). In the present study
multi-year runs were performed using AutoPEC SW to evaluate the possible
consequences of an extension of the modelling period for the final risk assessment
in surface water and sediment. In the draft scientific report EFSA proposed to
implement a number of changes to the exposure calculation in surface water and
sediment independent of the extension of the run-time. Some of these adaptations
like omitting the Pesticide Application Timer (PAT) or using 90™ percentile drift
deposition for each individual application were applied to exposure calculations.
The resulting PEC values used for the aquatic risk assessment are compared and
discussed in this presentation. Additionally, various temporal percentiles for the
exposure assessment were evaluated using exposure profile analysis conducted
with the software PEC Robot to compare the resulting PEC values with the actual
exposure over the whole modelling period. It turned out that weather conditions
do have an impact on the amount of substances reaching surface water and
sediment via drainage and runoff. Hence, the selection of the application dates
based on a PAT seems to be reasonable and should be used also for the multi-year

53



assessment. For calculations with unrealistic application dates (without PAT) it
was found that the use of the 80" percentile PECsw from all simulation years
results in a more balanced PECsyw than the maximum PECsw of all simulation
years, since the maximum PEC may overestimate the exposure to aquatic
organisms. However, an exposure profile analysis has shown that the 80"
percentile PECsw from multi-year simulations is only protective if there is just a
short, single exposure peak while it may not be protective enough when a single
peak lasts for a longer period. The selection of an appropriate endpoint from PEC
simulations will be discussed.

248

Retention of veterinary antibiotics and herbicides in biochar amended
tropical soils

G.0. Aldana, Newcastle University / School of Natural and Environmental
Sciences; C. Hazlerigg, Enviresearch Ltd; E. Lopez-Capel, Newcastle University /
School of Natural and Environmental Sciences; D. Werner, Newcastle University
/ School of Engineering

Agrochemicals have long been used as an effective method to optimize food
production in tropical regions. However, the improper use of agrochemicals have
been found to cause detrimental effects to natural ecosystems and human health
due to their tendency to contaminate surface, ground and drinking water. Biochar
has been reported to reduce the leaching of agrochemicals in soils. Studies observe
that the potential to reduce leaching is determined by the biochar, agrochemical,
and soil properties. The aim of this study is to identify biochar materials that will
retain agrochemicals from leaching in tropical soils, therefore reducing their
environmental impact. Since the sorption capacity of biochar materials vary
depending on temperature and feedstock, this study tested the sorption properties
of rice husk, miscanthus straw and softwood pellet biochars produced at 700? to
remediate three veterinary antibiotics (enrofloxacine, tetracycline,
oxytetracycline) and two herbicides (atrazine and diuron) from contaminating
three contrasting tropical soils. Batch studies were carried out and leachates were
analysed using High Performance Liquid Chromatography (HPLC). Results
showed that amongst all three biochars, rice husk biochar displayed the highest
absorption for all agrochemicals tested. Tetracycline held the highest absorption
distribution coefficient (K4) of 5.29 m*kg amongst the veterinary antibiotics,
while diuron held the highest Ky of 1.13 m*/kg amongst the herbicides studied. In
addition, soils amended with rice husk biochar (2.5% w/w) showed an absorption
increase for all agrochemicals. This increase was more pronounced for atrazine in
biochar amended loam and sandy silt loam soils. The impact of biochar use on the
regulatory risk assessment of agrochemicals was explored further by manipulating
soil characteristics in the PEARL model using standard groundwater scenarios
(Sevilla and Thiva) with properties of these biochars such as organic carbon, bulk
density and hydraulic properties. Incorporation of these biochars in the PEARL
model resulted in reduced Predicted Environmental Concentrations in
groundwater (PECgw). In conclusion, applying biochar could provide a cost-
effective risk mitigation strategy for agricultural stakeholders. Further studies
must be dedicated to exploring the sorption effects of biochar in a tropical climate
at the field scale.
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Sorption and degradation of diflufenican in the urban environment

S.B. Svendsen, Aarhus University / Enviromental science; P. Carvalho, Aarhus
University, Department of Environmental Science / Department of Environmental
Science; U. Bollmann, Geological Survey of Denmark and Greenland /
Environmental Science; L.E. Jensen, Aarhus University / Environmental Science;
C.N. Albers, Geological Survey of Denmark and Greenland / Department of
Geochemistry; B.W. Strobel, University of Copenhagen / Plant and
Environmental Sciences; C.S. Jacobsen, Aarhus University / Department of
Environmental Science; K. Bester, Aarhus University / Environmental Science
Diflufenican is a herbicide approved for use in agricultural and urban areas. The
approval is based on data obtained for cultivated soils only, while limited
knowledge is available on its fate in urban areas. Urban soils typically contain low
amounts of organic matter and microorganisms — a situation known to decrease
sorption and degradation of many herbicides. In the present study, sorption,
mineralization and degradation of diflufenican were investigated on laboratory
scale, using a typical urban gravel and a cultivated soil sampled in Denmark.
Sorption and degradation were studied for diflufenican and its two aerobic
metabolites AE-B and AE-0, while mineralization studies were solely for
diflufenican. Diflufenican sorbed strongly to the soil (K = 96) and much less to
the gravel (Kr=9), while the two metabolites showed much less sorption than
diflufenican (Kr = 3.8 and K= 0.63 in soil for AE-0 and AE-B, respectively, and
Kr=1.1 and Kr=0.53 in gravel for AE-0 and AE-B, respectively). Cumulated
over the entire experiment, no mineralization was detected in the gravel, while
only approximately 10% of the initial diflufenican concentration had been
mineralized in the soil. Diflufenican, AE-B and AE-0 all showed a slower
degradation in soil than in gravel. AE-B was formed from diflufenican
degradation in both soil and gravel. In the soil there were no indications of
accumulation of AE-B, however, in gravel, AE-B kept accumulating over a period
of 150 days. The data obtained in the present study shows a situation with limited
sorption of diflufenican and its two aerobic metabolites in gravel. Furthermore, no
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mineralization and only a slow degradation could be detected in gravel, giving rise
to the concern for an elevated risk of leaching and groundwater contamination in
urban areas. This is of especial concern for the highly mobile metabolite AE-B,
which formation pattern in gravel showed no indications of reaching a plateau
during the 147-days study period.
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How to Design, Implement and Interpret Groundwater Monitoring Studies in
an EU Regulatory Context

D. Wallace, Syngenta; P. Sweeney, Syngenta / Environment Product Safety
Regulations in Europe offer a tiered system by which potential impact of the use
of an active ingredient on groundwater can be assessed through a variety of
differing options; modelling, semi-field and field. With the Tier 1 model and
parametrisation thereof becoming increasingly conservative, an increasing number
of higher tier evaluations of GW are being conducted and submitted to Regulatory
Authorities. As part of the SETAC group, a thorough revision of how different
types of monitoring studies could be conducted and the different protection goals
was reviewed. However, the SETAC-EMAG group therefore provided an
overview of different monitoring study designs but did not provide any practical
framework for interpretation or use in the Regulatory risk assessment. An EU
monitoring study was conducted to define a 90" percentile EU groundwater
concentration as outlined in SANCO/13144/2010 version 3 and demonstrate safe
use. Data evaluation reveals that 90™ percentile concentrations of S-metolachlor,
ESA (CGA354743) and OXA (CGA51202) to be below trigger, however has been
rejected as a design principle, and as such the study re-evaluated to FOCUS
scenarios. Instead, the current Regulatory evaluation considers only absolute max.
Building on the momentum of SETAC-EMAG, we propose a pragmatic but yet
conservative interpretation framework which will allow integration to the current
regulatory system.
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Comparison of AGDISP-predicted off field deposition for ground
applications using various nozzles and operational conditions

H. Rathjens, STONE EnvironmentalEngineering & Science,Inc. / Environmental
Modeling Systems; J.M. Brausch, BASF Corporation; M.F. Winchell, STONE
EnvironmentalEngineering & Science,Inc. / Environmental Systems Modeling; A.
Goetz, BASF Corporation

Nearly all pesticide spray applications result in some off-target drift due to wind
movement, spray solution characteristics, weather, and applicator decisions. In
2013, BASF conducted a field study to measure off-field drift from ground
applications of several compound-nozzle combinations. Based on the evaluation
of the data collected from this field study, the US EPA determined appropriate
spray buffers required to meet protection goals for effects to non-target plants. In
order to evaluate the drift potential of a wider range of nozzles and drift reducing
adjuvants (DRA), an analysis that combined wind tunnel experiments with drift
modelling was initiated to determine which combinations of nozzles and DRAs
would result in off-site deposition less than or equal to “benchmark” setups
analysed in the field study. As a first step, BASF conducted wind tunnel studies to
gather information on the produced droplet spectrum data for various nozzles and
tank additives. The second step of this assessment was to use the droplet spectra
from the wind tunnel experiments as inputs to the model AGDISP to predict
potential off-target drift deposition. The predicted spray drift depositions were
used to assess the nozzles and tank mix combinations for drift vulnerability by
comparing the model results to model predictions for the field study benchmark.
Using relative comparisons of AGDISP-modelled drift deposition results removed
any bias that might have arisen from the wind tunnel conditions at the time of the
experiment or that are inherit to the model used (AGDISP). The AGDISP model
results of over 3,000 treatments indicate that operational conditions such as
windspeed, use of DRAs, boom height, and nozzle type have a significant impact
on off-target drift deposition that should be considered as measures for mitigating
spray drift. The study demonstrated that results from field, wind tunnel, and
modeling experiments can be combined to determine which combinations of
nozzles, DRAs, and operational conditions could be used to meet protection goals.
It was further demonstrated that relative comparisons of ground application
AGDISP model results are an efficient method to assess the impact of various
parameters that can be used for mitigating off-target spray drift deposition.
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Fish Model Species in Human and Environmental Toxicology

(1)
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The visual impairments of zebrafish larvae induced by 2,2',4,4'-
tetrabromodiphenyl ether (BDE-47)

T. Xu, Tongji University / College of Environmental Science and Engineering; B.
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Zhang, Tongji University / College of Enivironmental Science and Engineering;
S. Wei, D. Yin, Tongji University / College of Environmental Science and
Engineering

The underlying mechanisms of adverse effects of flame retardant BDE-47 on
neurobehavioral toxicity were highly concerned, and our previous study indicated
that the changes of zebrafish locomotion were plausibly associated with their
affected visual sense. To investigate the relationship between BDE-47 exposure
and zebrafish visual impairments, a series of experiments covering molecular,
morphological and behavioural levels were designed and performed. First, we
utilized RNA sequencing to seek vision-related responsive genes of BDE-47
exposure, and validated the sequencing outcomes using qRT-PCR. Both results
declared BDE-47 could disrupt the expressions of light-sensitive opsin genes
which specifically exist in rods and cones of retina, and four mid-short wavelength
sensitive opsins (opnlswl, opnlsw2, opnlmwl, and rho) were most significantly
inhibited. The expression changes of opsins indicated an impaired spectral
sensitivity to blue-green light and dim light. Tissue sections and immunostaining
were adopted to provide morphological evidences for molecular clues.
Histologically, disorderly arranged photoreceptor layer (composed of rods and
cones) in retina were observed after BDE-47 exposure. photoreceptor layer,
bipolar cell layer and ganglion cell layer were thicker with a more sparse cell
distribution in BDE-47 treatments than in the control. Furthermore, decreased
rhodopsin fluorescence and unaltered fluorescence from red-green double cones
were observed, which were consistent with the changes of opsin genes. In the
section of behavioural testing, improved OKR and stumili-evoked escape
(looming) responses were employed. BDE-47 exposure significantly reduced the
larval OKR response to the blue light but not the mid-long waveband lights.
Additionally, larval left eyes had fewer movements than the right eyes after BDE-
47 exposure. Escape response is an excellent candidate test emphasizing the roles
of visual factors in behavior of animals living in real ecosystems. In the results,
the amounts of responsive fish significantly reduced with BDE-47 exposure,
reflecting BDE-47 impaired larval behavioral capacity with sensing ambient
visual stimuli. Our results indicated that BDE-47 exposure impaired zebrafish
larval vision (including color vision) development, and further altered larval
behaviours guided by vision, which provided adequate evidence to prove that
vision system was a novel and urgent toxicological target of environmental
pollutants.
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Can environmentally relevant neuroactive chemicals specifically be detected
with the locomotor response test in zebrafish embryos?

D. Leuthold, Helmholtz Centre for Environmental Research - UFZ GmbH /
Bioanalytical Ecotoxicology; N. Kliiver, Helmholtz centre for environmental
research - UFZ / Department of Cell Toxicology; R. Altenburger, UFC Centre for
Environmental Research / Department Bioanalytical Ecotoxicology; W. Busch,
Helmholtz Centre for Environmental Research - UFZ GmbH / Bioanalytical
Ecotoxicology

Chemicals considered as neuroactive (e.g. certain pesticides, pharmaceuticals,
industrial chemicals) represent one of the most diverse groups of bioactive
substances recently detected in European river catchments. Even though the
environmental presence of these substances raises concerns, the determination of
nervous system-specific effects has been limited using in vitro tests or
conventional endpoints including mortality. Thus, complementary approaches
such as neurobehavioral tests with alternative in vivo models like the zebrafish
embryo (ZFE) have been proposed. Here we present our new study where we
found that exposure of 4-5 days post fertilization (dpf) ZFEs to a set of 18
environmentally relevant compounds with various modes of action (MOAs) led to
concentration and time dependet behavioral effects. These behavioral alterations
were not restricted to chemicals primarily known to target the nervous system but
rather comprised of compounds with anticipated non-neuroactive MOAs too.
Furthermore, chemicals with an anticipated same MOA did not necessarily
provoke similar behavioral phenotypes. Therefore, a clear distinction of
mechanisms on the basis of locomotor patterns for the analyzed set of compounds
was not possible so far. Our results suggest that the acute MOAs of certain
environmental contaminants in ZFEs are not yet elucidated and that some of them
may have unknown neuroactive potentials whereas other compounds considered
as neuroactive in e.g. invertebrates may not act or act differently on the nervous
system in the ZFE. Furthermore, there is a need improve the specificity of the
light-dark transition test when aiming at using it as a diagnostic tool. In addition to
specificity of locomotor responses, we found that their sensitivity compared to
mortality within the same 24-hour time window (4-5 dpf) and even developmental
4- or 5-day exposure (0-4 or 5 dpf) was increased (>10-fold) for the majority (5/8)
of investigated neuroactive compounds but for none of the other substances. Our
results substantiate that locomotor behavior can represent a sensitive endpoint for
certain neurochemicals.
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Turquoise killifish (Nothobranchius furzeri) as a new model in behavioural
ecotoxicology

E. Thoré, L. Steenaerts, C. Philippe, KU Leuven; L. Brendonck, KU Leuven /
Laboratory of Aquatic Ecology Evolution and Conservation; T. Pinceel, KU
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Pharmaceuticals are essential for human wellbeing. However, due to their
increasing and continuous use, sub-lethal concentrations of pharmaceutical
compounds have already been detected in the aquatic environment. As these
compounds are designed to elicit specific biological effects at low concentrations,
standard ecotoxicity tests are unable to correctly assess environmental risks
associated with pharmaceutical pollution. Reproducible tests that are based on
sensitive behavioural endpoints and that accommodate a high ecological relevance
have been promoted to fill this gap. We assessed the impact of a three-week
exposure to the antidepressant fluoxetine on behavioural traits in Nothobranchius
furzeri (Turquoise killifish). Overall, this study shows that fluoxetine can impact
life skills, such as feeding behaviour, habitat choice in a novel environment and
antipredator response of N. furzeri individuals while effects on basic behavioural
traits were less clear. N. furzeri has recently been introduced as a novel model
organism for standard ecotoxicological tests and now its potential for behavioural
ecotoxicology is being explored.
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Copper nanoparticles impair the mechano-sensory based behavior of
zebrafish embryos (D. rerio)

M. Burkard, Eawag Aquatic Water Science / Southern Ocean Persistent Organoic
Pollution Program; Y. Yu, Nanjing Tech University; C.M. vom Berg, K.
Schirmer, Eawag Swiss Federal Institute of Aquatic Science and Technology /
Environmental Toxicology

Metal oxide nanoparticles such as copper-based engineered nanomaterials
(ENMs) are used in a wide range of commercial products and applications.
Herein, we investigated the impact of newly synthesized CuO-ENMs by assessing
different mechano-sensory based behavioral responses of zebrafish (Danio rerio)
embryos (ZFE). As a first step, we composed a CuO-ENM dispersion- and
exposure medium to mimic the natural environment of zebrafish by including
natural salts and natural organic matter. Larvae were exposed for 4 hours starting
at 96 hours post fertilization (hpf) to non-toxic concentrations of CuO-ENMs.
Upon exposure, neither locomotion (swimming distance) nor the startle response
(escape reaction upon vibration stimulus) were affected. To investigate the impact
of CuO-ENM:s on rheotactic behavior (counter flow swimming), we developed a
multi-channel flow chamber which allows simultaneous analysis of different
rheotaxis-related parameters: Larvae exposed to CuO (0.5 - 4 mg/L; Calibrate-
ENMs) spent less time within the inlet zone of individual channels, their head was
orientated against the flow for a shorter duration and their body was bent over 15°
for a longer time compared to the controls or low concentrations (0.125,0.25
mg/L). Overall, rheotaxis (orientation against the stream and avoidance of the
stream) was significantly reduced, which is likely due to the release of Cu-Ions.
Our data demonstrates that rheotaxis is a particularly sensitive endpoint for
behavioral responses to CuO-ENMs and warrants further investigations to
understand potential particle-specific effects. This research is performed as part of
the EU project “caLIBRAte - Performance testing, calibration and implementation
of a next generation system-of-systems Risk Governance Framework for
nanomaterials”.
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Systems toxicology approach for the assessment of imidacloprid neurotoxicity
in zebrafish

