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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 as well as managers and engineers others interested in environ-
mental issues. The Society of Environmental Toxicology and Chemistry (SETAC) was founded in
North America in 1979 to fill the void. Based on the dynamic growth in the Society’s membership,
meeting attendance and publications, the forum was clearly needed. SETAC has two administrative
offices, in Pensacola, Florida, USA, established in 1990, and in Brussels, Belgium, established in
2003.

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, World Council, Geographic Unit Boards of Directors and Councils, and Committee
members and governance of activities. The proportion of members from each of the three sectors
has remained nearly equal over the years.

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 applica-
tion than that of many other societies.

The Society is concerned about global environmental issues. Its members are committed to Envi-
ronmental Quality through Science®, to timely and effective communication of research, and to
interactions among professionals so that enhanced knowledge and increased personal exchanges
occur. SETAC’s growth has been marked the establishment of geographic units around the world:
SETAC Europe in 1989, SETAC Asia/Pacific in 1997, SETAC Latin America in 1999 and SETAC
Africa in 2012. As evidence of international acceptance of the SETAC model and of the great in-
terest at the local level, regional chapters of the geographic units are being considered for a number
of countries.

Publications

Environmental Toxicology and Chemistry, an internationally acclaimed scientific journal, has
grown from a quarterly publication of fewer than 400 pages annually in 1980 to a monthly publica-
tion of nearly 3,000 pages annually.

Integrated Environmental Assessment and Management, launched in 2005 to bridge the gap be-
tween scientific research and its application in environmental decision-making, regulation and
management, has become a well-respected quarterly publication of 700 pages annually.

SETAC Books total more than 100, encompassing workshop results and other scientific studies.



Keynote Abstracts

K1

The Plastic Tide

Thomas Maes, Cefas, UK

BIO: Thomas Maes is a recognised science leader with nearly 10 years' experience
in many aspects of coastal and ocean monitoring, ranging from chemical
pollutants and related biological effects to marine litter and other emerging
compounds. He has good interpersonal skills and is an effective communicator in
different languages. Thomas is Cefas™ International and National Monitoring
Programme Coordinator who joined Cefas in 2008 after an international career as
environmental manager for large marine development projects. He coordinates
and develops Cefas’ international monitoring programmes and provides advice to
UK Government issues related to human activities such as contaminant and other
emerging pressures. He is involved in the assessment of data and adaptation of
monitoring programmes for further implementation of the MSFD. Thomas is
currently also chairing the OSPAR monitoring and assessment group (MIME) and
acting as the UK expert on Marine Litter in the European task groups. He manages
large, multi-disciplinary research projects and monitoring programmes including
leadership of several EU-funded programmes in relation to contaminants and
marine litter (e.g.: MICRO, MARLISCO,...).

K2
Climate Change and Environmental Contamination by Chemicals: Do They
Affect Ecological and Human Health?

K3
Environmental Assessment of Cosmetics and Personal Care Products:
Challenges and opportunities

Arja Rautio, Thule Institute, University of Oulu, Finland

New emerging contaminants, persistent organic pollutants (POPs) and toxic
metals are transported to the Arctic from regions at lower latitudes. During the last
twenty years the Arctic Monitoring and Assessment Programme (AMAP) has
followed the levels of POPs and metals in environment, wild-life and human
populations, especially pregnant women. Most POPs and metals are declining in
many Arctic regions, but there are some areas and populations where levels
remain high. Elevated concentrations of toxic metals (usually mercury) and
environmental contaminants (dioxins and PCBs) have been measured in
Greenland and Canada from seafood, like marine mammals and fish, and dietary
advice is needed for users of traditional and local foods. Interactions between
climate change and contaminant transport have the potential to change human
exposure in the Arctic significantly. It is not possible to estimate the likelihood
and magnitude of the health impacts and the changes in exposure.

The incidence of many Western type of diseases, like diabetes, heart diseases and
cancers, has increased globally, and high increase in numbers have been found
among people living in the Arctic. It has been assumed that environmental
pollutants may have a contributing effect especially in some heavily exposed
Indigenous populations. Epidemiological studies have shown the connections
between contaminant exposure (especially mercury) and changes in foetal growth
and child development and cardiovascular effects. However, investigations on the
precise impact of environmental pollutants on human health are difficult to study,
because there are many factors, which affect simultaneously and varying degrees.
These include genetic background, age, sex, diseases, exposure history and
environment. Environmental factors include mixtures of contaminants and other
chemical compounds to which individuals are commonly exposed. Knowledge
about the effects of mixtures is mainly missing and difficult to study at population
level.

Exposure during the foetal period is in special attention in the epidemiological and
mechanistic (in vitro) studies, because foetal stage is the most vulnerable during
human life. During the last decade there have been several research projects under
the framework of the EU, which have focused on potential toxicity at low
exposure levels of environmental contaminants to child development (projects like
ENRICO, OBELIX, CLEAR, INUENDO, ArcRisk, PHIME). One goal of this
research has been to collect all the existing evidence about the associations
between environmental contaminants and measured health outcomes. The
evaluation of potential human health risks and their magnitude is needed.

Changes in climate, environmental and land use together with socioeconomic
factors have impact on the contaminant exposure for wild-life and humans.

BIO: Arja Rautio, research professor, MD, PhD, Eurotox ERT, has been working
in the field of circumpolar health since 2006 in the Thule Institute and Faculty of
Medicine, University of Oulu, Finland. She is leading and participating in several
national and international research projects, which focus on climate change,
environmental health, risk assessment, and indigenous health and wellbeing. She
is a chair of the University of the Arctic Thematic Network of Health and
Wellbeing in the Arctic (www.uarctic.org), and is leading the international
Master's and Doctoral programs on Circumpolar Health and Wellbeing. Dr Rautio
is working as a national key expert in the Human Health Expert groups of the
Arctic Monitoring and Assessment Programme (www.amap.no) and Sustainable
Development Working Group (www.sdwg.org). She has been nominated as a
national member to the International Arctic Science Committee - Social and
Human Sciences Group (http://iasc.arcticportal.org). She is a chair of the Nordic
Society of Circumpolar Health.