R. Li, Philip Morris International / UTOX Environmental Toxicology; M. Talikka,
Philip Morris International; S. Madan, Fraunhofer Institute for Algorithms and
Scientific Computing; J. Doerpinghaus, Fraunhofer Institute for Algorithms and
Scientific Computing; A. Zupanic, C.M. vom Berg, Eawag - Swiss federal
Institute of Aquatic Science and Technology / Environmental Toxicology; J.
Szostak, F. Martin, M.C. Peitsch, J. Hoeng, Philip Morris International
Transcriptomic approaches offer a lot of molecular detail and are increasingly
being used as part of a chemical toxicity assessment. However, assumptions must
be made that the abundance of mRNA corresponds to the abundance and activity
of corresponding protein. To address the above limitations we have developed a
comprehensive systems toxicology approach to evaluate neurotoxicity in zebrafish
larvae. We have chosen the insecticide imidacloprid for this assessment, because
if its ability to interfere with the function of the nervous system in fish. Our
systems toxicology approach relies on a network model coded in the Biological
Expression Language (BEL). BEL is a tool for representing published biological
experimental findings in a computable form by coding molecular relationships as
BEL statements. We have developed a biological network model describing
pathways that lead to neurotoxicity in zebrafish embryos. The network model is
composed of 623 observations curated from 90 publications. Biological processes
of autophagy, cell cycle regulation, oxidative stress, endocytosis and response to
hypoxia have emerged as the major drivers of neurotoxicity in larval zebrafish.
Key signaling nodes in the model, such as protein activities, are linked to
information about downstream gene expression. Transcriptomic analysis of genes
downstream of these nodes can be used to infer activity of the upstream protein —
a process termed network scoring. This approach avoids the assumption that
mRNA abundance corresponds to protein abundance and activity. Scoring of the
network highlights the most affected nodes by a given treatment which leads to
mechanistic hypothesis generation and gives a quantifiable measure of network
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perturbation. Behavioral analysis revealed that zebrafish larvae exposed to
imidacloprid move slower in response to light and vibrational stimuli. In
agreement with these data, proteomic analysis showed that proteins involved in
visual perception and muscle contraction are differentially expressed in exposed
individuals. We are now collecting transcriptomic data from zebrafish treated with
imidacloprid. These data will be used to score the neurotoxicity network to
determine how well the computational model can predict changes measured in
behavioral and proteomic experiments. Mechanistic insight gained from
computational scoring combined with phenotypical and proteomic analyses
provide a comprehensive method for linking molecular events to organ toxicity.
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Effect of chronic low doses of ionizing radiation on central nervous system
development of zebrafish

S. Murat El Houdigui, IRSN / 13; G. Loro, N. Dubourg, C. Della-Vedova, M.
Benadjaoud, C. Adam-Guillermin, O. Armant, IRSN

In the context of an increasing use of radionuclides in medicine, industry and
military sectors and after Chernobyl and Fukushima nuclear accidents, the interest
for the radiological protection of environment is raising. Some studies have shown
an impact of ionizing radiation (IR) on zebrafish development. However, there is
limited data on the genetic mechanisms leading to an adverse outcome for early
development stages. The goal of this project is to better understand early effects of
chronic exposure to low doses of IR on zebrafish development. For that, the study
of genetic mechanisms, as well as their consequences on cental nervous sytem
(CNS) during zebrafish development was carried out. Fertilized eggs were
exposed from the 4-cells stage to the larvae stage in control condition and to two
dose rates (SmGy/h and 50mGy/h) of gamma rays emitted by a '*’Cs source. The
residual radioactive background in the Chernobyl exclusion zone ranges from
0.1uGy/h to 1mGy/h. The effect of IR on embryo development was evaluated by a
morphologic analysis, physiological markers measurements and behavior analysis.
Together with these macroscopic markers, molecular responses were determined.
Gene expression was measured by RNA sequencing. In parallel, these data were
validated by RT-qPCR and in-situ RNA hybridization. An increase in y-H2AX
foci was found in embryos at S0mGy/h at 24 and 48hpf. Transcriptome analysis
was achieved at 24, 48, 96hpf and both dose rates. Among the 35117 zebrafish
genes, 782 were found in common between the two dose rates at 24hpf. Among
these genes, many were involved in the CNS development. And, a high number of
misregulated genes were involved in retinoic acid pathway, a major pathway in
embryonic development. An impact on Go Term related to embryo development,
neurogenesis, muscle and eye development, heart morphogenesis and
hematopoiesis was observed. At 24hpf, embryos perform spontaneous movements
controlled by the motor neurons and sensory neurons of spinal cord. This
embryonic activity is an integrative parameter of the functioning of a neural
network. It is complementary to analyses at the molecular scale. An increase in
embryonic activity at SmGy/h was shown. The transcriptome analysis has shown
an impact on some developemental pathways. These genes misregulation are
associated with phenotypic disorders such as DNA double-strand breaks, motor
and sensory neurons of spinal cord alteration as indicated by embryonic activity.

Life Cycle Impact Assessment (ll)
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A comprehensive assessment of the nutritional and environmental trade-offs
of "as consumed" foods

K. Stylianou, University of Michigan / Environmental Health Sciences; V.L.
Fulgoni III, Nutrition Impact, LLC; O. Jolliet, University of Michigan /
Department of Environmental Health Sciences, School of Public Health

The need for sustainable food choices for the well-being of humanity and the
planet is more evident than ever before. However, we currently lack
comprehensive metrics that evaluate foods by accounting for both their
environmental and nutritional effects. In most food life cycle assessments (LCA),
the nutritional value of food is introduced in the functional unit which can be
problematic. As nutrition directly affect health, an alternative and more
comprehensive method to account for the nutritional value of food in LCAs is to
quantify the food’s nutritional health impact. This can be achieved by using the
DALY Nutritional Index (DANI) as a new impact category in LCA. DANI an
epidemiology-based nutritional assessment tool that quantifies the health burden
associated with foods in disability adjusted life years (DALYs) based on 16
dietary risk factors. We demonstrated this approach by determining DANI scores
for 7,000 food items (48 distinct food categories) in the US diet. The median
DANI typically ranged from —56 uDALY/serving (avoided) for health beneficial
nuts and seeds, up to 78 uDALY/serving for health-damaging frankfurter
sandwiches. We identified the foods with the closest to median DANI score in
each of the 48 distinct food categories and determined their life cycle
environmental impacts for carbon footprint, particulate matter (PM), water use,
and land use. Environmental impacts were established by combining food
composition information from the Standard Reference (SR) database (reference
flows) and life cycle inventories from Ecoinvent v3.2, World Food LCA Database
v3.1, and ESU World food database, and using Impact World+ and accounting for
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food loss and waste. Carbon footprint estimates ranged from 5 g CO2eq/serving of
sugars to 4.2 kg CO2eq/serving meat mixed dishes. PM health burden impacts
ranged between 0.007 (sugars) and 2.7 (meat mixed dishes) pDALY/serving,
water use between 0.2 (cooked cereals) and 263 (egg/breakfast sandwiches)
m3/serving, and land use between 0.004 (sugars) and 3.4 (egg/breakfast
sandwiches) ha,yr arable/serving. Comparing the DANI scores with these
environmental impact estimates for these foods did not support any correlations
suggesting that there is not always a win-win situation. The findings support that
there are real trade-offs between environmental and nutritional impacts of foods
that must be considered when attempting to establish sustainable diet solutions.
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Global site-specific life cycle impact assessment for particulate matter health
impacts

C. Oberschelp, ETH Zurich; S. Pfister, S. Hellweg, ETH Zurich / Institute of
Environmental Engineering

High spatial resolution becomes increasingly important in life cycle impact
assessment (LCIA) where health and environmental impacts depend strongly on
the location of emissions. The health impact assessment of Particulate Matter
(PM) is such a case, as impacts may change by orders of magnitude based on
several site-specific key parameters. Current LCIA approaches distinguish classes
of population densities, classes of stack heights and countries of emission as
parameters, but generally do not use site-specific factors like wind directions,
specific emission heights, specific population densities, emission flow rates, or
atmospheric temperatures. Therefore, we present a methodology to calculate site-
specific PM characterization factors (CFs) based on modeling of atmospheric
pollutant dispersion, quantification of regional pollutant intake and the non-linear
effects of PM inhalation on human health. We apply these site-specific CFs to a
global site-specific dataset of power plant emissions and compare health impacts
against results from non-site-specific approaches. The results show that the site-
specific approach reduces uncertainties substantially, helps to direct data
collection efforts, and allows to target individual sites for mitigation measures.
This is of particular importance as PM is globally the primary cause for pollution
impacts on human health.
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Development of a H-Phrase scoring method for ecotoxicity characterization
M_H. Lindstrém, University of Gothenburg; T. Rydberg, IVL Swedish
Environmental Research Institute

The work presented here contains the first results of our development of a H-
phrase based approach for eco-toxicity characterization. A sample set of
substances was derived by gathering relevant substances occurring in the emission
inventory from an industrial cluster in Stenungsund [4]. The corresponding
environmental H-phrases (H4-phrases) to the substances emitted were found on
PubChem Database. Two different models for converting the H-phrases into
numerical values were developed. There are seven different codes and
corresponding H-phrases, covering acute and chronic toxicity as well as different
severity levels (harmful to very toxic). Each substance may have several phrases
assigned to it. In both ranking models, chronic phrases were considered more
severe than acute ones. For both models the ranking was translated into a
logarithmic scale, i.e. the step from one level to the next was set to a factor of 10.
The first method was developed by studying all combinations of H4-phrases that
the emitted substances had and separating these variations into different levels. A
substance with several phrases gets a higher ranking than a substance with only
one phrase. Chronic phrases are also ranked higher than acute ones. A substance
with several phrases would receive a higher ranking than a substance with only
one. The second method differs from the first one in that it only considers the
most severe H-phrase in the ranking. When comparing the ranking methods, the
second one, which only considers the most severe H-phrase in the ranking is
probably the most useful. It has seven set levels and won’t fluctuate when the
dataset changes. The structure of both methods should be discussed further.The
next step in developing this ecotoxicity method that uses H-phrases might be to
compare it to and evaluate it alongside strictly effect-based hazard factors, such as
EC50 or HC50.
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The Effect of Sediment Chemistry on Life Cycle Impact Assessment for
Metals

K.J. Farley, Manhattan College / Civil and Environmental Engineering; K.J.
Rader, Mutch Associates, LLC; R.F. Carbonaro, Manhattan College; L. Assim,
International Copper Association / Health, Environment and Sustainable
Development; E. Nordheim, REACH Consultant for European Aluminum; C.
Albersammer, International Council on Mining and Metals; C. Bayliss,
International Aluminium Institute; A. Vaccari, International Copper Association /
Health, Environment and Sustainable Development

The USEtox Life Cycle Impact Assessment (LCIA) modeling approach for
freshwater/coastal marine compartments was originally developed to describe the
fate and transport of non-polar organic chemicals. For metals, water chemistry
(e.g., pH, DOC, competing cations) plays a significant role in determining metal
partitioning. Recent research addressed this issue using the Windermere Humic
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Aqueous Model (WHAM) to compute water column Kp values based on defined
input parameters for freshwater and marine archetypes for use in USEtox LCIA
model simulations. However, the effects of sediment chemistry on LCIA has not
been considered. The purpose of this study is to evaluate the effects of sediment
chemistry on LCIA for metals using the risk assessment screening-level model,
TICKET-UWM, to calculate LCIA Comparative Toxicity Potentials (CTPs)
directly for freshwater and coastal marine environmental compartments. TICKET-
UWM includes simultaneous consideration of dissolved and particulate phase
transport between a well-mixed water column and an (oxic or anoxic) sediment
layer, along with detailed chemical speciation calculations for metal binding to
inorganic ligands, dissolved (DOC) and particulate organic carbon (POC), and
Fe/Mn oxide surfaces; precipitation of metal hydroxides, carbonates, and sulfides;
and dissolution kinetics for metal concentrates/massives and metal sulfide
precipitates. The model also provides a direct evaluation of toxicity using either
Free Ion Activity Model (FIAM) or Biotic Ligand Model (BLM) calculations.
Critical metal loading rates from TICKET-UWM risk assessment model
calculations were translated into LCIA CTPs as: CTP = 0.5 x Average Depth /
Critical Load. TICKET-UWM simulations were performed for copper (Cu) and
zinc (Zn) using variations in sediment chemistry (pH, sediment POC, redox
conditions). The difference in computed CTP for Cu is attributed to the strong
sequestration of Cu in sediments by AVS under anoxic conditions. In contrast,
redox conditions in sediments had little or no effect on the CTP for Zn. The
modeling approach presented above provides a simple method for linking risk
assessment models such as TICKET-UWM to LCIA model calculations. The
approach allows non-linear responses associated with metal partitioning (in the
water column and sediment) to be considered in developing LCIA CTPs for
surface waters.
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Regionalized terrestrial ecotoxicity assessment of copper-based fungicides
applied in viticulture

L Viveros Santos, CIRAIG - Ecole Polytechnique de Montréal / CIRAIG
Department of Chemical Engineering; C. Bulle, CIRAIG - Ecole Polytechnique de
Montréal / Strategy & corporate social responsibility; A. Levasseur, Ecole
Polytechnique de Montreal / Construction engineering; L. Deschenes, Ecole
Polytechnique de Montreal / Genie Chimique

There are some modelling issues related to the application of LCA to agricultural
systems. One issue is related to the ways in which the spatial variability of
agriculture resulting from soil characteristics, climate and management practices
is considered. Another issue is related to the assessment of impact categories
whose impact is spatially variable, which is the case of terrestrial ecotoxicity.
Emissions of metals in agriculture have been shown to contribute significantly to
the ecotoxicity impact, as do copper-based fungicides applied in wine-growing
regions to combat downy mildew. The objective of this study is to evaluate the
geographical variability of the terrestrial ecotoxicity impact of copper-based
fungicides applied in European wine-growing regions. This involves the
development of regionalized characterization factors (CFs) for copper terrestrial
ecotoxicity, and then the application of these CFs to a regionalized life-cycle
inventory that considers different management practices in four different regions,
namely Languedoc-Roussillon, Minho, Tuscany, and Galicia. Two
methodological approaches were used to derive CFs: (a) empirical regression
models, and (b) WHAM 6.0 according to the soil properties of the Harmonized
World Soil Database (HWSD). The CFs were then aggregated at different spatial
resolutions—global, Europe, country, and wine-growing region—to assess the
uncertainty related to spatial variability at different scales and applied in a case
study. The global CF computed for copper terrestrial ecotoxicity is around 3.5
orders of magnitude lower than the one from IMPACT 2002+, demonstrating the
impact of including metal speciation. For both methods, an increase in the spatial
resolution of the CFs translated into a decrease in the spatial variability of the
CFs. With the exception of the aggregated CF for Minho at the country level, all
the aggregated CFs derived from empirical regression models are greater than the
ones derived from the method based on WHAM 6.0 within a range of 0.2 to 1.2
orders of magnitude. CFs derived from empirical regression models showed
greater spatial variability with respect to the CFs derived from WHAM 6.0. The
ranking of the impact scores of the analyzed scenarios was mainly determined by
the amount of copper applied in each wine-growing region. However, finer spatial
resolutions led to an impact score with lower uncertainty.
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Towards a Sustainable Development of River-Sea Systems
(RSS) and Coastal Areas (Il)
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Evaluation of the occurrence and fate of pesticides in the water/sediment
interacting compartments of the Ebro River Delta (NE Spain) and risk
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assessment for aquatic organisms

M. Barbieri, Ins of Environ Assessment&Water Resch (IDAEA-CSIC) /
Environmental and Food Chemistry (ENFOCHEM); S. Monllor Alcaraz, Institute
of Environmental Assessment and Water Research IDAEA CSIC / Department of
Environmental Chemistry; N. Guillem Argiles, Institute of Environmental
Assessment and Water Research IDAEA CSIC / Water and Soil Quality Research
Group; M. Rambla-Alegre, IRTA Catalan Institute for Research and Technology
in Agriculture / Aquaculture Programme; C. Postigo, Institute of Environmental
Assessment and Water Research IDAEA CSIC / Environmental Chemistry; M.
Loépez de Alda, Institute of Environmental Assessment and Water Research
IDAEA-CSIC / Department of Environmental Chemistry

Agriculture is a relevant economic resource worldwide essential to sustain life.
However, agricultural activities impact river basins in a way that they contribute
to release chemical stressors into the environment, such as pesticides and
fertilizers, which may pose a risk for aquatic ecosystems. In this context, the aim
of this study was to evaluate the fate of medium and highly polar pesticides in an
important wetland area of the Mediterranean region, the Ebro River Delta (NE
Spain), to assess the risk that they may eventually pose for aquatic organisms. For
this, we investigated the presence of 52 pesticides in water and sediment samples
collected in summer, one of the most thriving periods of the rice-growing season.
Selected analytes in water samples were determined by means of on-line solid
phase extraction-liquid chromatography-tandem mass spectrometry (on-line SPE-
LC-MS/MS). In the case of sediment samples, pesticides were extracted by means
of pressurized liquid extraction (PLE), followed by extract clean-up with solid
phase extraction (SPE), and analysis of the purified extract with LC-MS/MS.
Measured concentrations of pesticides were used to evaluate the ecotoxicological
risk for aquatic organisms, using the hazard quotient (HQ) approach, and to
estimate pesticide adsorption coefficients (Kd). A total of 32 pesticides were
detected in water from the Ebro River Delta. Bentazone, followed by propanil and
MCPA presented the highest average concentrations (in the pug/L range). Overall,
pesticide concentrations were higher in drainage channels than in irrigation
ditches, mainly due to a huge presence of bentazone. According to the calculated
HQ values, 10 pesticides (azinphos ethyl, bentazone, chlorfenvinphos,
chlorpyriphos, diflufenican, irgarol, malathion, oxadiazon, propanil, and triallate)
may pose a high risk for aquatic organisms (HQ>10). Concentrations measured in
sediments reflect also accumulation of some of the target pesticides in the bed of
the drainage and irrigation channels which may also represent an environmental
risk. Acknowledgements- This work has received funding from the Government of
Catalonia (2017 SGR 01404), the Spanish State Research Agency (AEI) and the
European Regional Development Fund (ERDF) through the project BECAS (grant
number CTM2016-75587-C2-2-R), and the European Union’s Horizon 2020
Research and Innovation Programme under grant agreement No. 727450.
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Pharmaceutical contamination in a Mediterranean coastal Lagoon: an
indicator of complex interactions between societies and wetlands

D. Sadutto, M. Ballester, University of Valencia; Y. Pico, University of Valencia /
Environmental Quality and Soil

This field study assesses the occurrence of emerging contaminants (EC) of the
Albufera Natural Park. This protected wetland has as an area of 21120 hectares
and it is located 10 km to the South of Valencia City (Spain). It consists of a
highly eutrophic coastal lagoon surrounded mainly by rice fields that occupy the
primitive marshland. The Turia River, to the north, the Jucar River, to the South,
and a network of irrigation channels bring fresh water to the Albufera system. The
study was focus on about 30 compounds including Personal Care Products and
Pharmaceutical Compounds, including acid, basic and neutral. The interest in
detecting environmental contaminants in different matrices (mostly water, soil and
sediment) is increasing in the last years. This for their relevant impact on the
global ecosystem (1). The selected compounds, in this study, constitute an
important block of organic contaminants frequently found for many reasons(2).
The results evidenced the presence of many of the selected EC both in water and
sediment. The most abundant ones are analgesic and anti-inflammatory drugs
(salicylic acid, diclofenac), antihypertensive (furosemide), anticoagulant
(warfarin), stimulants (caffeine) and preservatives (parabens). The relation-ship
between the presence of these compounds and the anthropic pressure in the area
was carefully analysed. References [1] Blasco (2008), Impact of emergent
contaminants in the environment: environmental risk assessment. Handbook of
Environmental Chemistry Vol. 5, pp. 169¢188. [2] Anekwe J.Ebele (2017),
“Pharmaceuticals and personal care products (PPCPs) in the freshwater aquatic
environment”. Emerging Contaminants , Vol. 3, Issue 1, Pag. 1-16.
Acknowlegment: This work has been supported by the Spanish Ministry of
Economy and Competitiveness and the ERDF (European Regional Development
Fund) through the project CGL2015-64454-C2-1 and by the Generalitat
Valenciana through the project ANTROPOCEN@ (PROMETEO/2018/155). This
work has been supported by the Spanish Ministry of Economy and
Competitiveness and the ERDF (European Regional Development Fund) through
the project CGL2015-64454-C2-1. D. Sadutto also knowledge the Generalitat
Valenciana for his “Santiago Grisolia” grant “GRISOLIAP/2018/102, Ref CPI-
18-118”.

57



267

Analysis of polystyrene microplastics and suspected screening of polymers in
environmental samples.

M. Farre, G.F. Schirinzi, IDAEA-CSIC; M. Llorca-Casamayor, IDAEA-CSIC /
IDAEA; E. Abad, IDAEA CSIC

This work explores the application of different techniques based on mass
spectrometry for the analysis of MPLs. (1) The performance of three different
analytical approaches based on mass spectrometry -direct analysis in real time
(DART-MS), matrix-assisted laser desorption/ionization coupled to a mass
analyser time-of-flight (MALDI-TOF), and HPLC-HRMS will be presented and
discussed for the analysis of MPLs; (2) An analytical method based on liquid
chromatography coupled to high-resolution mass spectrometry (LC-HRMS)
equipped with atmospheric pressure photo-ionisation (APPI) source operating in
negative mode has been developed and validated for the analysis of polystyrene in
surface and seawater. PS was selected as a representative polymer because it is
one of the most frequently used for plastics production;, and separated by 104 m/z.
The chromatographic separation was achieved with a gel permeation column
(GPC) using toluene 100% as the mobile phase. (3) The use of suspected
screening of polymer residues in environmental samples using the capabilities of
HRMS has been explored. The different MS techniques will be compared and
discussed for the analysis of MPLs. A new method for the quantitative analysis of
PS with instrumental limits of detection of 2 pg and a method limit of detection
(MLOD) of 100 ng/L will be presented together with the results to their
application to the analysis of 15 samples collected in the Ebro River and the
marine bays of the Ebro Delta. Finally, the use of retrospective analysis of full-
scan chromatograms acquired by HRMS will be discussed and examples of
application will be presented. References Cole, M.; Lindeque, P.; Halsband, C.;
Galloway, S. C. Microplastics as contaminants in the marine environment: a
review. Mar. Pollut. Bull. 2010, 62, 2588-2597. Acknowledgements This work
has been supported by the Spanish Ministry of Science, Technology and
Universities through the project PLAS-MED (CTM2017-89701C3-1-R). Gabriella
Schirinzi acknowledges her pre-doctoral Fellowship BES-C-2015-0018.
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Evaluation of the adsorption capacity of microplastics in water/sediment
systems polluted with persistent organic contaminants

M. Llorca-Casamayor, IDAEA-CSIC / IDAEA; M. Abalos, CSIC / Dioxin
Laboratory - Environmental Chemistry Department; E. Abad, M. Farre, IDAEA-
CSIC

Microplastics (MPLs), defined as plastic pieces of< Smm are a recognized
environmental problem because their low degradability and, due to their size, they
can hamper the oxygen exchange and light leading eutrophication processes.
Besides,MPLs can enter into marine food web and, finally, into human diet. MPLs
can accumulate persistent organic contaminants and pathogens being also an
environmental distributor of these ones. The main objectives of this work were to
characterise the sorption capacity of commonly found persistent organic pollutants
(POPs) including 7 indicator polychlorinated biphenyls (PCBs) and 18
perfluoroalkyl substances (PFASs) by three different types of microplastics (size
between 1 and 300 pm) and to carry out these evaluation mixtures in
water/sediment systems. The selected MPLs were high-density polyethylene
(HDPE), polystyrene (PS) and Polyethylene Terephthalate (PET) due to their high
production and uses, low biodegradability in the environment and their increase as
a litter in different aquatic bodies. To assess the capabilities of these MPLs in

the aquatic environment, the experimental setup was emulating realistic
environmental conditions of freshwater and seawater ecosystems. The results
evidenced that MPLs can behave as carriers of selected POPs in marine and
surface waters after short exposure time. It can be concluded that MPLs of HDPE,
PS and PET can adsorb and stabilise residues of POPs that are present in
waters/sediment systems. For the same materials, aged MPLs or/and smaller
particles present higher adsorption capacities. In general, the adsorption capacity
of MPLs for more polar contaminants studied here were PS > PET > HDPE. The
major influence observed for the behaviour are the hydrophobic interaction and
salting out effect. Afterwards, the isotherms established for selected pollutants
showed that Freundlich model was the most suitable although not all the
accomplish this model. Finally, due to the sorption capacity of MPLs for POPs,
these should be considered as an extra transport vector for these contaminants in
the environment once are adsorbed onto MPL surface’. However, more in deep
studies are needed to establish the fugacity factor for MPLs with adsorbed POPs
since this is the main parameter that regulates their transferability among
environmental compartments. Acknowledgements-This work was supported by
the Spanish Ministry of Science,Innovation and Universities through the project
PLAS-MED(CTM-2017-9701C3).
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Occurrence of metal nanoparticles and fullerene aggregates in wastewater
treatment plants, rivers and the littoral zone of Barcelona catchment area

J. Sanchis, IDAEA-CSIC / Water and Soil Quality Research Group; J. Jiménez-
Lamana, IPREM, CNRS-UPPA / Laboratoire de Chimie Analytique
Biolnorganique et Environnement LCABIE; M. Farre, IDAEA- CSIC; J. Szpunar,
IPREM, CNRS-UPPA / Laboratoire de Chimie Analytique Biolnorganique et
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The last decades have witnessed the raise and the popularization of
nanotechnology in many scientific disciplines and, nowadays, many types of
nanomaterials (NMs) are already being used as additives, catalysts, ultraviolet
filters, plastics fillers or bactericides. The commercialization of consumer
products containing NMs such as of titanium dioxide nanoparticles (NPs), cerium
dioxide NPs, silver NPs, lanthanum oxide NPs or carbon NMs, leads to the
potential emission of heterogeneous mixtures of nanostructured materials to the
environment. Anthropogenic NPs are known to reach the aquatic ecosystem and
mix with the background of NPs that naturally occur in the submicron fraction of
suspended particulate matter. Some studies have assessed the environmental levels
of nanowastes with models and, less frequently, through environmental
monitoring exercises [1-3]. Experimental studies commonly face several
difficulties, such as the extremely low concentrations of NMs and the need of
developing reliable tools for distinguishing between metal-bearing NPs and ionic
species. Overall, the presence of NMs in the aquatic environment is still poorly
characterized. In the present work, a sampling campaign was carried out in the
Barcelona catchment area to assess the presence of selected NMs. 30 freshwater
samples were taken in the Besos River basin and in the Ebro River Delta. Also, 18
wastewater samples and 10 points of the Barcelona littoral were included. The
presence of titanium-, cerium-, and silver-bearing NPs was assessed by Single
Particle Inductively Coupled Plasma Mass Spectrometry (sp-ICP-MS) and
fullerenes were analysed by liquid chromatography coupled to high resolution
mass spectrometry with an atmospheric pressure photoionization source (HPLC-
APPI-HRMS). Our results show that wastewater treatment plants effectively
remove most NPs that are contained in the influents, although a fraction of NPs is
finally discharged into the rivers. Levels of NPs in surface water are commonly
above the limits of detection, while the vast majority of seawater samples show a
non-significant presence of NPs. The observed concentrations of NPs are highly
variable along the course of the studied rivers and their natural/anthropogenic
origin will be discussed. [1] Gottschalk, Fadri, et al. Environ. Sci. Technol. 43.24
(2009): 9216-9222. [2] Sun, Tian Yin, et al. Environ Pollut. 185 (2014): 69-76.
[3] Béuerlein, Patrick S., et al. Sci Total Environ. 576 (2017): 273-283.
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Ascidians (Chordata, Ascidiacea) as model organisms for assessing the extent
of anthropogenic pollutants in marine environments

N. Shenkar, Tel-Aviv University / Zoology; D. Avisar, A. Kaplan, Tel-Aviv
University / Porter School of the Environment and Earth Sciences; Z. Kuplik, Tel-
Aviv University; G. Navon, Tel Aviv University / Zoology; L. Novak, Tel-Aviv
University; A. Torfstein, Hebrew University; R. Tzafriri, Tel-Aviv University /
Zoology; G. Vered, Tel Aviv University / Department of Zoology

The Mediterranean coastline has been undergoing dramatic changes in the past
few decades. Although environmental and governmental agencies invest much
effort in general monitoring and protection of this environment, there is a gap in
our knowledge of the physiological impacts of current environmental stressors on
the marine fauna, and of the possible potential of marine organisms as bio-
indicators of environmental health. Sessile marine organisms such as ascidians
may provide invaluable information regarding a wide scale of pollutants and stress
factors over time, in contrast to common chemical assays. As highly efficient filter
feeders, ascidians are well known for their ability to accumulate heavy metals, and
to concentrate harmful compounds that are present in low or even only trace
concentrations in the water column. The wide geographic distribution of invasive
ascidians in both polluted and pristine habitats make them ideal candidates for
bio-monitoring a wide variety of marine habitats, and investigating the
pathological effects of a variety of stressors. The main objectives of the current
study are to explore the potential use of the solitary invasive species Phallusia
nigra, Styela plicata, Microcosmus exesperatus, and Herdmania momus as
biological indicators for micro-plastic, phthalates, heavy metals, and
pharmaceuticals. By combining a suit of analytical methods including chemical,
physiological, histological and proteomic analysis we aim to locate and describe
'hot-spots' of polluted zones along the Mediterranean and Red Sea coasts of Israel,
and further understand the physiological effect of pollutants on benthic
invertebrates.

Substitution of Chemicals of Concern: Perspectives and
Connections between Analysis of Alternatives, Sustainable
Chemistry and Safe-by-design (1)
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Green chemistry as tool to advance safer solvent substitution

F. Byrne, University of York / Green Chemistry Centre of Excellence, Department
of Chemistry; J. Clark, T. Farmer, A. Hunt, J. Sherwood, University of York
Sustainable Solvent Selection is a hot area of research, and it is desperately
needed throughout the chemical industry as more and more traditional solvents
come under ever increasing legislative strain. Our H2020/BBI project ReSolve
(2017-2020, grant agreement 745450) sets out to replace two widely used but
hazardous solvents — toluene and NMP (N-methyl-2-pyrrolidone) — with safer
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alternatives derived from non-food carbohydrates.[1] New solvents will be
designed and modelled with the aim of omitting parts of the molecular structure
that are suspected of causing their toxicity, i.e. aromatic groups and amide groups.
The best candidates will be synthesised at first on a bench scale, and will
subsequently be assessed for their sustainability, scalability, and performance in a
wide range of applications. Importantly, solvents will be both modelled for
suspected toxicity pre-synthesis, and then tested in a selection of in vitro tests.
This talk will look in greater detail at two leading candidates currently under
further investigation and scale-up. 1) An inherently non-peroxide forming ether
solvent, 2,2,5 5-tetramethyloxolane (TMO), has been synthesized from readily
available and potentially renewable feedstocks (acetone and acetylene).[2,3]
Unlike traditional ethers, its lack of a proton at the a-position to the oxygen of the
ether eliminates the potential to form hazardous peroxides whilst also making it
suitable as solvent to replace toluene in radically-initiated polymerisations. TMOs
boiling point (112 °C), melting point (
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Substitution and sustainable chemistry: what are key aspects and how to
keep the assessment of alternatives fit-for-purpose?

C. Blum, German Environment Agency - UBA / International Chemicals
Management; V. Abraham, Ramboll Environ; D. Bunke, Oko-Institut e.V. /
Sustainable Products & Material Flows Division; R. Joas, Ramboll Environ
Sustainable chemistry is a holistic approach for sustainable development
considering the entire lifecycle of chemicals and their products including design,
raw materials, production and processing, application, recycling and end-of-life.
Besides health and environment, social conditions, science, research, technical and
economic aspects have to be considered and balanced to enable the safe and
sustainable use of chemicals within the capacity-limits of our planet. Today’s
chemicals management has the responsibility to avoid long-term and irreversible
damage to human health and environment while at the same time meeting societal
demand through economic efficiency. Sustainable chemistry in practice, needs to
keep the assessment fit-for-purpose, targeting the elements of importance at a
necessary but manageable level of complexity. However, sufficient data of
chemicals is needed to provide acceptably information for the actors with the
supply chain to decide whether a chemical is able to perform distinct
functionalities and contribute to more sustainability at the same time. The German
Environment Agency has developed instruments to measure sustainability aspects
of chemicals, mixtures, products and services. The instruments addressing
important life cycle steps of chemicals beyond (eco-) toxicological risks and
hazards to human health and environment, like mobility, resource demand,
greenhouse gas emissions, as well as social implications, and economic
performance. The Guide on Sustainable Chemicals and the corresponding IT-tool
SubSelect are instruments for producers and operators evaluating sustainability
through a set of criteria applicable to substances and mixtures. The SMART 5 tool
provides criteria to assess characteristics of chemicals applications like human
health and environmental properties, workers protection and safe storage, resource
consumption, and economic performance. These instruments are already used
within industry. We demonstrate in case studies that these tools contribute to
interpret the outcome of alternative assessment and lead to successful and
sustainable substitution. Thereby, they contribute to a holistic sustainable
chemicals management and consequently help producers and operators to green
their chemical portfolio, products and services.
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A systematic approach to use safer chemicals in product design
L. Chung , Clariant
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From substitution to safe-by-design: towards a safe chemicals innovation
agenda

J. van der Waals, Dutch Ministry of Infrastructure and Water Management
Regulations are usually the main driver of substitution of hazardous chemicals,
but have drawbacks, such as the time needed to establish hazards and risks, and
the costs for industry to adapt existing processes and products. A problem is also
that substitutes are often drop-ins that are not necessarily much safer. This points
to the need for safe design, where safety aspects (in terms of avoiding damage to
human health and the environment) are taken into account at the design stage of
chemicals and products. Initiated by the Dutch government, the Safe Chemicals
Innovation Agenda was developed as a research agenda to serve as guidance for
R&D policies at the EU and Member State level. The agenda and its
implementation will be discussed.
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Questions
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General discussion with panel and audience
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Wrap-up and closing

Climate Impacts on Polar and Alpine Ecotoxicology and
Environmental Chemistry
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Influence of permafrost disturbances on temporal trends of legacy and
emerging persistent organic pollutants in landlocked Arctic char from lakes
in the Canadian High Arctic

A. Cabrerizo, Institute of Environmental Assessment and Water Research
IDAEA-CSIC; D.C. Muir, Environment and Climate Change Canada / Aquatic
Contaminants Research Division; A.O. De Silva, Environment and Climate
Change Canada; S. Lamoureux, Queens University / Dept. of Geography and
Planning; M. Lafreniére, Queens University / Department of Geography and
Planning