Marc Leonard, L'Oréal Advanced Research, France

Despite a frequent image of futility, cosmetic and personal care products provide
strong societal benefits. For centuries, their use has been motivated worldwide by
the continuing need for hygiene, beauty and self-esteem.

Nowadays, cosmetics and personal care products (CPCP) are most frequently used
in the bathroom. After rinsing they flow down the drain where they mix with
wastewaters. In industrialized countries they are directed to sewage treatment
plants, but in many developing countries wastewaters may directly be discharged
into rivers or the sea shore. In addition, certain products such as sunscreens may
be directly released by swimmers in lakes, rivers or the ocean.

The exposure of the environment to cosmetic and personal care products is
relatively low compared to contaminants from other industrial sectors but
nonetheless, the environmental risk assessment of their constituents is done in a
similar manner. Assessing their potential environmental impact faces significant
methodology challenges because of their extremely diverse composition, from
single ingredients to heterogeneous complex mixtures such as natural extracts and
essential oils.

In parallel, there is a worldwide trend to move away from animal testing for the
human and environmental safety assessment of cosmetics and personal care
products. In this regard, fish which are key aquatic models in environmental risk
assessment, fall into the scope of several international regulations for the
protection of animals used for scientific purposes. As a consequence, replacing
animal testing for the safety assessment of cosmetic and personal care products
faces additional challenges when addressing environmental issues such as fish
long term toxicity, environmental endocrine modulation and bioaccumulation,
where fish BCF data are still required for regulatory PBT/vPvB classification.
Cosmetic companies share with authorities the desire to inform the public which
products have the best environmental profile. Thus, several projects are under
study at national (e.g. French) and international (e.g. EU) levels for consumer
products environmental footprint labelling, including cosmetics and personal care
products. They plan to assess the impact of products on aquatic ecosystems with
the USEtox model, developed for Life Cycle Assessment (LCA). But some
deviating results are obtained when using other methodologies such as the Critical
Dilution Volume (CDV) calculation, which is required to award the European
Ecolabel for cosmetics products. Concordant and relevant methodologies are
needed and progresses are being made in this direction.

Nonetheless, this challenging context provides opportunities to develop alternative
methodologies to anticipate potential short and long term adverse environmental
effects of cosmetic and personal care products. Benefits are even expected from
the field of human toxicology screening, where aquatic models such as the fish
embryo are gaining much interest.

The purpose of this presentation will be to present the trends and advances in
these fields.

BIO: Marc Leonard is presently head of L'Oreal Research & Innovation,
Environmental Research Department. He obtained his doctorate in Veterinary
Medicine from the Veterinary School of Maisons-Alfort (France), with a
specialization in environmental toxicology from the Centre des sciences de
I'Environnement - Metz University (France). The main activities of his department
cover two domains : (1) Environmental Assessment of raw materials and cosmetic
preparations with applied research aimed at developing cost-efficient assessment
tests as potential alternatives to the corresponding OECD guidelines. Domains
cover acute and chronic aquatic toxicity (soft and marine waters), bioaccumulation
and biodegradation assessment. (2) Invertebrates and Fish Embryo models as
potential alternative methods in Human Toxicology and Pharmacology.

He has been co-chairman of the HESI (Health & Environmental Sciences
Institute) Committee on the Emergence of Animal Alternative Needs in
Environmental Risk Assessment. He was member of the OECD Fish Embryo
Toxicity Expert Group, and OECD Expert Group on Invertebrates Reproduction.
He has hosted and co-organized several international workshops on the Fish
embryo model with international partners such as HESI and UFZ (Helmotz
Center) and contributed to publications in these fields.

SETAC Europe 26th Annual Meeting Abstract Book 3



Platform Abstracts

Contaminants of Emerging Concern in the Environment and
their Management (1)

1

Solutions for present and future emerging pollutants in land and water
resources management

W. Brack, Helmholtz Centre for Environmental Research UFZ / EffectDirected
Analysis; R. Altenburger, UFC Centre for Environmental Research / Bioanalytical
Ecotoxicology; D. Bunke, Oko-Institut e.V./ Sustainable Products Material
Flows Division; W. Busch, Helmholtz centre for environmental research - UFZ /
Bioanalytical Ecotoxicology; G. Engelen, Flemish Institute for Technological
Research VITO; B.1. Escher, Helmholtz Centre for Environmental Research UFZ /
Cell Toxicology; B. Gawlik, European Commissions Joint Research Centre JRC;
M. Krauss, Helmholtz centre for environmental research - UFZ / Effect Directed
Analysis; C. Lindim, Stockholm University; I. Liska, International Commission
for the Protection of the Danube River ICPDR; J. Munthe, IVL Swedish
Environmental Research Institute Ltd; P.A. Neale, Griffith University / Smart
Water Research Centre; L. Posthuma, RIVM / Centre for Sustainability
Environment and Health; T. Schulze, Helmholtz centre for environmental research
- UFZ / EffectDirected Analysis; F. Sleeuwaert, Flemish Institute for
Technological Research VITO; J. Slobodnik, Environmental Institute; J. van Gils,
DELTARES; A. van Wezel, KWR Watercycle Research Institute / Chemical
Water Quality and Health

Despite significant efforts the good ecological status required by European Water
Framework Directive (WFD) could not be achieved in the majority of European
surface waters. Emerging pollutants such as pharmaceuticals, biocides, personal
care products and many others are hypothesised to play a key role for water
quality. The 5-year Collaborative Project SOLUTIONS addresses complex
mixtures of potentially toxic compounds in the water cycle including legacy,
presently used and future chemicals with monitoring-, modelling- and
scenario-based approaches focusing on the assessment and prediction of the
impact of these mixtures, on the identification of drivers of mixture toxicity
focusing on deriving candidate River Basin Specific Pollutants (RBSPs) and on
the identification of priority mixtures. For the identification of priority mixtures
with respect to specific targets different criteria are used to establish chemical
fingerprints based on common sources, modes of action, fate etc.. The impact of
mixtures in the environment is addressed by the development and demonstration
of a set of effect-based tools following the philosophy of adverse outcome
pathways from key events on a molecular level via cellular and organism
responses up to the community. These tools are evaluated and demonstrated in
large scale case studies such as Rivers Danube, Rhine and Ebro. Results from the
River Danube indicate low to moderate effects on a large range of endpoints, most
of them explained only to a minor extent by target analytes. Prospective
assessment using an integrated system of models and databases provides extensive
predictions of concentrations and risks in the Danube river. First evaluations for
individual chemicals such as PFOS and PFOA indicate good agreement between
monitoring and modelling. Both approaches together are used to propose RBSPs.