Research performed over the past 10 years in the two paired watersheds and lakes
(West and East) at the Cape Bounty Arctic Watershed Observatory (CBAWO) has
revealed ongoing permafrost disturbances, which are of significant magnitude and
importance in West watershed and West Lake even though both catchments are
broadly similar. A series of subaqueous slumps over the period 2008-2012
combined with riverine input of suspended solids, particulate organic carbon
(POC) and dissolved organic carbon (DOC) from the permafrost disturbances,
have resulted in very high turbidity in West Lake. This high turbidity combined
with elevated POC and DOC, and other water chemistry parameters, has persisted
during 2012-2017 with continued permafrost disturbances in the West Lake
watershed. The changes in water chemistry may also apply to inputs and
bioavailability of persistent organic pollutants (POPs), associated with the
elevated DOC and POC in West Lake compared to nearby East Lake, and to
earlier pre-warming conditions. Therefore, our goal was to assess whether these
perturbations due to Arctic warming, would affect temporal trends of legacy such
as polychlorinated biphenyls (PCBs), organochlorine pesticides (e.g DDTs,
HCHs, HCB) and emerging POPs such as perfluoroalkyl substances (PFASs) in
landlocked Arctic char (Salvelinus alpinus) in the lakes. A comparison with
temporal trends of the same pollutants in landlocked Arctic char from other lakes
in the Canadian High Arctic was also included.
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Perfluoroalkyl substances and Organophosphate esters at coastal Antarctica
G. Casas Papell, IDAEA- CSIC / Environmental Chemistry; A. Cabrerizo,
IDAEA-CSIC / Department of Environmental Chemistry; A. Martinez-Varela, P.
Casal, M. Pizarro, Institute of Environmental Assessment and Water Research
IDAEA CSIC; J. Roscales, IQOG-CSIC; E. Cerro-Gdlvez, Institute of
Environmental Assessment and Water Research; m. vila-costa, Institute of
Environmental Assessment and Water Research IDAEACSIC; B. Jimenez, IQOG-
CSIC / Department of Instrumental Analysis and Environmental Chemistry; J.
Dachs, IDAEA-CSIC / Environmental Chemistry

Persistent organic pollutants (POPs) have long live-times in the environment,
accumulate in biota, and have the potential to reach remote regions such as the
open oceans and Antarctica. This is especially true for ionizable POPs, such as
perfluoroalkyl substances (PFASs) and organophosphates esters (OPEs). Recent
work has suggested that PFAS can be transported to Antarctica by atmospheric
transport of sea-salt aerosol and subsequent scavenging by snow, overcoming the
limited transport by oceanic currents. On the other hand, even though OPEs have
been described in the Antarctic Peninsula region, very few measurements of OPEs
for surface seawater are available, and there are no measurements of OPEs in
plankton. The goal of this study was to determine the presence and the dynamics
of PFASs and OPEs, in Antarctic coastal waters. Specific objectives were to
evaluate the relative importance of the atmosphere-land-water exchanges as the
entry of PFASs and OPEs, focusing on the role of snow deposition and melting as
input of these contaminants in Antarctic coastal waters, and the sea surface
microlayer amplifying the concentrations of PFAS at the surface ocean. The
samples for this study were collected during three different sampling campains at
Deception island and Livingston island (South Shetland Archipelago, Antarctic
Peninsula). PFAS and OPES surface seawater, snow, SML and plankton samples
were pre-concentrated in-situ at the antartic bases, and stored at -20°C until their
analysis in the lab. The analysis of OPES was performed with gas-comatography
coupled to mass spectrometry in tandem, while PFAS were analyzed by liquid
cromatpgraphy coupled to mass spectrometry in tandem. Seawater from the SML
samples had notable differences in concentrations (0.51-3.05 ng L") when
compared with underlying seawater taken 0.5 m depth (0.03-1.14 ng L-1). Total
OPEs (3.,00PEs) concentrations at surface seawater are ranging between 0.6 and
62 ng L-l, In plankton samples, concentrations (2|3OPES) ranged from 24 80 to 1341 ng g-l .The
results show the ubiquity of PFAS and OPEs in the coastal Antarctic ecosystem.
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Results will be discussed in terms of the different inputs (oceanic, atmospheric),
distance to coast, and role of snow melting amplifying the concentrations.
Especially relevant is the demonstration of the amplification of PFAS
concentrations in the sea surface microlayer, the implication of which will be
discussed.
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Pelagic vs coastal - What are the key drivers of pollutants load in Barents Sea
polar bears?

P. Blévin, Norwegian Polar Institute; J. Aars, M. Andersen, The Norwegian Polar
Institute; M. Blanchet, UiT The Arctic University of Norway; L. Hanssen, NILU
Norwegian Institute for Air Research; R. Jeffreys, University of Liverpool; E.
Nordgy, UiT The Arctic University of Norway; M. Pinzone, University of Liege;
C. De la Vega, University of Liverpool; H. Routti, Norwegian Polar Institute
Barents Sea polar bears exhibit two space-use strategies. The so-called “offshore
or pelagic bears” undertaking long annual migrations to follow the ice toward the
Eastern part of the Barents Sea and the “coastal bears” staying on land, in
Svalbard when the sea ice retreats. Previous studies have highlighted differences
in pollution levels with offshore bears generally being more polluted than coastal
ones. However, the underlying reasons are currently unknown. It has been
proposed that pelagic bears are more active, have greater energy requirements,
greater prey intake and thus greater contaminants levels. Alternatively, this may
be related to differences in feeding habits, with coastal bears feeding more on less
contaminated prey of terrestrial origin and/ or occupying a lower trophic position.
Finally, one might expect a pollution spatial gradient related to proximity of
source, uptake or transport routes of pollutants. We used activity as a proxy for
energy requirements, measured as the duration a bear was in movement. The role
of carbon source and diet were investigated by using the isotopic niche (§'*C and
3'°N) as a proxy of the trophic niche. The bear’s trophic level was assessed from
stable nitrogen isotopes on amino acids (3'°N-AA), using the phenylalanine and
glutamic acid as source and trophic amino acids, respectively. Pollutants were also
analysed in harp seals from East and West Ice as a proxy for an East-West
gradient of pollutants in polar bears food web. Preliminary results suggest carbon
source as an important predictor of pollution level. Bears feeding within the
marine ecosystem had higher pollutant levels compared to polar bears feeding in
terrestrial areas. The trophic niche of coastal bears was much wider compared to
the pelagic one, suggesting they are able to target a greater variety of food sources
including terrestrial items. Offshore bears may thus be more polluted because of
higher proportion of marine preys. Consequently, the trophic niche is likely a key
driver of pollution load in pelagic and coastal Barents Sea polar bears.
Additionally, PFAS levels were higher in bears using more eastern parts of the
Barents Sea and increasing PFAS levels towards East was also observed in harp
seals. Finally, activity appears as a minor predictor of pollution load which comes
to refute the former hypothesis and thus, energy requirement is likely not a key
driver of pollution load in pelagic and coastal Barents Sea polar bears.
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Are chemical pollutants influencing the ability of seabirds to respond to
changing ice conditions in the Canadian Arctic?

K.J. Fernie, Environment and Climate Change Canada / Ecotoxicology and
Wildlife Health; R.J. Letcher, B. Braune, Environment and Climate Change
Canada / Ecotoxicology and Wildlife Health Division; J. Head, McGill University
/ Natural Resource Sciences; K. Elliott, McGill University / Department of
Natural Resource Sciences

Research shows that the exposure of wildlife to chemical pollutants can elicit
endocrine disruptive and behavioral effects. Such potential effects may occur in
Arctic seabirds that must concurrently deal with rapid environmental changes
relating to climate change. Because the endocrine system plays a critical role in
allowing animals to respond to environmental stress (e.g., changing ice patterns),
endocrine disruption could influence the ability of wildlife to respond to climate
change. We are examining such interactions with thick-billed murres (Uria
lomvia) that feed from ice flows and breed in Hudson Bay, Canada. Reductions in
ice result in the birds spending more energy to obtain less fish that may result in
poorer reproductive success and chick development. We sought to determine
whether a suite of contaminants that bioaccumulates in this species and the
influence of climate change have an effect on avian wildlife by limiting their
ability to respond to changes in ice availability. In 2016 through 2018, foraging
behaviors and movements of > 67 thick-billed murres were tracked with GPS-
accelerometers, and concentrations of thyroid hormones, corticosterone, total
mercury (THg), a suite of flame retardants (FRs), and per- and poly-fluoroalkyl
substances (PFAS) were measured in the plasma of individuals. Levels of all
measured PFASs and FRs were consistently low and unrelated to hormones or
behavior. However, THg concentrations were associated with circulating
triiodothyronine (T3) prior to foraging. In contrast to a “medium-ice” year (2016),
in a “low-ice” year (2017), the relationship between T3 and THg was negative.
The T3 concentrations of the birds prior to foraging were associated with their
foraging behavior; in contrast to 2016, higher levels of T3 were associated with
lower diving rates. We found no associations with plasma corticosterone. GPS
tracks demonstrated that birds foraged to the north of the colony during incubation
when ice was present, then moved to forage to the northwest as chick-rearing
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progressed when ice was no longer present. These results suggest that birds were
foraging near regions of floating ice, which may improve foraging success and
reduce diving rates. Based on our 2016-17 findings, we tentatively conclude that
THg may influence the ability of these seabirds to adjust to variation in ice cover,
and will further examine our hypothesis with 2018 data collected under different
environmental conditions. \n \n
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Impact of pollution in the Arctic on avian influenza prevalence and miRNA-
155 expression in breeding seabirds

C. Waugh, Norwegian University of Science & Technology; M. Lee, S. Strand
Lundgren, NTNU The Norwegian University of Science and Technology; G.
Gabrielsen, The Norwegian Polar Institute; B. Jenssen, Norwegian University of
Science and Technology / Biology; T.M. Ciesielski, Norwegian University of
Science and Technology / Department of Biology; . Mortensen, NTNU University
/ Department of Biology; V. Jaspers, Norwegian University of Science &
Technology / Biology

In our rapidly changing, anthropogenically influenced, world, a variety of
stressors are affecting the functioningof organisms. One of the most severely
affected areas by global change is the Arctic. Major anthropogenic stressors in the
Arctic include: 1) climate change, where temperatures are increasing at twice the
global rate'and 2) pollution, due to long range transport and release from melting
ice caps and permafrost; resulting in uncertainty over subsequent effects. One
predicted large-scale effect of climate change in the Arctic is the amplification of
infectious diseases, due to increased spread®. Here, we present the first data that
avian influenza virus is now present in the Norwegian Arctic (Svalbard),
indicating an extra challenge to the wildlife living there. We further hypothesise
that the immunomodulatory properties of many environmental pollutants in the
Arctic may facilitate viral prevalence within these historically naAve populations.
Here we present data to support the hypothesis that pollutants can impact disease
dynamics in wild birds.We have done sothrough a combination of field and
experimental approaches at the molecular (miRNAs) level.g
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Poster spotlight

Aquatic and Terrestrial Plant Ecology: Ecotoxicology, Risk
Assessment and Modelling (ll)
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Experimental studies to provide long-term data sets for testing population
models for Lemna sp. and Myriophyllum spicatum

G. Arts, Wageningen Environmental Research (Alterra) / Environmental Risk
Assessment; U. Hommen, Fraunhofer IME; E. Bruns, Bayer AG, Division Bayer
CropScience / Ecotoxicology; S. Heine, Bayer Ag / Effect modelling; A. Solga,
Bayer AG Crop Science Division; S. Taylor, ADAMA Deutschland GmbH
TK-TD (toxicokinetic- toxicodynamic) and population models are considered a
promising tool in higher tier risk assessments. Their main merit is lying in their
use as a tool in the analysis and prediction of the effects of diverse and dynamic
exposure profiles of plant protection products on aquatic organisms. TK-TD
models for aquatic macrophytes have been developed and are still being
improved. However, long-term datasets are needed for the callibration and
validation of these models. These long-term datasets need to cover the growth of
the macrophytes over several seasons under realistic environmental conditions. In
order to generate such data, a long-term experimental study was set-up in outdoor
experimental systems from 2017 to 2019. The growth of Myriophyllum spicatum
is monitored in a large number of pond baskets installed in an experimental ditch,
while the growth of Lemna sp. populations is studied in a set of microcosms. The
monitoring of biomass (fresh and dry weight) and shoot length or frond numbers
is carried out weekly, biweekly or monthly, depending on the season. Apart from
the standing crop, seasonal dynamics of recovery growth rates of shoots or fronds
over a time frame of 1 month (Myriophyllum shoots) or 1 week(Lemna fronds) are
assessed. In addition, relevant environmental parameters are regularly measured.
A high variability in macrophyte growth was observed between replicates over
time in both the Lemna sp. and the Myriophyllum spicatum experiments. The data
analysis that will be performed over the next half a year, will focus on answering
the question which variables, that have been measured and statistical parameters
can be related to this variation. The recovery experiments and the permanently
monitored microcosms will probably deliver the best information to the modellers.
In the coming months, the datasets will be completed and methods and results will
be summarized for the Lemna sp. and Myriophyllum spicatum experiments 2017 —
2018 (--spring 2019).
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Modelling effects of time variable exposure to mixtures of sulfonyl urea
herbicides on Lemna

A.J. Jones, FMC Agricultural Solutions / Institute of Environmental Toxicology;
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T. Scown, FMC Agricultural Solutions; A. Samel, FMC Corporation /
Environmental Sciences; U. Hommen, Fraunhofer IME; J. Klein, Fraunhofer IME
- Institute for Molecular Biology and Applied Ecology / Ecotoxicology

The Tier 1 risk assessment of plant protection products for aquatic macrophytes is
usually based on the growth rate inhibition (ErCs) of the duckweed Lemna sp.
under 7-day constant exposure. In the next Tier, additional species can be tested to
reduce species sensitivity uncertainty and/or testing can be conducted under
modified exposure regimes to accounty for more realistic exposures (often
predicted to be shorter than 7 days). TK-TD models can help extrapolate from the
tested exposure regime to the diversity of exposure regimes predicted by the
FOCUS surface water modlels. Such models can be used to simulate laboratory
tests with time variable exposures, but they can also be coupled with a poulation
model to estimate effects on a population in the field of the full FOCUS exposure
profile over time. In the project presented here, we used an extensive labaoratory
Lemna sp. data sets with different sulfonyl urea (SU) herbicides to calibrate and
validate a TK-TD model of the growth inhibition. In the next step, validated
models for single active substances were combined to predict the effects of plant
protection products including two active substances. Laboratory studies with end
use products were used to validate the model for the product mixtures. The Lemna
model used was based on Schmitt et al. (2013). TK-TD is modelled by the use of
four parameters, permeability of the cuticula for the given substance, paritition
coefficient between water and plant tissue, and ErCs, and slope for the logistic
concentration response function related to the internal unbound concentration of
the active substance. The mixture effect was modelled by introducing a single
additional parameter which allows to consider additive, synergistic or antagonistic
effects. The Lemna TK-TD model could be parameterized to simulate the
herbicidal effects of four sulfonyl urea active substances. First analysis indicates
that effects of binary mixtures can be modelled under the assumption of
concentration addition, which is expected for substances with the same mode of
action.
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A Multi-model Approach for Increasing Environmental Realism in Risk
Assessment for Plants

B. Sackmann, D.V. Preziosi, R.A. Pastorok, Y. Atalay, Integral Consulting Inc.; J.
Davies, Syngenta / Environmental Safety; N. Galic, Syngenta Crop Protection Inc.
/ Environmental Safety

In 2018 the European Food Safety Authority (EFSA) published a Scientific
Opinion on the state of the art of Toxicokinetic/Toxicodynamic (TK/TD) effect
models for regulatory risk assessment of pesticides for aquatic organisms. The
EFSA Scientific Opinion focuses, in part, on a suite of models for primary
producers that have been developed over the last decade for algae, Lemna and
Mpyriophyllum. These models have been used to predict (sub)lethal effects of
pesticides under untested (time-variable) exposure conditions and the potential for
non-target plant populations to recover from these adverse impacts. While each of
these models have the potential to incorporate environmental realism in the form
of time-variable flow, temperature, irradiance, and nutrient availability, most
experiments and tests of the models, to date, have been done under fixed growth
conditions as observed in laboratory settings. Since the performance of these
models has not yet been characterized for environmentally realistic scenarios, we
adopted a multi-model approach to explore how results from these new models
compare and complement results obtained using AQUATOX

(https://www .epa.gov/ceam/aquatox). While the equations governing the growth
of primary producers in AQUATOX do not include mechanistic formulations of
TK/TD, the ability to readily incorporate time-variable environmental forcing
functions and ultimately trophic interactions into a well-established model are
distinct advantages. As part of the “bridging” across the different models,
AQUATOX was first setup to mimic FOCUS scenarios with static environmental
conditions, analagous to the setups used for the TK/TD models, and parameterized
using the same species-specific biological traits, toxicity data and
chemical/physical parameters. These AQUATOX FOCUS scenarios were then
extended to assess effects associated with time-variable environmental forcing.
AQUATOX simulations were evaluated to ensure that reasonable growth
trajectories could be simulated across multiple years for the various primary
producers that were modeled. Predictions and results from our combined
modelling efforts highlight the unique strengths (and weaknesses) of the various
models that were evaluated. Our approach illustrates how a multi-model approach
can be used to gain insights into single-species, population-level impacts that are
more detailed and comprehensive than can be achieved by using either
AQUATOX or an individual TK/TD model in isolation.