2

Lagrangian tracer aided sampling approach in assessing the fate of
wastewater-related contaminants in rivers

G. Guillet, Tiibingen University / Applied Geoscience; J. Knapp, Eberhard Karls
Universitét Tiibingen / Hydrogeology Center for Applied Geosciences; M.
Schwientek, Eberhard Karls Universitét Tiibingen / Hydrogeochemistry Center
for Applied Geosciences; S. Merel, Eberhard Karls Universitit Tiibingen /
Environmental Analytical Chemistry Center for Applied Geosciences; O. Cirpka,
Eberhard Karls Universitét Tiibingen / Hydrogeology Center for Applied
Geosciences; C. Zwiener, Eberhard Karls Universitit Tiibingen / Environmental
Analytical Chemistry Center for Applied Geosciences; P. Grathwohl, Eberhard
Karls Universitit Tiibingen / Hydrogeochemistry Center for Applied
Geosciences

Emerging contaminants are constantly released by Wastewater Treatment Plants
(WWTPs) into surface waters. The persistence of these compounds influences
how far they will spread within the river network, raising concern on the extent of
their environmental impact and the issue for drinking water exploitations. To
study the fate of wastewater-related pollutants in rivers, a common approach is
using a Lagrangian sampling scheme. It consists in sampling the same parcel of
water repeatedly as it flows along a selected river stretch. Where this approach
allows monitoring concentration changes according to residence time, it may
include uncertainties that can be misinterpreted as removal — diurnal pattern of
WWTPs’ effluent coupled with inaccurate travel time estimation and dispersion
effects. A new sampling approach combining Lagrangian sampling with an
artificial tracer was applied to study the fate of wastewater-related compounds in
an impacted river segment. The tracer fluorescein was injected upstream of a 1,7
km long stretch of the Steinlach River, southwest Germany, downstream of a

WWTP effluent. The segment was controlled by four measuring stations during a
day and a night experiment. Normalizing the compounds concentrations to the
tracer isn’t possible in the context of wastewater-related compounds, constantly
released unlike the tracer. Instead, breakthrough curves were deconvoluted to
identify transfer functions between each measuring stations. Transfer functions
were then applied to a concentration time series recorded by six 1h composite
samples at the first sampling site. The obtained time series at each control plane
were then compared to the concentration measured from a grab sample. Different
behaviours from conservative to very reactive could be observed for the 43
investigated compounds. Compounds like the pharmaceuticals diclofenac or
tramadol showed a strict photosensitive character. Other compounds were
attenuated at a similar strength during day and night (atenolol, valsartan) and
others displayed both behaviours — with a higher elimination during day time
(bisoprolol, DEET or TAED). Part of the compounds list was investigated in a
previous experiment also performed in the Steinlach but at only two control planes
in July 2013. Similar behaviour were found with however a better attenuation in
the last experiment. Finally, unlike 2013 sampling, 2015 experiment could supply
decay profiles, particularly interesting for compounds like DEET.

3

Abiotic and biotic fate of lamotrigine N2-glucuronide in wastewaters and
surface waters

B. Zonja, S. Perez, IDAEA-CSIC / Environmental Chemistry; D. Barcelo,
IIQAB-CSIC / Dept Environmental Chemistry

Lamotrigine, an anticonvulsant, is a xenobiotic which is extensively and
predominantly transformed by phase II metabolism to its N2-glucuronide before it
is excreted from the human body. Both parent and metabolite have been detected
in the wastewater system, surface and groundwater. In this work, we tested a
suspect-screening approach in order to detect lamotrigine and its related
compounds like other human metabolites, impurities and phototransformation
products in the aquatic system. Environmental samples that were preconcentrated
using generic solid-phase extraction and analysed by liquid chromatography - high
resolution mass spectrometry method suggested lamotrigine undergoes unusual
transformations. However, biodegradation reactors amended with mixed liquor at
neutral pH showed that lamotrigine is resistant to biodegradation with only about
5 % elimination after 6 days. When its human metabolite (N2-glucuronide) was
degraded following the same experimental setup, it was discovered that the
metabolite is in fact the source of the transformation products (TPs) detected. In
batch experiments, N2-glucuronide was transformed to three TPs as a result of i)
deconjugation, ii) oxidation of the glucuronic acid and iii) amidine hydrolysis in
combination with deconjugation. All these compounds were detected in
wastewater treatment plant (WWTP) influent and effluent, and surface water
samples analysed. Additionally, in the WWTPs, these TPs helped explain the
mass balance of the N2-glucuronide. Apart from the biotic reactions, the abiotic
stability of the glucuronide in the pH range 4 - 9 was tested in order to
characterise the possible formation of amidine and guanidine hydrolysis TPs. This
was performed in various environmental matrices. Other N2-supsituted
lamotrigine derivatives were tested as well in order to test the influence of
N2-supsitution on reaction kinetics. Results showed that N2-glucuronide was
transforming via amidine (primarily) and guanidine hydrolysis under neutral-basic
pH and the transformation rate was exponentially increased with the increase of
pH. Moreover, this reaction was shown to depend on imine tautomer equilibrium
and imine tautomer formation depended directly on the N2-supsitutent. In the end,
the presented work intents to give a new insight into the behaviour of
glucuronides of pharmaceuticals, and suggest that they can also be sources of
environmentally relevant but yet undiscovered TPs.

4
Micropollutans - how to cope with the residues?

A. Zenker, University of Appl. Sc. Northwestern Switzerland / Institute of
Ecopreneurship; T. Wintgens, University of Applied Sciences Northwestern
Switzerland (FHNW), School of Life Sciences, Institute of Ecopreneurship; J.
Loewenberg, CSD Ingenieure AG; J. Svojitka, R. Hochstrat, University of
Applied Sciences Northwestern Switzerland (FHNW), School of Life Sciences,
Institute of Ecopreneurship; S. Schmidt, University of Applied Sciences
Rapperswil, Institute of Environmental and Process Engineering; M. Burkhardt,
UMTEC, HSR Hochschule fiir Technik Rapperswil

Most recently Switzerland as one of first countries worldwide has changed its
Water Protection Ordinance demanding about 100 wastewater treatment plants
(WWTP) to upgrade with an additional treatment step. The additional step should
help reducing 80% of micropollutants' load of the influent over the whole sewage
treatment process. Micropollutants are present at low concentrations in aquatic
environment ranging from ng/L - ug/L, but their negative effects on biota have
already been demonstrated. Ozonation and the adsorption of micropollutants by
powdered activated carbon (PAC) are currently the most promising techniques to
eliminate micropollutants in WWTPs. An overview of different techniques to
eliminate micropollutants in waste water, stormwater and drinking water will be
presented. Different adsorber materials like PAC (SAE Super, Sorbopor MV 125,
Carbopal AP, Pulsorb WP 260), granular activated carbon (GAC) and resin based
adsorbers were tested in combination with flotation, deep bed filtration and
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ultrafiltration to reduce micropollutants. These settings were tested under
laboratory conditions, in pilot scale and subsequently upscaled in the treatment
plants themselves. To monitor the removal lead substances from 48h composite
samples including pharmaceuticals such as carbamazepine, diclofenac,
sulfamethoxazole, the herbicide mecoprop and the corrosion inhibitor
benzotriazole were determined. Measurements were carried out on a high
performance liquid chromatography coupled to triple quadrupole mass
spectrometer. It was shown that the combination of PAC and filtration or PAC and
flotation are suitable technologies to remove nearly 80% of the micropollutants'
load of urban and industrial wastewater. During the operation duration of several
months the removal was robust and less prone to faults.

5

Do pharmaceuticals bioaccumulate in marine molluscs and fishes from a
coastal lagoon?

V. Leén, R. Moreno-Gonzilez, Instituto Espaiiol de Oceanografia / Centro
Oceanografico de Murcia; S. Rodriguez-Mozaz, Institute for Water Research
(ICRA) / Water Quality; B. Huerta Buitrago, Catalan Institute for Water Research
(ICRA) / Institute of Environment Health and Societies; D. Barceld,
IDAEA-CSIC / Department of Environmental Chemistry

The pressure and impact of organic pollutants are greater in coastal areas than in
the rest of the marine environment, since these are where many human activities
are concentrated and direct and indirect discharges occur. In the marine
environment, pharmaceuticals have predominantly been found in seawater, but
less so in sediment. However, field data of the bioaccumulation of
pharmaceuticals in marine organisms exposed to environmental conditions is
rather sparse and concentrations of pharmaceuticals in marine fish have only been
determined in a small number of areas. The aims of this study were to determine
the concentration of pharmaceuticals in cockle, noble pen shell, sea snail, golden
grey mullet and black goby in spring and autumn; and to assess the
bioaccumulation in cages clams in 4 sites with different exposition grade to El
Albujon watercourse dischargue. A method proposed for the determination of 20
multi-class pharmaceuticals in fish tissues ( was adapted for grey golden mullet
muscle and liver and for the following molluscs: clam, noble pen shell, and sea
snail. Eighteen out of the 20 compounds analyzed were found at low ng g in
these species throughout the lagoon. Hydrochlorothiazide and carbamazepine
were detected in all species considered. The bioaccumulation of pharmaceuticals
was heterogeneous in the lagoon, with a higher number of pharmaceuticals being
detected in fish (19) than in wild molluscs (10), particularly in golden grey mullet
muscle (16). The bioaccumulation of pharmaceuticals was lower in sea snail than
in bivalves, and in black goby than in golden grey mullet. Psychiatric drugs
preferentially bioaccumulated in fish muscle, while citalopram did so in molluscs.
Carbamazepine and hydrochlorothiazide were detected in all species in this study.
The higher detection frequency and concentrations found in golden grey mullet
(muscle) suggested that mugilids could be used as an indicator of contamination
by pharmaceuticals in coastal areas. Acknowledgement - This work was supported
by the Seneca Foundation (Region of Murcia, Spain) through the ‘BIOMARO’
project (15398/P1/10), the Spanish Inter-Ministerial Science and Technology
Commission through the ‘IMPACTA’ project (CICYT, CTM2013-48194-C3-1-R)
and by the European Union through the European Regional Development Fund
(ERDF). It was also partly supported by the Generalitat de Catalunya
(Consolidated Research Group: Catalan Institute for Water Research 2014 SGR
291).