287

Application of functional traits in plant population modelling for chemical
risk assessments

P. Rueda-Cediel, University of Minnesota / Ecology, Evolution and Behaviour; R.
Brain, Syngenta Crop Protection, Inc. / Environmental Safety; N. Galic, Syngenta
Crop Protection LLC / Environmental Safety; V. Forbes, University of Minnesota
/ Ecology, Evolution & Behavior

The use of population models in herbicide risk assessments for plants is
recommended by the scientific community. However, demographic data to
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parameterize such models are scarce, especially for plant species of conservation
concern. Fortunately, existing global repositories of demographic (DT) and
functional traits (FT) data are now available. FT are morpho-physio-phenological
traits that influence fitness. Several correlations between DT and FT have been
identified. In this study, we investigate how such correlations compare across
terrestrial plant species of differing conservation concern and use them in the
development of a conceptual model for herbicide risk assessments for data-poor
species. COMPADRE is an online repository that compiles transition matrices
(currently for 664 vascular plant species) that summarize population demography.
Likewise, the TRY database compiles FT data (currently for 69000 plant species).
We use transition matrices for 213 species to derive different DT. Using the red
list from the IUCN we determined the conservation status for these species, of
which 50 are threatened. A Welch’s ANOVA was performed to explore
differences in demography between plant species of different conservation status.
Multivariate analyses were performed to explore similarities and differences
among species and to explore links between FT and DT. Our preliminary results
indicate that there were significant differences in resilience, population growth
rate, mean sexual reproduction, specific leaf area, leaf nitrogen and seed mass
between threatened plants and plants with no conservation concern. However,
plants of conservation concern and plants with no conservation concern did not
significantly differ in traits such as longevity, mean life expectancy, survivorship,
age at first reproduction, wood density and leaf life. The conceptual model that we
developed consists of a generalized plant life cycle with links between DT/vital
rates and FT and that links the effects of environmental variability, demographic
stochasticity, disturbances (e.g., drougths) and chemical stressors. In conclusion,
species of different conservation status differ in some sets of traits but not in
others. This suggests that in some cases we may be able to use data from species
of no conservation concern to parameterize population models for data-poor
species, but that this will need to be carefully assessed to account for differences
in other traits.
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The GraS model - Simulating the vegetation dynamics for a raster-based
landscape

S. Hudjetz, gaiac - Research Institute for Ecosystem Analysis and Assessment /
gaiac - Research Institute for Ecosystem Analysis and Assessment; M. Hammers-
Wirtz, G. Lennartz, T. Strauss, Research Institute gaiac / gaiac - Research Institute
for Ecosystem Analysis and Assessment; A. Toschki, Research Institute gaiac /
gaiac - Research Institute for Ecosystem Analysis und Assessment

Environmental risk assessment is currently facing high biodiversity losses and a
massive decline of insects in our agricultural and semi-natural landscapes. To
address these problems, the landscapes complexity needs to be regarded as a
whole, including the impact of multiple stressors. Vegetation dynamics play a key
role forming the basis of food webs and providing habitats for animals. Especially
semi-natural vegetation elements such as grassy field margins and hedges are of
utmost importance, as they e.g. provide nesting sites and food sources throughout
the year and are crucial for the resilience and/or recovery of populations. Process-
based modelling techniques are recommended to cope with this high complexity
on the landscape scale. We here present a dynamic, spatially explicit vegetation
model that describes (semi-)natural vegetation dynamics using an individual-
based model (IBM) for trees and a compartment model with difference equations
for the herb layer. Both submodels work and interact in a spatially explicit, raster-
based landscape. Input data for the model consist of spatially explicit GIS data on
specific site conditions, the surrounding vegetation, the abundance of ungulates
and land use (mowing) of a real landscape. The GraS-Model has been used for
management decisions in the Eifel National Park (Germany) and for the
management of windthrow areas in Germany. Model testing using space for time
substitution showed a good correspondence of modelled and observed vegetation
dynamics. The chosen approach was successful in modelling competition of
species as well as the impact of land use and herbivory. Site conditions
(temperature, moisture, soil pH, nutrients) have been included in the current
version of the model. The GraS-Model can be helpful to disentangle and
understand the influences of various stressors and to show indirect effects. The
model will be developed to include the toxicological effect of herbicides in
agriculatural landscapes. Simulated vegetation patterns will be used as a matrix
for insect populations in order to understand their reaction to multiple stressors
including indirect effects such as the loss of flowers in grassy field margins due to
nitrogen input and/or herbicides. With this application, we want to address the
urgent question, which management measures should be selected to restore
biodiversity or to prevent further biodiversity losses.
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The plant community model IBC-grass in ecological risk assessments: A
review of recent studies and future applications

J. Reeg, University of Potsdam / Plant Ecology and Nature Conservation; S.
Heine, Bayer Ag / Effect modelling; C. Mihan, Bayer AG Crop Science Division /
Ecotoxicology; S. McGee, Bayer CropScience LP / Environmental Health
Sciences; T.G. Preuss, Bayer AG Crop Science Division / Environmental Safety;
T. Schad, Bayer AG Crop Science Division / Environmental Modelling; K.
Koerner, F. Jeltsch, University of Potsdam
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To assess the impact of herbicide applications on semi-natural habitats like field
margins, there is an increased demand on tools to extrapolate individual-level
effects measured in standardized greenhouse experiments to population and even
community level. Main drawbacks of field studies are their reproducibility,
defining a reference community and the lack of standardization. Ecological
models are frequently mentioned as suitable tools to bridge the gap between
individual-level experiments and the protection goals on community-level as
several different environmental scenarios can be covered. The plant community
model IBC-grass represents a suitable approach to transfer the individual-level
effects into a model community in order to estimate the effects at the plant
community level. Several recent studies have explored the potential of using an
ecological model in future risk assessments. We will present the results of three
studies: The first study validated the plant community for short-term level effects
on artificial communities by comparing model predictions to empirical data. The
second study aimed at comparing the community-level impact if different
(individual-level) plant attributes are impaired by a theoretical herbicide,
including reproductive attributes such as seed number. Finally, the third study
compared the impact of a theoretical herbicide on three plant communities, which
differ in the PFT composition, resource levels and disturbances such as grazing,
trampling and cutting. These three studies give a first impression of the potential
of IBC-grass to be used in environmental risk assessments. We will also give an
outlook on potential future model developments and areas in ecological risk
assessment and management for which such a model can be a useful tool.

Complex Mixtures in the Environment: Monitoring,
Fingerprinting and Assessment (Il)
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Modelling mixture effects on the estrogen axis using an OECD related
biomarker

A. Tindall, Watchfrog S.A.; P. Ferret, Pierre Fabre Dermo Cosmetique; R.
Altenburger, UFC Centre for Environmental Research / Bioanalytical
Ecotoxicology; M. Scholze, Brunel University London / Institute for the
Environment; G.F. Lemkine, Watchfrog S.A.

Over recent decades large numbers of chemicals have been identified as
interfering with normal functioning of the estrogen axis. It has become apparent
that in order to correctly estimate the risk posed by these chemicals then, in
addition to identifying the chemical as endocrine active, two additional elements
are required. First, an understanding of the link between the measured effect and a
deleterious physiological outcome. This prevents overestimation of risk by taking
into account natural variations in signalling as well as homeostatic mechanisms.
The second of these elements is an understanding of the effects of multiple
chemical stressors acting simultaneously, as in a real-world scenario, compared to
the profile of a single chemical during a laboratory study. With this in mind we
applied a transgenic medaka fish eleuthero-embryonic model, harbouring the
choriogenin h promoter driving expression of gfp, to the problem of defining
mixture relationships. The structural role of choriogenin proteins in egg formation
suggests that this biomarker may, like the highly related vitellogenin biomarker,
not only reveal estrogen axis activity, but may also accurately predict impaired
reproduction. Using more complex exposure protocols this model is also capable
of narrowing down the mechanism of action of single chemicals. To explore the
possibility of synergistic effects following exposure to binary mixtures, we tested
pairs of chemicals exhibiting different mechanisms of action likely to result in
synergism. In addition we tested one pair of chemicals consisting of two
chemicals with the same mechanism of action, expected to give an additive effect.
The selected chemicals included pesticides, pharmaceuticals and a plasticiser,
therefore fitting the criteria of realistic mixture components for mimicking
exposure of humans and wildlife. The different binary mixtures exhibited
predicted, synergistic and anti-synergistic effects when compared to
concentration-addition and independent action models. Finally, 12 organic water
pollutants exhibiting different mechanisms of action and belonging to a variety of
chemical classes were tested individually and in two mixtures with differing
component ratios. The experimental observations correlated well with the
predicted effects of the mixtures. The ChgH-GFP model has therefore been
validated for use in determining the mechanism of action of individual chemicals
and the combined effects of complex mixtures.
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A novel sample preparation procedure for the combined assessment of
occurrence and toxicological effects of micro-contaminants of emerging
concern in surface waters.

V.F. Osorio, University of Liege; M. Schriks, Vitens N.V.; D. Vughs, P. de
Voogt, S. Kools, A. Kolkman, KWR Watercycle Research Institute

Since contaminants of emerging concern (CECs) are present in waters as complex
mixtures, target analysis often fails to explain their observed adverse effects on
aquatic organisms and human health. Thus, a proper hazard assessment of CECs
requires to be addressed by the combination of advanced chemical and
bioanalytical tools, as in effect-directed analysis (EDA). A novel sample
preparation procedure relying on Solid Phase Extraction (SPE) combining
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different sorbent materials on a sequential-based cartridge, followed by liquid
chromatography coupled to high resolution tandem mass spectrometry (LC-
(HR)MS/MS) was optimized and validated for the enrichment of 117 widely
diverse (log Kow = [-4-5]) CECs (e.g. pesticides, pharmaceuticals and flame
retardants) from surface waters (SW) and further combined chemical and
biological analysis on subsequent extracts. A battery of in vitro CALUX bioassays
for the assessment of endocrine, metabolic and genotoxic interference and
oxidative stress were performed on the same SW extracts. Satisfactory recoveries
([70-130]%) and precision (< 30%) were obtained. Internal standard calibration
curves used for quantification of CECs, achieved the linearity criteria (r2 > 0.99)
over three orders of magnitude. Instrumental detection limits and method
quantification limits were of [1-96] pg injected and [0.1-58] ng/L, respectively;
while corresponding intra-day and inter-day precision did not exceed 11% and
20%. The developed procedure was applied for the combined chemical and
toxicological assessment of SW. Levels of compounds varied from500 ng/L.
Artificial sweeteners, industrial chemicals and flame retardants were the most
abundant and ubiquitous groups. All SW samples analyzed produced a biological
response in one or more of the eight different endpoints measured. Qualitative
cause-effect relationships between concentrations of CECs and bioactivity
measured in SW extracts were described. The co-occurrence in SW of measured
and unknown compounds that might be agonists or antagonists of a certain or
multiple bioactivity triggered a complex behavior that could not be disentangled.
Thus, further assessment requires to be addressed by an effect-based monitoring
combining chemical and bioanalytical tools, as in EDA. Given the demonstrated
reliability of the validated sample preparation method, the authors propose its
integration in EDA procedures for a proper evaluation of SW chemical and
biological quality status.
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Development of an active air sampling method for the determination of
chlorinated paraffins

L. Cioni, University of Florence / Department of Chemistry Ugo Schiff; A.
Borgen, NILU-Norwegian Institute for Air Research / Environmental Chemistry;
A. Cincinelli, University of Florence / Department of Chemistry Ugo Schiff; N.A.
Warner, NILU - Norwegian Institute for Air Research / Environmental Chemistry
Chlorinated Paraffins (CPs) are a complex mixture of industrial chemicals with
various applications. This class of chemicals is of increasing concern due to their
high production volumes, high persistence/bioaccumulation, and long range
transport potential, which puts Arctic environments at risk. However, analysis of
CPs is challenging due to their extreme complexity with no established method for
their determination, resulting in knowledge gaps about their environmental levels
and fate. The aim of this study was the development of a method for the analysis
of short-chain CPs (SCCPs) and medium-chain CPs (MCCPs) in air that could be
applied to assess long range transport of CPs towards Arctic regions. Using an
active air sorbent based sampler previously developed, indoor air samples were
collected at various sampling times (4, 8 and 22 hours) to assess optimal solvent
extraction volume to elute both SCCPs and MCCPs from sampling cartridges at
varying concentration levels. Once optimal extraction volume was determined,
outdoor air samples were collected to evaluate repeatability and sorbent
breakthrough over different sampling times (24 and 72 hours). Repeatability
experiments showed concentrations obtained between parallel samplers were in
good agreement for SCCPs with %RSD ranging between 1-15%. However,
performance for the MCCPs was poor with %RSD between parallel samplers as
high as 70%. For SCCPs, no breakthrough was observed after 72 hours collection,
but for MCCPs results of breakthrough experiments were highly variable
depending on the experiment. Difference in performance between SCCPs and
MCCPs may be attributed to background contamination observed in the field
blanks. For SCCPs, blanks were at least 10 times lower than the samples, while
blank concentrations for the MCCPs were comparable or higher to concentrations
observed in the samples. In addition, field blanks from the same experiments
showed comparable concentrations for SCCPs, while for the MCCPs
concentrations were highly variable. Blank issues surrounding the MCCPs could
be due to contamination during the analytical procedure. Future work will focus
on exploring sources of MCCPs contamination to improve the sampler’s
performace for the determination of MCCPs within air samples.
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Toxic potentials of air pollutant mixtures and the role of PAHs and their
derivatives

Z. Novakova, Masaryk University / Research centre for toxic compounds in the
environment; J. Novak, Masaryk University / RECETOX Research Centre for
Toxic Compounds in the Environment; Z. Kitanovski, Max Planck Institute for
Chemistry; P. Kukucka, P. Pribylova, R. Prokes, Masaryk University /
RECETOX; M. Wietzoreck, G. Lammel, Max Planck Institute for Chemistry /
Multiphase Chemistry Department; K. Hilscherova, Masaryk University /
RECETOX Research Centre for Toxic Compounds in the Environment
According to the WHO, air pollution represents a major environmental risk to
human health and it has been linked to a higher incidence of pulmonary and
cardiovascular diseases. Air pollution comprises a complex mixture of both
known and unknown chemicals. Therefore, for the toxicity assessment, it is
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convenient to employ the battery of in vitro bioassays which cover the complexity
of such a mixture and can focus on specific molecular mechanisms of toxicity. As
for potentially toxic compounds occurring in the outdoor air, polycyclic aromatic
hydrocarbons (PAHs) represent an important pollutant group. Even though
parental PAHs are widely studied, their derivatives like oxygenated PAHs
(OPAHS) or nitrated PAHs (NPAHSs), which could significantly contribute to
adverse health effects, are frequently ignored. This study aimed to determine
levels of 58 PAHs, OPAHs and NPAHs in ambient air as well as to describe
several toxic potentials of air pollutant mixtures. Moreover, all results were further
investigated with respect to gas/PM partitioning, PM size, pollutant polarity,
geographical and seasonal variability and bioavailability from PM. For the
purpose of this study, air samples from a heavily polluted urban site and from a
background location in the Czech Republic were collected. To assess the more
specific distribution of toxic potentials, gas phase, coarse particulate phase, and
six PM size sub-fractions were sampled. Moreover, sample extracts were also
fractionated according to polarity. Also, certain filter portions were extracted by
simulated lung fluids to assess the bioavailability of studied compounds and toxic
potentials. Human-based in vitro bioassays were employed to study anti-
/estrogenicity, anti-/androgenicity, AhR-mediated activity, thyroid receptor-
mediated activity and cytotoxicity for respiratory cells. From our results, it can be
concluded that air pollutant mixtures possess endocrine disruptive potentials and
significant cytotoxicity. Studied effects were observed predominantly in the finest
fractions of easily inhaled PM and were mainly elicited by chemicals in the polar
fraction. Moreover, significant seasonal variation was detected. Therefore, air
pollutants can affect the health of the exposed population via different
mechanisms while the contribution of PAHs and their derivatives can explain only
part of observed effects. This research was supported by project GACR P503 16-
115378, by RECETOX research infrastructure (LM2015051) and by Max Planck
Society.
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Analysis of PBDEs and legacy POPs, and PAHs in human breast milk from
three Colombian cities

A.C. Torres Moreno, University of Cartagena / FACULTAD DE CIENCIAS
EXACTAS Y NATURALES; B. Johnson-Restrepo, University of Cartagena /
Chemistry and the Environment Group - School of Exact and Natural Sciences; L.
Puente, Universidad de Cartagena / Chemistry and the Environment Group -
School of Exact and Natural Sciences; K. Mejia-Grau, University of Cartagena /
Environmental and Chemistry Group; G. Codling, Masaryk University /
RECETOX; M. Cobo, Universidad de La Sabana; A. Villa, Universidad de
Antioquia / Chemical Engineering Department, Faculty of Engineering,
Universidad de Antioquia, Medellin, Colombia, 050010; O. Rios-Marquez,
University of Antioquia / Departamento de Ingenierfa Quimica; L. Pataquiva-
Chauta, Universidad de La Sabana

Polybrominated diphenyl ethers (PBDEs), polychlorinated biphenyls (PCBs),
organochlorine pesticides (OCPs), and polynuclear aromatic hydrocarbons
(PAHs) are contamiants ubiquitous in the environment. All of these compound
classes excluding PAHs were generated in relatively large volumes during their
period of industrial production and are now subject to long term monitoring and
restriction under the United Nations Stockholm Convention on persistant organic
pollutants (POPs). Concentrations of seven congeners of polybrominated diphenyl
ethers (PBDEs) were reported for first time from Colombia in breast milk (BDE-
28, BDE-47, BDE-99, BDE-100, BDE-153, BDE-154 and BDE-183).Thirty-
seven polychlorinated biphenyls (PCBs) and fourteen organochlorine pesticides
(OCP) were also analyzed in 60 human breast milk samples from volunteering
mothers collected in 2015 in three important cities from Colombia (Bogota,
Cartagena, Medellin). Most of the investigated PBDE congeners were detectable
in the breast milk, ranging in concentrations from 0.13 to 0.78 ng/g lipid wt. BDE-
47 congener had the greatest concentration among the samples (Table 1). Overall
mean concentrations of OCP oscillated between 0.44 to 6.2 ng/g lipid wt. trans-
Chlordan and Endosulfan II were greatest concentrations among OCPs found in
the matrix analyzed. On average, Cartagena was the city with the greatest
exposure to PBDEs 0.894 ng/g lipid wt, followed by Bogota 0,35 ng/g lipid wt
and Medellin 0,338 ng/g lipid wt. Overall mean concentrations of pesticides in the
cities was strongly correlated with the mean of PBDEs and OCP concentrations,
with averge exposure of 54.0, 364 and 248 ng/g lipid wt for Cartagena, Bogota
and Medellin respectively. These results could be related to the city location and
diet in each city. Cartagena is the only city located on the Caribbean coast, for
instance, the population consume fish more often than the population of Medellin
and Bogota. A current study investigating fish from the region of Cartagena may
provide insight into local exposure. The results of this study suguest that the
concetrations of PBDEs, legacy POP’s and PAHs from Breast Milk in Colombia
were present at the concentration as low as countries as US, Japan, and Eurpean
countries. This is first study in Colombia to resport different classes of PBDEs,
legacy POP’s and PAHs from Breast Milk. Acknowledgement. Colciencias Grant
No. 110759634967
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The Environment as a Reactor Determining Fate and Toxicity
of Nanomaterials (1)