6

Impacts of compound properties and sediment characteristics on the sorption
behavior of pharmaceuticals in aquatic systems

O. Abdullah, University of York / Environment; A. Boxall, University of York /
Environment Department

Sorption is akey factorin determining the persistence and attenuation of
pharmaceuticals in sediment and will therefore affect the impact that a
pharmaceutical has on aquatic organisms. However, our understanding of the
relationships between sediment characteristics and pharmaceutical sorption
behavior is lacking as most studies into the sorption behaviour of pharmaceuticals
focus on their behaviour in sewage sludge and soil.In this study, the sorption
behaviour of five different pharmaceuticals in ten sediments from the UK and
Iraq, with different properties, was assessed. Batch sorption studies with the
pharmaceuticals were performed and the sorption affinity for all sediments was
found to increase in the ordermefenamic acid < cimetidine < atenolol <
amitriptyline < diltiazem.An existing predictive model for estimating the sorption
of ionisable compounds was evaluatedagainst the experimental data. The model
tended to over-predict the sorption of the basic compounds and under-predict the
sorption of the acidic compounds. Multiple linear regression analysiswas therefore
used to development new models for estimating the sorption (Kd) of the study
pharmaceuticals from sediment properties. Sediment and pharmaceutical
parameters used in the models were: (a) log Dow (lipophilicity corrected for pH)
for amitriptyline, (b) cation exchange capacity for atenolol, (c) clay and organic
carbon content for cimetidine,(d) log Dow and exchangeable Ca®" for diltiazem
and (e) organic carbon contentfor mefenamic acid. The validity of the proposed
regression equations was tested using independent data and gave good results for

atenolol. Overall, the results demonstrate how complex the processes driving the
sorption of pharmaceuticals in sediments are and the need for generation of further
experimental dataand additional model development for estimating sorption of
pharmaceuticals.

Microplastics in the environment: Sources, Fate and Effects

()

7

Micro- and mesoplastic in Atlantic cod (Gadus morhua) from the Norwegian
coast

d.p. eidsvoll, Norwegian Institute for Water Research (NIVA); 1. Nerland, NIVA
Norwegian Institute for Water Research / Ecotoxicology and Risk Assessment;
C.C. Steindal, University of Oslo / Museum of Cultural History; K.V. Thomas,
NIVA Norwegian Institute for Water Research / Product Metabolism
Microplastics contaminate oceans and affect marine organisms in several ways.
This study documents microplastic (< Smm) and mesoplastics (>5mm) in
stomachs from cod (Gadus morhua) one of the most common and economically
important marine fish in Norway. 302 fish stomachs were examined from six
different locations from the coast of Norway. Ten individual stomachs had items
in them identified as synthetic polymers, eight of these were from one location
(Bergen). All objects found in the stomachs were Fourier Transform Infrared
Spectroscopy (FTIR) scanned and subsequently compared with FTIR libraries to
confirm identity of the removed items. In this study all stomachs where plastics
were found, were full. Empty stomachs had no presence of plastic.\nThis study
provides a record of plastic polymers being identified in the stomachs of cod in
three out of six locations. We found the presence of polyethylene terephtalate
(PET or PETE) and polyester, polyvinyl chloride (PVC), polypropylene (PP),
polystyrene (PS), acrylic and nylon (Other). We identified a hot spot for plastic
ingestion in Bergen. Our findings indicate that plastic pieces are more prevalent
inside fish with a full stomach content versus those with empty stomachs.
Therefore, pieces large enough to be visually identified through a stereo
microscope may be flushed out of the stomach region of the GI tract. Further work
is needed to establish the sources and potential consequences of microplastics.

8

Fragmentation of plastic items into secondary microplastics under
environmental conditions

J. Klasmeier, University of Osnabrueck / Institute of Environmental Systems
Research; A. Reuwer, Osnabriick University / Institute of Environmental Systems
Research

Marine plastic debris of all size classes contaminates marine waters and coastlines
worldwide. Larger plastic items are suspected to be fragmented under external
friction exerted by water currents, rocks or sediments. Weathering, abrasion or
disruption of plastics may result in an increasing number of secondary plastic
debris. Main goal of this research was the systematic investigation of the
fragmentation behavior of plastic material under conditions typically experienced
in the marine environment. PE bottles (1 L) were filled with 1 kg pre-cleaned sand
(beach conditions), and half of the samples were additionally spiked with 300 mL
artificial seawater (breakwater conditions). Plastic items of different polymer
material (PE, PP, PS, PET) and form (cups, small bottles, bottle caps, thin foils,
film strips) were addd and shaken for 30 days in an overhead shaker. After 30
days, intact items and larger plastic fragments were sorted out by hand. Samples
were extracted for microplastic particles using a simplified adaptation of a
flotation method developed in our lab. Extracted particles were visually inspected
under a microscope and sorted into different size classes. Some randomly selected
particles from each size class were analyzed with FTIR (Bruker Vertex 70) to
identify the polymer material. All investigated items bear visible traces of
mechanical abrasion. Film strips and bottle caps did not fragment, but abrasion of
material from the surface had obviously occurred. Thin foil sheets were partly
perforated and fragmented into a number of mesoplastic and large microplastic
particles of elongated shape. The other investigated items were fragmented into
more or less smaller particles after 30 days. Microscopic size analysis of the PS
cup sample resulted in four mesoplastic fragments, 35 large microplastic particles
(1 —5 mm) and 32 small microplastics (

9

Analysis of microplastic in environmental samples using thermal analytical
methodes

U. Braun, E. Duemichen, A. Barthel, BAM- Federal Institute Materials Research
and Testing; N. Becker, C. Bannick, UBA Umweltbundesamt

The increasing amount of polymers in practical use with their excellent material
properties, such as low weight, easy processing and high stability against various
chemical attacks, will also increase the unfavoured presence of plastics in the
environment. These plastics and small-degraded plastic particles, called
microplastic, are almost ubiquitary in nature. Up to now, no verified data exist
about the source, the fate and the amount of various plastics in water, soil, air and
biota. The reason for this is that no fast and easy available method exists, which
detect the small amount of synthetic polymers beside a large amount of natural
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macromolecules in various environmental matrices. Known,
microscopic-spectroscopic methods are limited due to very large measurement
times, high sophisticated evaluation knowledge or method specific limitations
such as sample preparation in infrared analysis or fluorescence of environmental
matrix in Raman. Furthermore, no quantitative value can be determined by these
methods. Quantitative values, which include the whole range of synthetic
polymers, are a prerequisite for administrative regulations. A practicable
alternative is the thermal extraction desorption- gas chromatography-mass
spectroscopy (TED-GC-MS) ", In this method, the advantages of TGA (high
samples loadings and an easy cleaning) are combined with the advantages of
GC-MS (easy identification of various hydrocarbon products with high certainty).
In TGA, a large amount of sample is decomposed. The formed volatile
decomposition products can be trapped on the surface of an adsorber material
located at the outlet of TGA and collects a representative content of hydrocarbon
decomposition. The decomposition products are analysed in a common
TDS-GC-MS. The comfortable identification of characteristic decomposition
products enables the fast identification of various polymers. Beside the
investigation of various spiced environmental samples for the presentation of this
new method, we present data of real environmental samples. These are air and
water filtrates from various sources as well as samples from composting plants
and streets. Samples are measured as received or after treatment with chemical
solutions. [1] E. Diimichen, A.-K. Barthel, U. Braun, C. G. Bannick, K. Brand, M.
Jekel and R. Senz, Water Research 2015, 85,451-457.