296

Nanopesticides in the Environment - Understanding their Fate,
Bioavailability, Effects and Risks in Soil and Water

J. Hofman, Masaryk University, RECETOX / Faculty of Science, RECETOX; R.
Lopez-Cabeza, J. Vasickova, D. Fojtova, Z. Bilkova, Masaryk University /
Faculty of Science, RECETOX; R. Grillo, Sao Paulo State University /
Department of Physics and Chemistry, School of Engineering; M. Kah, University
of Vienna / Department of Environmental Geosciences

The application of nanopesticides would represent the first intentional diffusive
input of engineered nanoparticles into the environment. Yet, knowledge on their
environmental fate, behaviour, bioavailability and effects is lacking. Thus, there is
an urgent need to increase the fundamental scientific understanding of
nanopesticides in the environment. This research is a priority from the perspective
of ecosystem and human health and preservation of soil and water quality. On one
side, formulation scientists need data how different carrier systems behave in the
environment and how they can help designing better pesticide products and
optimising the use of pesticides. On other side, risk assessors and regulators need
this knowledge to judge between pros and contras of nanoformulated pesticides.
Such research is a basis on which nanopesticide regulation and possible
commercialization may later be established. This contribution will present the new
ongoing research project of RECETOX MU which general goal is to increase
understanding of the fate, bioavailability, effects and risks of nanopesticides in
environmental matrices. Specific aims of the research are: 1) to adapt, optimize
and verify current methods for the study of nanopesticide fate and effects; 2) to
increase understanding of factors and mechanisms of nanopesticide fate,
behaviour and bioavailability in soil and water; 3) to elucidate the impact of
nanoformulation on pesticide toxicity and risks. After the introducing the project
and its activities, the results of a pilot case study will be presented. In this study,
chlorpyrifos and tebuconazole were added to LUFA 2.1 or LUFA 2 4 soils either
as pure active ingredients or as conventional formulations or as nanoformulations
(polycaprolactone and solid lipid nanoparticles). Then, the dissipation of
pesticides in the soils and their bioaccumulation in earthworms and lettuce were
measured over 3 months in simple microcosms. The results showed that the
formulation of pesticides significantly affected their fate and bioavailability.
Nanoformulation in several cases increased the persistence of the pesticides in
soils and bioaccumulation in the earthworms. The uptake to plants was also
changed by the nanoformulation but inconsistently (decrease also observed).
Studies like this one will be needed in the future frequently to assess
environmental pros and contras of the nanopesticides.

297

Multigenerational exposure of Folsomia candida to copper agrochemicals:
conventional and nano-pesticides

J.T. Neves, Department of Biology & CESAM - University of Aveiro / Biology;
C.C. Malheiro, Department of Biology, University of Aveiro / Biology; A.R.
Silva, University of Aveiro / Dept.of Biology & CESAM; D. Nunes Cardoso,
CESAM, University of Aveiro / department of Biology & CESAM; P. Silva,
Universidade de Aveiro / Biology Department and CESAM,; J. Ul¢ar, University
of Ljubljana / Department of Biology; F. Wrona, Alberta Environment and Parks /
Department of Biological Sciences; A.M. Soares, University of Aveiro /
department of Biology & CESAM; S. Loureiro, Universidade de Aveiro / Biology
Nanotechnology applications have been growing in agriculture mainly in the form
of nanopesticides which are produced to have higher efficacy and therefore to
reduce the number and amount of agrochemicals sprays/input to the environment.
Copper fungicides are one of the most common pesticides used in conventional
and organic agriculture with worldwide application. Already available in the USA
market, Cu nanopesticides represent an intentional release of nanoparticles in the
ecosystems that raise some concern about their possible impact in the
environment. We tried to mimic two realistic agricultural scenarios where we can
have a continuous exposure to the agrochemical with aging but also with a
contamination coming in pulses. In both cases longer termed exposures are
expected for soil populations and communities, and therefore multigenerational
exposure and effects are important to assess when looking into a possible impact
on the population level. To address this issue we studied the potential toxicity of a
multigenerational exposure of copper to collembolan using a conventional
pesticide and a nanopesticide, as well as the active ingredient Cu(OH), in spiked
soil. Survival and reproduction were assessed for three generations using two
possible scenarios: 1) Aged soil, where the soil was spiked only at the beginning
of the test and, 2) Copper spiking at the start of each cohort. After three
generational exposure, the organisms were moved to uncontaminated soil for three
extra generations to assess their recovery potential. Exposure to aged soils
revealed an increasing tolerance across generations. In contrast, in treatments with
freshly spiked soil, the collembolan populations showed ongoing sensitivity. After
being moved to clean soil, exposure to copper a.i. and kocide produced prolonged
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effects, with no recovery at least after 1 generation in clean soil (e.g. F3). This
study emphasises the importance of multigenerational approaches to obtain
relevant evaluations of environmental risk associated with chronic exposure to
agrochemicals.
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Influence of dissolution on the uptake of metal nanoparticles in soil
organisms Eisenia fetida

M. Baccaro, Wageningen University / Toxicology Division; M.D. Montaiio,
Western Washington University / Environmental Sciences; X. Cui, Birmingham
University / School of Geography, Earth and Environmental Sciences; H.H. van
den Berg, Wageningen University & Research / Division of Toxicology; N. van
den Brink, Wageningen University / Dept of Toxicology

The risk assessment of metal nanoparticles (NPs) is challenged by discriminating
the uptake of true NPs from released ions in organisms. In soil, metal NPs
bioavailability has mainly been attributed to dissolution processes because
concentrations of metals in pore water have been correlated to metal accumulation
in some soil organisms. However, currently it is still not possible to completely
exclude or quantify the uptake of particulate metal. In order to investigate the role
that dissolution plays in the uptake of metal NPs in earthworms in natural soil and
to reveal any metal uptake in its particulate form, we performed a bioaccumulation
test using bimetallic NPs, Au core-Ag shell NPs (Au@Ag-NPs) and combined
exposure of Au-NPs, Ag-NPs, Ag and Au ions. The Au core of the Au@Ag-NPs
does not dissolve, and would thus behave like an indicator of nano uptake when
detected in the organisms because only the outer shell made of Ag would interact
with the exposure media. Specimens of Eisenia fetida were exposed to 1.5 mg Au
Kg' and 25 mg Ag Kg™! in different forms of Au and Ag (ionic and/or particulate)
in glass jars (n=5) containing natural, uncontaminated soil for 28 days. Au and Ag
concentrations were quantified in all the exposure soils and in the organisms by
inductively coupled plasma mass spectrometry (ICP-MS). Additionally, the
earthworms tissue exposed to Au@Ag-NPs were analysed by inductively coupled
plasma time-of-flight mass spectrometry (ICP-TOFMS) allowing to quantify
Au@Ag-NPs in their bimetallic particulate form. Metal analysis of earthworm
tissue showed that comparison amongst Ag concentrations in the earthworms
exposed to the different forms of Ag were not statistically different. However, the
concentration of Au in the earthworm tissues exposed to HAuCl4 exceeded twenty
times the others which were not statistically different\nreciprocally instead. The
co-exposure to both metal ions led to a different uptake pattern compared to the
single metal exposure, indicating that important interactions affecting uptake
occur in the soil. ICP-TOFMS measurements gave evidence of uptake of the
metals in their bimetallic nano form. In this study, it was confirmed that
dissolution is the main factor driving the uptake of (dissolving) metal
nanoparticles in earthworms. Uptake of non-dissolving particulate is much lower.
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Stable isotope tracing of silver nanoparticles in wheat

D. Tarnovska, Centre for Ecology and Hydrology / Department of Earth Science
and Engineering; A. Green Etxabe, CEH Wallingford; M. Matzke, Centre for
Ecology & Hydrology (NERC) / Molecular Ecotoxicology; T. Junk, Imperial
College London; C. Svendsen, CEH, Wallingford / Pollution and Ecotoxicology;
M. Rehkamper, Imperial College London

The rapid development of new products that incorporate silver nanoparticles (Ag
NPs), and the subsequent consumer use and disposal of such products, is
ultimately associated with the release of Ag nanomaterial (NMs) waste into the
environment. Such NMs enter natural ecosystems either by direct release or when
Ag NPs discharged into wastewater streams are captured in sewage sludge, which
is applied on agricultural land as a biosolid fertiliser. Recent research shows that
the impact of Ag NPs on plant cell structures and their physiological and
biochemical functions can differ from that induced by exposure to ionic Ag. Due
to analytical limitations, such investigations commonly focus on uptake and
effects at high and hence environmentally unrealistic concentrations, usually
exceeding the predicted environmental levels by three or four orders of
magnitude. Stable isotope tracing of NPs can overcome such limitations. This
technique employs NPs labelled with a non-radioactive, but highly distinct stable
isotope signature, which enables exposure studies with environmentally relevant
NP concentrations. In the current investigation, 20 nm-sized citrate-capped '“Ag
NPs and dissolved '’ AgNO; were added to separate batches of Lufa 2.2 soil to
give a final Ag concentration of 72 ug/kg. Winter wheat (Triticum aestivum

L.) was then grown to maturity under controlled conditions in these soils and plant
tissue samples (seed, root, shoot and grain) were taken at eight different growth
stages. The concentrations of the two labelled ' Ag forms in the tissues were
determined by MC-ICP-MS (multiple collector - inductively coupled plasma mass
spectrometry). The analyses revealed that the ' Ag uptake by wheat was higher
for the exposure to '’ Ag NPs than for the ' AgNO; treatment. The highest 'Ag
concentrations were found in the roots exposed to ' Ag NPs, exceeding those
found in roots of plants exposed to ' AgNO; by a factor of 3 to 5. No adverse
effects on the growth of winter wheat exposed to 'Ag NPs and 'AgNO; at an
environmentally relevant Ag concentration of 72 yg/kg were found. Keywords:
nanoparticles, isotope tracing, wheat
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The influence of the plant rhizosphere on the availability of silver
nanoparticles to wheat exposed in soil

E. Lahive, Centre for Ecology & Hydrology (NERC); J. Wallis, University of
Reading; C.L. Schultz, Centre for Ecology and Hydrology; A. Robinson, Centre
for Ecology & Hydrology; R. Sekine, Griffith University; D. Spurgeon, Centre for
Ecology & Hydrology; M. Matzke, Centre for Ecology & Hydrology (NERC) /
Molecular Ecotoxicology; L. Newbold, A. Oliver, Centre for Ecology Hydrology;
S. Harrison, NERC Centre for Ecology and Hydrology / Environmental
Contaminants; C. Svendsen, CEH, Wallingford / Pollution and Ecotoxicology; A.
Green Etxabe, CEH Wallingford; E.J. Shaw, University of Reading / Department
of Geography and Environmental Science; A. Dudley, University of Reading
Silver nanoparticles (NPs) are expected to reach the soil environment through the
application of sewage sludge to agricultural land and will be present
predominantly in the form of Ag,S. Although Ag,S has often been considered
biologically inert, it has been shown that Ag,S can be taken up by plants and exert
toxic effects. Growing plants may affect the behaviour and availability of NPs in
soil, particularly the rhizosphere. Plant roots are known to exude organic acids
which can impact the pH and organic carbon content of the soil, which in turn
may affect the behaviour NPs in the soil. Currently it is not known if and how the
plant rhizosphere conditions might influence the availabiltiy of Ag,S to plants
exposed in soil. The aim of this study is to investigate the influence of the plant
rhizosphere on the bioavailability of three silver forms (pristine 20 nm Ag NP,
Ag,S NP and AgNO:;) to wheat, Triticum aestivum. Plants were exposed from
seed for 14 days post-emergence in spiked soil. In order to understand how the
plant roots may be influencing the availability of Ag in the soil the extractable Ag,
pH and dissolved organic carbon (DOC) measured at distances from the plant
roots, as well as the concentration in the root, after 7 and 14 days. Significantly
higher Ag concentrations were observed in plant roots exposed to 20 nm Ag NP
compared to Ag,S NP and AgNO;. The concentration of Ag in the DTPA extract
was highest for the 20 nm Ag NP followed by AgNO; and Ag,S NP exposures.
There was equivalent accumulation of Ag in wheat exposed to Ag,S and Ag™*,
although there was almost double the amount of DTPA extractable Ag in the Ag*
spiked soils. The extractable Ag in the Ag,S spiked soils was consistently lower
compared to the other two Ag forms and did not vary significantly with time or
with proximity to the plant roots. Overall, this study showed that the extractable
Ag in the soil is influenced more by the form of Ag spiked in the soil than by the
proximity of the soil to the plant roots. However there was some evidence that soil
pH decreased with closer proximity to the roots and there was increased
extractable in the AgNO; exposure in the rhizosphere soil compared to bulk soil
after 14 days. This data coupled with information on the structure and diversity of
the bacterial and fungal communities provides insights into how the rhizosphere is
influencing the bioavailability of different Ag forms in soils.
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Toxicokinetics of silver nanoparticles in the plant Brassica rapa

Z. Khodaparast, University of Aveiro / Biology; C. van Gestel, Vrije Universiteit
Amsterdam / Ecological Science; R.A. Verweij, Vrije Universiteit Amsterdam /
Department of Ecological Science; S. Loureiro, Universidade de Aveiro / Biology
Nanoparticles (NPs) are everywhere and by ongoing applications of AgNPs, the
worries about their risks are increasing. Plants as primary producers may
especially be exposed to the AgNPs through sewage sludge application onto
agricultural land. The aim of this work was to determine the toxicokinetics of
several forms of AgNPs in Brassica rapa.Lufa 2.2 soil was spiked with 10 mg
Ag/kg dry soil of AgNPs 50 nm, AgNPs 3-8 nm, Ag,S NPs 27 nm and AgNOs.
The soil was moistened to 60 % of the maximum water holding capacity. After
one day of equilibration, plastic containers filled with 400 g moist soil for each
treatment (Ag form) received 8 Brassica rapa seeds. After germination of 50% of
the seeds, the test went on for another 42 days. At each sampling time (7, 14, 21,
28, 35 and 42 days) three replicates including 2 plants per replicate in the equator
of soil were cut from the surface of the soil and the length and the weight of the
plant were measured immediately. The different plant parts were separated and
dried in an oven. The roots of the sampled plants were carefully washed three
times with milli-Q water and dried. The dried plant samples were digested and
total Ag content measured by Graphite furnace atomic absorption spectometry. A
two-compartment model with two stages in the uptake phase was used to describe
the uptake kinetics of Ag in the plants. The Brassica rapa plants started to flower
usually 11 days after seeding, which is equal to day 7 in our test. So, maybe in the
first stage of the growth (before flowering), plants tried to absorb nutrients from
the soil as much as they can, possibly leading to a higher uptake of Ag in earlier
life stages. In the two-compartment model used, the uptake phase therefore was
divided into two stages. Stage I is the time up to day 7 before flowering and stage
1L is after flowering. The lowest uptake rate constant (K1a), the lowest transfer
rate constant (Ki) and the highest elimination rate (K2a) were seen for the Ag,S
NP exposed plants before flowering. After flowering, the root uptake rate constant
for AgNPs 50 nm (K1b) was 0.1, while that for other Ag forms was zero which
means that the plants exposed to AgNPs 3-8 nm, Ag,S NPs and Ag* stopped Ag
uptake and continued to transfer the Ag to the shoot after flowering. The results
showed that the distribution of the Ag taken up from the different forms of Ag
was different in the exposed plants.
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Advances in Soil Ecotoxicology and Risk Assessment -
Impact, Ecotoxicity Tests, and Concepts for a Retrospective
Environmental Risk Assessment (1)
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Ecotoxicological tools for precise assessment of phytotoxic effects after soil
supplementation with sewage sludge

M. Jaskulak, Czestochowa University of Technology / Faculty of Infrastructure
and the Environment; A. Grobelak, Czestochowa University of Technology /
Department of Infrastructure and Engineering; M. Kacprzak, Czestochowa
University of Technology / Institute of Environmental Engineering; F.
Vandenbulcke, LGCgE Universite de Lille