10

Role of microplastic beads on the uptake of silver in zebrafish

F. Khan, Roskilde University / ENSPAC; D. Boyle, University of Plymouth /
School of Biomedical and Biological Sciences; E. Chang, Kings College London;
K. Syberg, Roskilde University / Department of Environmental Social and Spatial
Change; Y. Shashoua, The National Museum of Denmark; N. Bury, Kings
College London / Division of Diabetes and Nutritional Sciences

This study aimed to determine whether the uptake and localization of Ag in
zebrafish was affected by the presence of polyethylene microplastic beads (PE
MPBs). Zebrafish were exposed to 1 ug Ag L' (radiolabelled with '*™Ag) for 4
and 24 h in the presence or absence of PE MPBs (10, 100 or 1000 MPBs mL"),
and one treatment in which MPBs (1000 MPBs mL"") were incubated with Ag to
promote adsorption. The presence of MPBs, at any of the tested doses, had no
effect on the uptake or localization of Ag. However, exposure to the Ag-incubated
MPBs (775% of the Ag bound to MPBs) significantly reduced Ag uptake at both
time points and also significantly increased the proportion of intestinal Ag. This
study demonstrates that microplastics can alter the bioavailability and uptake route
of a metal contaminant in a model fish species. A second study was undertaken to
investigate the fate of Ag transported into the gut along MPBs. THis sencond
study utilised in vitro gut sac preparations, but showed minimal differences in the
internal fate of Ag regardless of its interation with the MPBs,

11

Comparison of tissue preparation procedures to perform microplastic
analysis; application to mussels (Mytilus edulis) from the Atlantic coast (Pays
de la Loire, France)

N.N. Phuong, Nantes University; A. Zalouk-Vergnoux, L. Poirier, Univeristé de
Nantes / MMS; A. Kamari, Universite de Nantes / MMS; J. Rouxel, R. Sussarellu,
F. Akcha, IFREMER; A. Chatel, Université Catholique de 10uest / Sciences
Environnement; C. Mouneyrac, Université Catholique de 10uest/ UNAM
Université Nantes Angers Le Mans Mer Molécules Sant¢ MMS; f. lagarde,
Institute of molecules and materials of Le Mans / Institute of Materials and
Molecules of Le Mans IMMM UMR CNRS

Plastics is a generic name to encompass most of the synthetic organic polymers
exhibiting the property of plasticity. These products are characterized by many
advantages which explain that they are massively used in our everyday life. Since
the middle of the last century, several million tons of plastics have been produced.
Ten percent of produced plastics is estimated to end up in the ocean. Once in the
environment, macro debris undergo mechanical (erosion, abrasion), chemical
(photo-oxidation, temperature, corrosion) and biological (degradation by
microorganisms) actions. All these degradation processes lead to their
fragmentation into microplastics (MPs) which accumulate in the environment.
According to the last ten years of research, it appears that all natural habitats from
pole to pole are affected by the presence of MPs. In these research works, many
different procedures were used for MP quantification and characterization in
environmental samples. Consequently, the aim of this study was to compare
different tissue preparation procedures found in the literature to select the more
appropriated. For that, counted MPs of two different forms (fragments and fibers)
and types (PE and PVC) were added to three mussels (Mytilus edulis) for a
digestion step implementing different solvents or mix of solvents. Then, the
filtration step was performed using different types of filters. The efficiency of the
digestion step was calculated from the masses of the filters related to the initial
mussel masses and the preservation of the MP integrity was evaluated by using
microscopy coupled to Raman and Infra-Red micro-spectrometers. The ratios
were lower with the use of HNO; (65%) for the digestion. Nevertheless, the MP
integrity was not preserved for all types of MPs added to the mussels since PE

fibers were totally dissolved despite good recoveries for PVC and PE fragments.
The determination of the better sample preparation procedure is quite difficult
since it involves a compromise between efficient digestion of organic matter from
mussel tissues and the preservation of the integrity of MPs. HNO; was however
selected for the following analyzes since the lower organic matter amounts
enhanced better microscopic and spectroscopic analysis. Finally this procedure
was applied for the evaluation of MP contamination of mussels (M. edulis) from
the Atlantic coast (Pays de la Loire, France).

12

Methodological barriers for extraction and characterization of microplastics
in biological matrix

1. Paul-Pont, LEMAR UMR 6539 CNRS/UBO/IRD/Ifremer; A. Dehaut, Agence
nationale de sécurité sanitaire de lalimentation, de lenvironnement et du travail
(Anses) / Laboratoire de sécurité des aliments LSA; A. Cassone, LEMAR UMR
6539 CNRS/UBO/IRD/Ifremer; L. Frére, LEMAR UMR 6539 CNRS; C. Himber,
L. Hermabessiere, Agence nationale de sécurité sanitaire de lalimentation, de
lenvironnement et du travail (Anses) / Laboratoire de sécurité des aliments LSA;
C. Lambert, P. Soudant, LEMAR UMR 6539 CNRS/UBO/IRD/Ifremer; A.
Huvet, Ifremer, LEMAR UMR 6539 CNRS/UBO/IRD/Ifremer; G. Duflos,
Agence nationale de sécurité sanitaire de lalimentation, de lenvironnement et du
travail (Anses) / Laboratoire de sécurité des aliments LSA