Anthropogenic activities are increasing the contamination of soils with heavy
metals that cannot be degraded and hence accumulate in the environment, having
the potential to travel through the food chain. Simultaneously, the volumes of
produced sewage sludge from wastewater treatment plants are consistently
increasing throughout Europe. Their final disposal in agriculture can appear as a
viable alternative solution to deal with such a problem. Nevertheless, re-use of
sewage sludge can pose severe risks due to their content in contaminants including
heavy metals. Hence, re-use must be precisely controlled to minimize the threat to
both, the environment and human health. The main aim of the study was to
compare and evaluate the sensitivity of different stress markers in plants exposed
to soil supplemented with sewage sludge to develop more accurate toxicity tests
which can be used across different taxonomic groups and to estimate the impact of
sewage sludge land spreading on plants. Moreover, the exposure time needed to
produce significant changes was also assessed in order to estimate if the selected
markers were not only accurate but also quick to implement. The presented study
aims to compare a wide range of potential stress markers in plants species from
three taxonomic families: brassicaceae, fabaceae and poaceae after being
exposed to soil supplemented with municipal sewage sludge. The tools used to
assess the effects of sewage sludge on plants included the germination, biomass,
roots length, the activity of antioxidative enzymes, the content of proteins, and
chlorophyll, as well as the level of DNA damage and expression of metal
chelators — metallothioneins and phytochelatins. Plants were cultivated in a
growth chamber for a kinetic between 1 and 28 days of exposure. The dose of
sewage sludge corresponded to the EU standards. Presented study showed that the
incorporation of ecotoxicological tools in risk assessment of sewage sludge
application on soils including the expression of metal chelators and level of DNA
damage, allows detection of phytotoxic effects earlier (as soon as 24h of exposure)
than with standard toxicity tests. Significant changes started to occur after 7 days
from the initial exposure. Moreover, the influence of trace metals in sewage
sludge on plants stress response has been assessed measuring the metallothionein
coding gene expression in plants exposed to non-contaminated soil supplemented
with municipal sewage sludge.
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Scaling in ecotoxicological assessment of biochar-amended soil: from single-
species test to indoor mesocosms experiment

M. Prodana, University of Aveiro & CESAM / Department of Biology; A.C.
Bastos, University of Aveiro / Department of Biology Centre for Environmental
and Marine Studies CESAM; A R. Silva, University of Aveiro / Dept.of Biology
& CESAM; R. Morgado, University of Aveiro / Department of Biology and
CESAM; S. Frankenbach, J. Serodio, Universidade de Aveiro / Department of
Biology and CESAM; A .M. Soares, University of Aveiro / department of Biology
& CESAM; S. Loureiro, Universidade de Aveiro / Biology

Application of biochar for soil amelioration and as a carbon sequestration tool is
focus of increasing interest, albeit the mechanisms behind its behaviour,
ecotoxicity and fate in soil remaining poorly understood. The current study
focused on integrative ecotoxicological evaluation of a representative biochar
(slow pyrolysis of woodchips, 620°C), added alone and in combination with
compost and mineral fertilizer, through combining the responses of soil organisms
and key processes. The study aimed at investigating the effects of the treatments
on co-existing edaphic organisms in indoor small-scale terrestrial ecosystem
models (STEMs), namely on Eisenia andrei survival and body weight, bait-lamina
consumption, morphological and production traits of rapid-cycling Brassica rapa,
and the effects of corresponding leachates on aquatic macrophyte Lemna minor. A
preliminary screening bioassay was employed to investigate the effects of
woodchip biochar on survival and weight changes in E. andrei. Statistically
significant loss of body weight was observed, and the sub-lethal ecotoxicological
parameters LOEC of 5% (w/w) and NOEC of 2% (w/w) were the foundations for
the application rate choice in the subsequent mesocosms experiment. In STEMs,
the soil was amended with the biochar, biochar-compost, NPK-based mineral
fertilizer (0.5 t/ha), and their combinations, at agriculturally relevant application
rates of 2% (w/w; equivalent to 40 t/ha). At the end of the 6-week mesocosms
experiment, a leaching procedure was conducted on disturbed soil mesocosms.
Low-to-no effect on E. andrei were revealed. There were no signs of hydric stress,
nor treatment-induced effects on photosynthetic activity in plants. Statistically
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significant stimulation in B. rapa seeds number wasobserved, in the biochar-
compost combined with mineral fertilizer. Bait-lamina consumption was reduced
in the last 12 days in the biochar-amended soil treatment. L. minor fresh weight
was the most sensitive endpoint, while dry-to-fresh weight ratios were elevated, as
response to stress. Biological responses varied from sub-lethal to neutral and/or
stimulatory, depending on the test organism, evaluated endpoints, and treatments.
Overall, the study results suggest a low risk to soil biota from the application of 40
t/ha woodchip biochar, biochar-compost and their combinations with NPK-
fertilizer. Nevertheless, the possibility of nutrients’ and/or organic compounds’
leaching requires further investigations.
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Comparative toxicity of parabens on soil species; plant and earthworm

D. Kim, Konkuk University; D. Kim, Konkuk University / Department of
Environmental Health Science; L. Kim, Konkuk University; R. Cui, Konkuk
University / Department of Enviromental Sciences; Y. An, Konkuk University /
Department of Environmental Heath Science

Parabens are added to cosmetics as well as medicines and foods. Therefore, they
are likely to be exposed to the environment through use of personal care products.
Although they are widely used in the world, there are few studies on soil
ecotoxicity of parabens such as methyl-, ethyl-, and propyl paraben. This study
assessed the soil ecotoxicity of methyl, ethyl, and propylparaben using plant and
earthworm, and compared the toxicity of each paraben. Methylparaben,
ethylparaben, and propylparaben were selected as test chemicals, and mung bean
(Vigna radiata) and earthworm (Eiseinia andrei) were used as test species.
Earthworm was exposed parabens for 7 days, and mung bean was exposed them
for 14 days. Then burrowing rate and growth inhibition was measured as endpoint
of each species. The results showed that as the concentration of parabens
increased, the number of burrowing individuals decreased as compared to the
control group. In the case of mung bean exposed to three parabens, statistically
significant effects were observed on the growth measured at 14 days. Through the
results of soil ecotoxicity, the toxicity values of three parabens for soil species
were calculated. The toxicity of parabens on earthworms were high in order of
methyl- < ethyl- < propyl paraben, whereas the effects of parabens on plants were
high in the opposite order with the results of earthworm test. In this study, we
have confirmed that parabens can affect different species in soil by using plants
and earthworms. This study was funded by the Korea Ministry of Environment
(MOE) as the Environmental Health Action Program (1485014458), and the
Graduate School of Specialization for managing information of chemical risk.
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Characterization of an agricultural soil polluted by As and its impact on
plant species diversity and health.

M. LE GUEDARD, LEB AQUITAINE TRANSFERT-ADERA / LEB
AQUITAINE TRANSFERT; J. Hellal, BRGM; O. Faure, University of Lyon /
UMR CNRS EVS EMSE Géosciences et Environnement; H. Daniel, Bureau de
recherches géologiques et minieres (BRGM); F.F. Battaglia-Brunet, BRGM /
Water, Environment and Ecotechnology Division

Arsenic (As) contamination is a major health issue. 200 million of people in the
world are exposed to Arsenic (As) contamination in drinking water. Moreover,
accumulation of As by crop plants (rice, barley...) constitute also a risk of
exposure to human. Phytoavailability of As and its compound varies among soils
and the accumulation of As in plants can lead to toxic effects on growth and
productivity. As a consequence, in complement to physicochemical analysis, the
phytoavailability of As and its toxic effects need to be taken into account during
environmental risk assessment. This study, integrated into the framework of the
WaterJPI AgriAs project, investigated the phytoavailability, the phytoxicity of As
and the plant species diversity related to the total As content and chemical forms
present in an agricultural soil contaminated by the destruction of As-containing
shells. The results showed that the As in soils from the site polluted by the
destruction of WW1 ammunition is mainly present in the form of AsV and is
phytoavailable. The leaf As content increases proportionally with the total As
content of soils. According to the results obtained with the biotest using the leaf
fatty acid composition of Lactuca sativa (Omega-3 Index), the highest polluted
area is the most phytotoxic. Moreover, the Omega-3 Index measured on plant
harvested on the site showed that the state of health of some native plant species
(B. napus and an Unidentified plant species) seems to be affected on the medium
polluted area. The absence of B. napus, P. major and the Unidentified species on
the highly polluted area, can be explained by the higth content of As on soil. The
state of the health of the only species found on the highly polluted aera (C.
arvense and M. chamomilla) does not seem to be impacted by hight level of As
even if they accumulate more As. It seems that these plant species set up defense
mechanisms for the detoxification of As. These results could explain why no crop
plant grown on the highly polluted area when the site was exploited for agriculture
and also why only two plant species are found on this area. The implementation of
biological tools on this site, in addition to physicochemical analysis, highlights the
importance of taking into account the ecological impact in risk assessment.
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Tackling EFSA recommendations on testing for Ecological Risk Assessment
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of Plant Protection Products (PPP) to in-soil organisms

L. Camargo, Universidade do Estado de Santa Catarina; T. Natal da Luz,
University of Coimbra / Department of Life Sciences, University of Coimbra; O.
Klauberg-Filho, Universidade do Estado de Santa Catarina / Solos e Recursos
Naturais; S. Pieper, German Federal Environment Agency (UBA) / Plant
Protection Products; J. Sousa, University of Coimbra / Department of Life
Sciences University of Coimbra

In the scientific opinion on the risk assessment of plant protection products for in-
soil organisms, the Panel on Plant Protection Products of the European Food
Safety Authority (EFSA PPR) identifies research gaps and makes
recommendations to further improve the current Ecological Risk Assessment
(ERA) scheme in-soil organisms. These are e.g. to improve testing and exposure
conditions at lower tier, use of Species Sensibility Distribution curves (SSDs) as a
potential approach for an intermediate tier and calibrate the assessment factors to
attain the protection goal. This contribution aims at tackling these
recommendations by presenting data on soil organisms and the insecticide
Lorsban 480 (a.i. Chlorpyrifos) as model PPP. At lower tier assessment, EFSA
PPR states that the test with predatory mite Hypoaspis aculeifer needs
amendments regarding more realistic exposure scenarios. By comparing the
reproduction of this species when exposed via soil vs. via soil+contaminated prey,
it is shown that exposure via food significantly increased toxicity to Chlorpyrifos.
Amending the test protocol to include exposure via food will increase its
relevance in ERA. As a possible intermediate tier, the use of an SSD approach is
proposed, despite the lack of standardized methods for soil species within the
same organism group. We demonstrate by testing six microarthropods and six
oligochaete species that SSDs are a feasible tools for in-soil ERA, and show that
data obtained from tests with the standard species are not always representative
for the group sensitivity. Finally, data on a higher tier Terrestrial Model
Ecosystem study, using two application scenarios (single application and multiple
applications) were performed. Specific effects were recorded, not only according
to the traits of the species analyzed (microarthropods and earthworms) but also
according to the application scenario adopted. These aspects need to be considered
when aiming at a more realistic assessment and calibration of a protective risk
assessment scheme for in-soil organisms.
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Toxicity of imidacloprid and thiacloprid to eight species of soil invertebrates
C. Lima, Vrije Universiteit Amsterdam / Animal Ecology

Since 2013, imidacloprid has its use restricted within the European Union, due to
its toxicity to bees. It is also known to be toxic to aquatic invertebrates, but there
is a gap in the knowledge concerning its toxicity towards soil invertebrates.
Aiming to bridge this gap, this study raised three questions: (i) Is there a
difference in sensitivity between the taxonomic groups of Annelida and
Arthropoda?; (ii) Is there a difference in toxicity towards the different endpoints
measured (survival and reproduction)? (iii) Is there a difference in the toxicity
towards different modes of reproduction? Ecotoxicological tests were performed
to assess the toxicity of imidacloprid and thiacloprid to Folsomia candida, Sinella
curviseta, Folsomia fimetaria, Heteromurus nitidus, Enchytraeus crypticus,
Eisenia andrei, Porcellio scaber and Oppia nitens, in Lufa 2.2 soil. Imidacloprid
was the most toxic neonicotinoid to all the species tested and to both endpoints.
There were no differences in toxicity between the taxonomic groups (Annelids,
Arthropods) nor within the different modes of reproduction (parthenogenetic
versus sexual), with sensitivity being species specific. The most and least sensitive
species to both compounds were arthropods. Within the Annelida, sensitivity of E.
andrei was more similar to that of the springtails than to E. crypticus. It is known
for insects that the difference in sensitivity between neonicotinoids can be related
to the concentration of different subunits present on the nicotinic acetylcholine
receptors. A high concentration of a subunits (high imidacloprid affinity) can
indicate a high sensitivity of the species to this compound, and so on (Thany et al.
2006; Tomizawa and Casida 2003). It remains unclear which subunits are present
in the species tested. Based on recommended apllication rates, we calculated the
PEC of imidacloprid to be 0.03 mg/kg in the top 5 cm soil layer. In earlier
laboratory toxicity tests we found a DT, of ~125 days (Lufa 2.2 soil). The
application interval sugested for the formulation Confidor is ~7 days, so after 8
applications in one year, the concentration could increase up to ~0.13 mg/kg. This
means that the PEC is already within the range of the EC,, valuesand could
eventually cause some effect on the reproduction of F. candida, S. curviseta and
F. fimetaria (0.09-0.12 mg/kg dry soil) or affect the ecosystem services these
species provide, such as the decomposition of organic matter.

Bees, Bugs and Beneficials in Environmental Risk
Assessment and Testing

308

Do we use plant protection products correctly? Effect of insecticides on the

development of the solitary bee Osmia bicornis

J. MOKKAPATI, Institute of Environmental Sciences, Jagiellonian Univeristy /
Ecotoxicology and Stress Ecology; A. Bednarska, Polish Academy of Sciences /
Institute of Nature Conservation; R. Laskowski, Jagiellonian University /
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Ecotoxicology & Stress Ecology Group

Solitary bees provide essential pollination services for many arable crops, but are
prone to global decline due to intensive agricultural practices such as pesticide
usage, posing a major threat to the food security and ecosystem stability.
Understanding pesticide toxicity to bees is crucial for protecting pollinator
populations, as it may not be possible to cease pesticide usage at the moment
because of the growing demand for food. The solitary red mason bee Osmia
bicornis is regarded as a model organism for pesticide risk assessment but the
scarcity of information about effects of pesticides to this species limits its use in
pesticide regulation scheme. In this study, the effect of three commonly used
insecticide formulations on the development of O. bicornis was studied by
exposing larvae to insecticide-contaminated multifloral pollen. The insecticides
were: Dursban 480 EC, containing the organophosphate insecticide chlorpyrifos
(CHP), Sherpa 100 EC, containing the pyrethroid cypermethrin (CYP), and
Mospilan 20 SP, containing the neonicotinoid acetamiprid (ACT). At all five
tested concentrations of the formulations containing CHP and CYP, significantly
lower larval survival was observed with respect to the control (P<0.01).
Significant decrease in the 18-day larval body mass (P<0.003) and cocoon weight
(P<0.02) further supported the severe influence of CHP and CYP formulations on
O. bicornis development. Moreover, a significant delay in cocoon formation was
observed for CHP-treated larvae (P=0.008) but not in the larvae exposed to CYP
(P=0.4). In contrast, formulation containing ACT did not affect larval survival
(P=0.90). Also, neither larval body mass nor cocoon weight (P=0.4) was affected
by ACT and only marginally significant delay in cocoon formation (P=0.08) was
found. Although the effect found so far in ACT-treated larvae was moderate, the
emergence rate of F1 progeny and their later survival rates are still in question.
Overall, it is clear from this study that at least some insecticide formulations, here
those containing CHP and CYP, affect the development of O. bicornis even at
concentrations actually found in pollen in the field, indicating an urgent need for
revising current pesticide usage recommendations. This study was supported by
National Science Centre Poland (grant No. 2015/19/B/NZ8/01939).
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Development of a test method for herbivorous lepidopteran larvae

E.G. Padilla Sudrez, University of Koblenz-Landau / Natural and Environmental
Sciences; C. Bruehl, University of Landau, Institute for Environmental Sciences /
Institute for Environmental Sciences; C. Berg, C. Walter, T. Moser, Eurofins
Agroscience Services Ecotox GmbH

Currently, the environmental risk assessment of Plant Protection Products (PPP)
does not consider the exposure via food ingestion of herbivorous arthropods.
Therefore, a prominent route of exposure is not addressed in standard test
protocols. To help filling this methodological gap, the testing of lepidopteran
larvae was proposed by the EFSA (2015) to represent herbivorous non-target
arthropods in eco-toxicological testing, as they play an important role in the
ecosystem and are widely distributed across Europe. This study aims to contribute
to the environmental risk assessment of PPP, by developing a new test method
suitable to assess the potential effects of oral exposure on herbivorous
lepidopteran larvae. The development of the test method was divided in three
major steps to examine the suitability of the chosen method: 1) the rearing of the
species Vanessa cardui and Pieris brassicae under controlled laboratory
conditions 2) the test system development with the key aspects: route of exposure,
environmental test conditions, test units, life stage, synchronization, reliability and
reproducibility 3) the most relevant and suitable endpoints (e.g. mortality, feeding
rate, pupation rate) for the test system considering the mode of action of the
pesticide applied. Furthermore, the shortcomings, recommendations and further
improvements of the test method will be discussed.
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Multi-stress effects on honey bee colonies

C. van Dooremalen, T. Blacquiere, F. van Langevelde, Wageningen University &
Research

High losses of honey bee colonies in recent decades are of great societal and
economical concern and has been experienced as sign of vulnerability of
agriculture, including the service of crop pollination, and of beekeeping. Varroa
destructor infestation is acknowledged as an important cause of these losses and
often suggested to act in concert with contributing stressors, such as or exposure
to insecticides, infestation by Nosema spp., or low or monotonous food
availability. In several different field experiments, we studied the relative and
interactive effects of V. destructor infestation and these stressors at field-realistic
exposures on the performance and survival of honey bee colonies. Colonies
infested by V. destructor were 13% smaller in size and were 59.1 times more
likely to die than colonies infested with low levels of V. destructor, but in contrast
to the expectations no interactions with Nosema spp. or imidacloprid were found
for colony size or survival. Nor did we find a direct effect of imidacloprid on
colony size or survival. At individual level in these colonies however, pollen
foragers from colonies exposed to V. destructor in combination with imidacloprid
flew less far (when tethered in a flight mill) compared to colonies exposed to a
single stressor. Colonies as a superorganism may well be able to compensate at
the colony level for negative effects of stressors on their individuals. In all of our
experimental studies under field realistic exposure to stressors, V. destructor was
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by far the most lethal stressor for honeybee colonies.
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BEEHAVE validation and resulting insights for the design of field studies
with bees