Pollution of the oceans by microplastics, defined as plastic particles of size below
< 5mm by the NOAA, represent a major environmental problem worldwide. From
an ecotoxicological point of view, the ingestion of microplastics by a wide range
of marine organisms leading to substantial impacts on major physiological
functions has been shown in several marine vertebrates and invertebrates. To date,
only a few studies have investigated the levels of contamination of marine
organisms collected in situ, partly due to technical difficulties in isolation and
characterization of microplastics in biological samples. The crucial step is the
identification of solvent(s) or chemical(s) that efficiently dissolve organic matter
and biological tissues without degrading plastic polymers, and this in a time and
cost effective way. Most published papers, as well as OSPAR recommendations
for the development of a common monitoring protocol for plastic particles in fish
and shellfish at the European level,used protocols containing nitric acid to digest
the biological tissues, despite reports of substantial degradation of some
polyamide types (also known as nylon) with this solvent. In addition, testing a
wide range of plastic polymers, and especially those commonly found in the
marine environment is essential to validate a common protocol and avoid an
underestimation of plastic contents in marine organisms after tissue digestion. In
the present study, we reviewed existing approaches and we compared (i) their
efficiency in digesting biological matrixes and (ii) their effects on 5 different
plastic polymers. Effects on plastics were evaluated through visual inspection,
weighing and Raman analyses before and after digestion, while tissue digestates
were filtered on 1xm-mesh fiber glass filters and observed using a binocular
microscope. More research is currently ongoing in our laboratory on a wider range
of plastic types (n=15 in total). The aim is to identify and validate a unique and
standardized protocol that could be implemented at the international level to
insure relevance and comparison of environmental studies on this topic.

Behavior Revised: Examining Behavioral Effects of
Contaminants and Other Stressors in Aquatic Animals

13

Why are avian focal species unaffected by chlorpyrifos applications?
Integrating data on foraging-behaviour, exposure, and toxicokinetics

M. Foudoulakis, Dow Agrosciences / RSRA ERS; S. Norman, RidgewayEco; C.
Wolf, B. Giessing, Tier3 Solutions GmbH; R. Dittrich, Tier3 Solutions GmbH /
Wildlife Ecology; N.N. Poletika, Dow Agro Sciences LLC / Field Exposure and
Effects Department; G. Weyman, ADAMA Agricultural Solutions Ltd.

Tier 1 avian risk assessment indicates high risk from use of chlorpyrifos (CP) due
to its high toxicity to birds when tested in standard laboratory studies. However,
when aiming to conduct a proper risk assessment, it is important to understand the
status and ecology of the bird community present in the target crop at field level.
In this respect, it is important to estimate basic population parameters of species
breeding within the treated fields (long term survival and reproductive
performance), their foraging behaviour and feeding ecology, and the spatial &
temporal movement of the focal species to evaluate the factors (both natural and
anthropogenic) which may influence reproductive performance and community of
birds present. In addition it is equally important to collect exposure and
mechanistic data to support and explain findings in the field. Several field studies
have been conducted towards this aim. To gain information on the bird
communities within the CP-treated fields a variety methods were used depending
on the goal of the study and the species in focus, which allows measurement and
ranking of any factors influencing the local bird community, including the
application of CP itself. The work undertaken over consecutive years gave a good
insight into exposure of birds utilizing treated fields/fruit orchards and showed a
good correlation between the application of CP and cholinesterase (ChE) activity
in the same bird communities, providing a diagnostic evaluation of CP exposure.
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In order to support field findings and provide a higher tier risk assessment on
birds, mechanistic information were also provided based on body burden model
describing Toxicokinetics and Toxicodynamics. This presentation will describe
the comprehensive and holistic approach which was followed, the new approaches
for bird studies in risk assessment over consecutive years of data collection and
will answer why the high risk of mortality predicted by the Tier 1 risk assessment
is not seen in the field.

14

Sex and steroids: Impact of a pervasive endocrine disrupting agricultural
pollutant on sexual selection in fish

M.G. Bertram, Monash University / Biological Sciences; M. Saaristo, T.E. Ecker,
B.B. Wong, Monash University / School of Biological Sciences

Environmental contamination with endocrine disrupting chemicals (EDCs)
threatens human and wildlife populations globally. The sub-lethal effects of
endocrine disruptors at environmentally realistic levels are receiving increasing
attention, including the impacts of exposure on behaviours influencing survival
and reproductive fitness. Despite this, understanding of how these biologically
active pollutants impact processes of sexual selection is rudimentary. In the
present study, we investigated the effects of EDC-exposure on male mate choice,
a key component of sexual selection and a driver of evolution by natural selection.
Specifically, the aim of this study was to examine the impacts of short-term
(21-day) exposure to an environmentally relevant concentration of 17b-trenbolone
(measured concentration 6 ng/L.)—an androgenic growth promoter used in the
cattle industry globally that has been repeatedly detected in freshwater
systems—on mate choice in the guppy (Poecilia reticulata). The guppy is a
sexually dimorphic livebearer, with males inseminating females using their
modified anal fin (the gonopodium) as an intromittent organ. Male guppies are
choosy and prefer larger females as mates, and therefore gain fitness benefits as
female guppy fecundity (brood size) increases with body size. Given that male
mate choice is a key component of sexual selection, regarding not only whether to
mate, but also the allocation of reproductive investment between each mate or
mating, this male choosiness is key to reproductive fitness. To test the effect of
exposure to 17b-trenbolone on male guppy preference for female size, we used a
free-swimming experimental design, within which a pair of male and female
guppies were tested in one of four treatments as follows: (1) unexposed male with
‘large’ stimulus female, (2) exposed male with ‘large’ stimulus female, (3)
unexposed male with ‘small’ stimulus female, and (4) exposed male with ‘small’
stimulus female. We measured the time and frequency of male courting
behaviours, as well as male structural colouration and morphology. The results of
the mating behaviour trials, as well as colouration and morphological analyses,
will be discussed with reference to the broader ecological and evolutionary
consequences of EDC exposure.