A. Agatz, IBACON GmbH / Ecological Modelling; T. Preuss, Bayer Ag /
Environmental Safety

Factors affecting honey bee health are manifold (including diseases, parasites,
pesticides, environment and socio economic factors). A lack of standard
procedures for higher tier risk assessment of plant protection products for bees and
the inability to conduct higher tier studies for all plant protection products, their
different use patterns, and at different climatic zones makes coherent availability
of data and their interpretation and the use for higher tier risk assessment
challenging. Focus has therefore been given to the development of modelling
approaches which in the future could fill this gap. BEEHAVE is the first model
attempting to link two of the processes vital for the assessment of bee mortality;
the within-hive dynamics for honey bee colonies and bee foraging in
heterogeneous and dynamic landscapes. Here we show results of several
BEEHAVE validation studies conducted. We specifically focusing on insights
gathered through these modelling exercises for the design and the usability of field
studies for further development, testing and validation of the BEEHAVE model.
Overall the model validation shows that predictions of bee hive dynamics fit
observations of the total number of adult bees, the total number of offspring in the
hive, and the production of drones well. This result underpins the results of the
EFSA evaluation of the BEEHAVE model that the most important inhive
dynamics are represented and correctly implemented in the model with empirical
evidence. Agreement between data and model predictions is particularly high for
the initial experimental phase prior the generally conducted relocation of the bee
hive from the actual experimental landscape to an overwintering site. Increased
discrepancy following the relocation is an artefact of lack of information on the
landscape characterisation of the overwintering site for model parameterisation;
leading to increased inaccuracy of the model prediction for pollen and nectar
resources in the hive, that in turn determines the abundance of bees and thus the
overwintering survival probability of the colony. To better assess the suitability of
using BEEHAVE for the prediction of bee colony overwintering survival as an
important endpoint for higher tier risk assessment for bees it is vital to redistribute
experimental efforts allocated to a field study towards a more equal bee hive and
landscape investigation throughout the entire experiment, rather than a bias
towards the actual exposure phase.
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Modelling the impact of insecticides on arthropod populations of agricultural
interest

A. Lanzoni, Universita di Bologna / Dipartimento di Scienze e Tecnologie Agro-
Alimentari; L. Depalo, A. Masetti, E. Pasqualini, G. Burgio, Alma Mater
Studiorum University of Bologna / Dipartimento di Scienze e Tecnologie Agro-
Alimentari

Mortality and median lethal dose/concentration (LD50/LC50) are used as
toxicological endpoints in 95% of published studies in the SELCTV database.
Such methods do not provide enough information about the actual effects that may
occur in pesticide-exposed populations over periods longer than a few days,
resulting in an oversimplification of the potential consequences of pesticide-
induced stress. A demographic approach provides better toxicological information
than lethal dose estimates We present two case studies where Matrix Population
Models (MPMs) are used for assessing the potential impact of insecticides on a
beneficial insect - Adalia bipunctata (L.) (Coleoptera: Coccinellidae) - in
laboratory and for evaluating the resurgence of the two-spotted spider mite -
Teranychus urticae Koch (Acarina: Tetranychidae) after insecticide application in
semi-field conditions. The general model used to simulate population dynamics
consists of a matrix containing 7) survival probabilities and i7) fecundities of the
population. In both case studies, demography has been used to evaluate the effects
of pesticides on populations by means of a Life Table Response Experiments
(LTRES). In the first case study exposure of adult stage to fresh residues on leaf
surface of rynaxypyr, spirotetramat flonicamid and spinetoram significantly
reduced population growth index (X) in comparison with control. Direct exposure
of A. bipunctata adults to imidacloprid also produced a significant reduction of A.
LTREs analyses showed very different effects on the vital rates among
insecticides. In the second case study the estimated matrices supported the
hypothesis that some insecticides, namely ethofenprox, deltamethrin and beta-
cyfluthrin, fostered a higher mite population growth than the untreated control.
LTRE:s indicated that the higer population growth was mostly due to increased
adult fecundity and egg fertility, thus suggesting a likely trophobiotic effect.
Demographic approach showed to be effective to evaluate both lethal and sub-
lethal effect of the insecticides either on beneficials and pests. Moreover, LTRE
resulted a very sensitive method and pointed out significant differences among
insecticides belonging to the same group or sharing the same mode of action.
Moreover, we demonstrated that the demographic approach can be extended to
semi-field and field studies for the assessment of pesticide effects. Keywords:
Matrix Population Models, Ecological risk assessment, Sublethal effects, Spider
mites resurgence.
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Assessment of toxic reference chemicals of honeybee brood studies under
semi-field conditions in Korea

K. Chon, H. Lee, B. Kim, National Institute of Agricultural Sciences; K. Park,
National Institute of Agricultural Sciences / Chemical Safety Division; M. Paik, J.
Oh, J. Moon, Y. Choi, National Institute of Agricultural Science

Honeybee semi-field tests based on OECD No. 75 were successfully perfomed for
3 years in Korea. Honeybee semi-field tests were carried out to confirm the
sensitivity of the method using two reference chemicals (dimethoate and
diflubenzuron) in 2016 and to assess the effect of carbaryl wettable powder (WP)
and imidacloprid microemulsion (ME) from April to May in 2017 and 2018,
respectively. The experiments included three treatment groups (control, toxic
reference chemicals (dimethoate and diflubenzuron), and test materials (carbaryl
WP and imidacloprid ME), each with three replicate tunnels. The honey bee
colonies were introduced in the tunnels with a size of 70m? containing flowering
Brassica napus. The dimethoate emulsifiable concentrate (EC) 46% and
diflubenzuron wettable powder (WP) 25% were used as reference chemicals. The
toxic reference treatments were 400 g dimethoate a.i./ha and 600 g, 800g
diflubenzuron a.i./ha. The mortality of the honey bees, foraging activity, brood
development, and condition of colonies were assessed during the 28 day testing
period following BFD 0 (brood area fixing day 0). For the brood assessment, 200
cells containing eggs were selected and evaluated by the computer assisted digital
image analysis. The mean brood termination rates (BTRs) ranged from 20.50 to
31.33% in the control group. Treatment with dimethoate and diflubenzuron led to
a drastic decrease in the brood development, resulting in BTRs ranging from 68.0
to 100.0% .

Fish Model Species in Human and Environmental Toxicology

(i)
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Combination of six different zebrafish embryo behaviour assays for
neurotoxicity screening

A. Haigis, Institute for Environmental Research RWTH Aachen University; A.
Schiwy, RWTH Aachen University Institute for Environmental Research; J.
Legradi, VU University; H. Hollert, RWTH Aachen University / Institute for
Environmental Research

In the last decade various behaviour assays using zebrafish embryos and larvae
were developed, aiming for a fast and easy to use screening tool able to detect
neurotoxic substances. Tests like the light/dark transition test, locomotion test or
photo motor response (PMR) test were successfully applied by different scientists
to identify compounds with potential neurotoxic effects. So far, most studies
perform only single behaviour tests a combination of different assays is rarely
done.Therefore, this study combined six different zebrafish embryo behaviour
assays to screen for neurotoxic effects of 10 pesticides, known to affect
organisms, and one spiked environmental extract. The pesticides were tested in
four different concentrations in a continuous exposure (until 0-5 days post
fertilisation) and the applied behaviour assays were: Spontaneous movement,
PMR, locomotion, touch response, thigmotaxis and light/dark transition. The
behavioural tests are further validated using biomolecular techniques like the
ACHhE inhibition measurments, transcriptomics and metabolomics.Our aim was to
assess the applicability and usefulness/significance of combining all these assays
for medium-high through put neurotoxicity screening.Although the PMR is easy
to perform its results showed different and inconsistent outcomes, leading to the
conclusion that this assay needs further optimisation. The touch response assay
was less sensitive than the other tests possibly due to the big variation in
behaviour after the touch stimulus. But even with this test embryos with strong
effects could be identified. The commonly used tests such as light/dark transition
and locomotion were more reproducible and sensitive and seem to be better suited
to identify neurotoxic compounds. With the combination of tests more compounds
were classified as potentially neurotoxic than when using only single behavioural
test. This shows that a combination of tests might be better suited for
neurotoxicity screening than single tests. To further improve the use of such a
screening approach different exposure times will be investigated to account for the
influence of the onset of metabolism on neurotoxic effects. Also, including further
tests such as avoidance behaviour could be helpful tools for screening and are
therefore considered for further investigation.
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FISH EXTENDED ONE GENERATION REPRODUCTION TEST: A
COMPARISON BETWEEN MEDAKA AND FATEAD MINNOW

T.J. Goodband, Smithers Viscient (ESG) Limited; D. Mitchell, Smithers Viscient
(ESG) Ltd

The Medaka Extended One Generation Reproduction Test (MEOGRT) is a
standard OECD Test Guideline (No. 240) using multiple generations of fish to
generate data relevant to ecological hazard and risk assessment of chemicals. The
test evaluates population relevant parameters, such as survival, gross
development, growth and reproduction but also includes endpoints which may
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provide evidence of endocrine disrupting properties of a chemical such as
measuring vitellogenin (Vtg), phenotypic secondary sex characteristics (SSC) and
histopathology. The MEOGRT has been designed and validated for use with the
Japanese medaka (Oryzias latipes). The small size, relatively short life-cycle,
easily identifiable phenotypic secondary sex characteristics and genetic sex
determination makes O. latipes a suitable species for laboratory testing. However,
for some potential endocrine affecting chemicals; this may not be the most
sensitive, and hence appropriate, species to use for testing. How then can the
methodology be best adapted for use with different species and what are the
challenges posed? This presentation compares experimental control data for O.
latipes and fathead minnow (Pimephales promelas) showing how the
methodology was adapted to achieve a successful outcome and ensure regulatory
acceptance and the pros and cons for the use of each species.
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Advancing the zebrafish embryo test for endocrine disruptor screening

L. Vergauwen, University of Antwerp / Zebrafishlab Dept Veterinary Sciences &
SPHERE Dept Biology; E.D. Michiels, University of Antwerp / Zebrafishlab Dept
Veterinary Sciences; A. Van Nuijs, A. Covaci, University of Antwerp /
Toxicological Center; S.J. Van Cruchten, University of Antwerp / Applied
Veterinary Morphology, Dept Veterinary Sciences; D. Knapen, University of
Antwerp / Zebrafishlab Dept Veterinary Sciences

Endocrine disrupting chemicals (EDCs) have been receiving increasing attention
in chemical regulations in the European Union. New and improved approaches are
needed to meet evolving regulatory requirements worldwide, while at the same
time reducing the use of laboratory animals. In this context, the zebrafish embryo
offers particular advantages. In this study we provide additional tools and methods
to advance the use of the zebrafish embryo for obtaining the required information
on ED properties: (1) we explored the use of micro-injection into the yolk of
zebrafish embryos as a way to overcome the difficulties related to aquatic
exposure to EDCs, which are mostly hydrophobic, (2) we also propose additional
endpoints to inform on the ED mode of action. We first compared micro-injection
to the traditional aquatic exposure route using five pharmaceuticals with different
ED modes of action and observed similarities but also important differences in the
responses. We studied these differences in more detail and first focused on
toxicokinetics. In both exposure scenarios, internal doses of 17a-ethinyl estradiol
(EE2) decreased after 24 hours post fertilization while this was primarily expected
after injection, showing the importance of biotransformation and/or elimination in
both exposure routes. Next, we observed comparable estrogen receptor (ER)
activation after aquatic exposure and injection using a transgenic reporter line, and
brain aromatase and vitellogenin (vtg) mRNA levels responded in both scenarios.
While vtg protein levels are widely used as a biomarker in adult fish, in embryo-
larval stages vtg has so far only been shown to respond to ED at the transcriptional
level. Vtg protein levels responded to strong (EE2), moderate (4-tert-octylphenol)
and weak (bisphenol A) ER agonists after aquatic exposure. The lower sensitivity
of this endpoint seemed to limit the potential to detect vtg alterations after
injection. We also observed an increased number of functional hair cells in the
developing neuromatsts after exposure to 10 ng/L EE2. While the differences in
toxicity between aquatic exposure and micro-injection were mainly observed at
high levels of biological organisation, low level markers of ED responded in both
exposure routes. Micro-injection could therefore be used for screening
hydrophobic chemicals. New endpoints such as vtg protein levels and neuromast
development can be used to provide additional information on the ED mode of
action.
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Assessment of the effects of binary mixtures of PAHs on the cardiac function
of the rainbow trout (Oncorhynchus mykiss) larva

C.Rigaud, A. Eriksson, E. Vehnidinen, University of Jyvaskyla / Department of
Biological and Environmental Science

Fish early life stages (ELS) are among the most sensitive to the developmental
toxicity caused by polycyclic aromatic hydrocarbons (PAHs). In addition to the
well-documented aryl hydrocarbon receptor (AhR) mediated toxicity of some
PAHs such as retene, some weaker AhR agonists like phenanthrene can also
produce cardiovascular defects such as arrhythmia via AhR-independent
mechanisms. The aim of the present study was to assess the effects of several
PAHs, alone or in mixture, on the cardiac function of the rainbow trout
(Oncorhynchus mykiss) ELS. Newly hatched rainbow trout larvae were exposed
for 1, 3 or 7 days to three different individual PAHs, retene (RET), pyrene (PYR)
or fluoranthene (FLU), at sublethal doses (3.2, 10 and 32 pug/L for RET and PYR;
5,50 and 500 pg/L for FLU). Binary exposures to either RET or PYR in
combination with FLU were also performed for all tested doses. For each larva,
the heart rate (BPM) and the average standard deviation (SD) of the interval
(seconds) between each heartbeat were measured. This later parameter was used
as an index of the heartbeat regularity. Larvae were scored for deformities
(oedemas, haemorrhage and craniofacial deformities) and morphometric
parameters such as larval length and yolk sac area were also measured. The heart
rate was significantly reduced already after 1 day of exposure at the highest dose
of FLU, alone or in combination with the highest dose of PYR. However, the
heartbeat regularity was unaffected after 1 day of exposure at any dose and for any
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compound, alone or in mixture. After 3 and 7 days, the heart rate was significantly
reduced at the highest dose of FLU, alone or with any PYR dose. The intermediate
dose for FLU also significantly reduced the heart rate at 3 and 7 days, but this
effect was almost entirely abolished when combined with the low or medium
doses of PYR, suggesting possible non-additive or antagonistic interactions
between the two compounds. Heartbeat regularity was significantly altered after 3
and 7 days at the highest dose of FLU, alone or coupled with any PYR dose:
larvae exposed to those treatments displayed very clear signs of arrhythmia. The
data from the exposure to RET alone or in combination with FLU is still under
analysis. The assessment of the expression of several genes (including cypla) via
gqPCR in individual larvae is underway, as well as exposures involving binary
mixtures of phenanthrene and fluoranthene.
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Carcinogen Induced High-Throughput Screening Model of Pro-Angiogenesis
in Zebrafish Embryo-Larvae
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Tumour angiogenesis is a key target area in cancer drug development. Evaluating
the efficacy of novel angiogenic inhibitors require development of suitable animal
models in which vasculature can be easily explored. Zebrafish, a vertebrate
organism has proved to be a promising model in cancer research. The optical
transparency, highly characteristic blood-vessel patterning with short period of
development (96 hour post fertilization; hpf) make the zebrafish embryo-larvae
best suited for vascular biology studies. Normal vasculature of zebrafish embryo-
larvae has been exploited to screen anti-angiogenic compounds. Compared to
normal vasculature, tumour induced vasculature shows profound morpho-
functional modifications. Accurate efficacy of a drug can be reached by studying
its effect on tumour angiogenic or pro-angiogenic model. Engrafting tumour cells
into zebrafish embryo-larvae (tumour xenograft) is a widely used technique to
trigger angiogenesis. It requires fluorescently labeled human cancer cells, skilled
personnel and huge number of tumour xenografts for large scale screening.
Treatment with carcinogenic chemical can be an easy and rapid alternate approach
to induce pro-angiogenesis. In this study, we used known carcinogenic chemicals,
lindane (an organochlorine pesticide) and benzo-a-pyrene (polycyclic aromatic
hydrocarbon pollutant). Zebrafish embryos (24 hpf) were exposed to four sub-
lethal concentrations for each of the two compounds along with appropriate
control. At 96 hpf, the larvae were subjected to whole mount alkaline phosphatase
staining allowing microscopic evaluation of two angiogenic parameters [number
of sub-intestinal vessels (SIVs) and vessel length]. As compared to the
development of normal angiogenic basket formed in the dorsal-lateral part of the
yolk in the control larvae, benzo-a-pyrene and lindane exhibited pro-angiogenesis
which was evident by their potential to disrupt the angiogenic basket giving rise to
outward and internal branching of the vessels. This zebrafish efficacy-toxicity
model of pro-angiogenesis can be employed as a high throughput screening tool
for dual purpose. Firstly, to screen for pro-angiogenic / carcinogenic potential of
compounds, resulting in selection of safer compounds entering the agricultural
market as well as cancer risk assessment of harmful pollutants. Secondly, the
carcinogen induced pro-angiogenic model can be used to screen for potential anti-
angiogenic compounds in cancer drug discovery.
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CHARACTERISATION AND 3D RECONSTRUCTION OF
MELANOMACROPHAGE CENTERS IN SHORTHORN SCULPINS
(Myoxocephalus scorpius)
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Melanomacrophage centres (MMCs) are distinct aggregations of pigment-
containing cells in internal o