15

Effects of the NSAID Diclofenac on the survival, health and behaviour of
embryonic and juvenile brown trout Salmo trutta f. fario

S. Schwarz, University of Tuebingen / Animal Physological Ecology; H. Schmieg,
Tiibingen University / Animal Physiological Ecology; M. Scheurer, Water
Technology Center TZW Karlsruhe; H.-. Kohler, University of Tuebingen /
Institute of Evolution and Ecology Animal Physiological Ecology; R. Triebskorn,
University of Tuebingen / Animal Physiological Ecology

While the presence of various pharmaceuticals of anthropogenic orgin in surface
waters has frequently been shown, the ecological impact of the detected
substances is still hardly assessable. Within the project “Eff-Pharm”, new
mode-of-action based in vitro systems for the monitoring of non-steroid
anti-inflammatory drugs are developed. Simultaneous in vivo studies on
diclofenac, a common and widely used representative of this pharmaceutical
group, provide further information on possible effect concentrations. The brown
trout has been investigated as a species of high local environmental relevance for
Central European stream ecosystems. Our aim was to investigate two supposedly
sensitive stages of trout life history: the embryonic development from fertilized
egg until the end of the sac-fry stage, and juvenile fish around 6 months post
hatch. The exposure of trout embryos and sac-fry stages was conducted according
to OECD guideline 212, and included five test concentrations (0.1,0.5, 1, 10 and
100 pg/L diclofenac) plus control - tested in triplicates for 127 days at 7 °C.
Recorded endpoints were mortality, time until eye development, time to hatch,
number of hatched larvae, heartbeat and histological condition of the fry. Juvenile
trout (approx. 6 months post hatch) were exposed in a semi-static three-block
design (control, 0.1, 1, 10, 100 and 200 pg/L diclofenac per block) for 25 days at
7 °C. Besides examining mortality, biometric parameters and behavioural
abnormalities, additional biochemical analyses determined stress protein level. In
addition, lipid peroxidation was measured and histological examinations were
conducted in liver, gill and kidney tissues. None of the investigated parameters
was altered in the embryos and fry. In contrast, juvenile fish showed increased
mortality already at 0.1 pg/L diclofenac. Mortality rate was concentration
dependent and reached up to 43 % in the highest test concentrations, while it did
not exceed 10 % in the control. Furthermore, fish exposed to 10 pg/L diclofenac
or higher showed a higher frequency of bite marks, a sign of increased territorial
behaviour. Further histological analyses will give us a closer insight into the

health state of the surviving individuals. Overall, the study showed alarming
results on the toxicity of a commonly used NSAID. It also stresses out the
importance of investigating different life stages to fully assess the potential effect
of chemicals in the aquatic environment.

16

Can zebrafish larvae behaviour be used for on-line contamination event
detection in water distribution systems?

L. Nuesser, RWTH Aachen University, Institute for Environmental Research /
Department of Ecosystem Analysis; E. Salomons, Technion Israel Institute of
Technology; O. Skulovich, Technion Israel Institute of Technology / Civil and
Environmental Engineering; S. Hartmann, RWTH Aachen University / Institute
for Environmental Research; C. Ganal, C. Cofalla, H. Schuettrumpf, RWTH
Aachen University / Institute of Hydraulic Engineering and Water Resources
Management; A. Ostfeld, Technion Israel Institute of Technology; H. Hollert,
RWTH Aachen University / Department of Ecosystem Analysis; T. Seiler, RWTH
Aachen University / Ecosystem Analysis

Changes in motoric behaviour of organisms as a response to the exposure to
chemicals are a sensitive endpoint for the assessment of toxicity [1]. Monitoring
of zebrafish (embryo, larvae and adult) behaviour emerges as new, sensitive
method to study effects of compounds in a vertebrate model. Here, we propose to
use behavioural changes of zebrafish larvae for the detection of sudden
contamination events in a water stream. Zebrafish larvae at the age of 96 hours
post fertilization (hpf) were exposed to cadmium chloride (CdCI2) in a low
concentration range and immediately monitored for avoidance behaviour which
results in an increased activity. Here we propose two methods for the analysis of
behaviour data and sensitive detection of alterations that have the potential to be
for on-line data streams. For the first approach data on the distance larvae moved
was pooled within groups (control n=16; 4 treatment groups at different
concentrations with n=20 each) and averaged for one minute per group. In this
approach two upper thresholds for maximal activity of the larvae during darkness
were defined (180 mm/min and 200 mm/min). For the second approach the x- and
y-coordinates of the larvae's movement where transformed to polar coordinates in
order to calculate the angle of their movement. Thresholds for the angle allow
distinguishing between undirected movement of the larvae and directed circular
swimming behaviour that can be regarded as avoidance behaviour. First results
show that the proposed approaches are suitable methods to detect alterations in
zebrafish larvae behaviour in response to low concentrations of CdC12. The
thresholds presented in this study are sensitive with a minimum in false positive
alerts and have the potential to be used for the analysis of an on-line data stream.
The second approach considers the directed behaviour of the larvae and therefor
allows for the detection of a distinct parameter that appears to be a sensitive
indicator during the light cycles.

17

The mechanism of oil sands process-affected water on feeding-behaviour
toxicity in Daphnia magna

E. Lari, D. Steinkey, E. Mohaddes, G.G. Pyle, University of Lethbridge /
Biological Sciences

Oil sands process-affected water (OSPW) is produced as a byproduct of the
surface-mining oil sands industry in northeastern Alberta. Responsible
remediation and returning OSPW to natural environment is a big concern of both
oil-sand companies and scientists. Such a return would need to minimize the
impact to downstream ecosystems. In our previous studies we showed that OSPW
decreases the feeding activity of Daphnia magna. To understand the mechanism
of OSPW’s effect on feeding behavior we exposed D. magna to three substances
[filtered OSPW (chemical portion), filtered OSPW plus added clay particles
(whole OSPW), and clay particles suspended in solution (particulate portion)] and
we used Daphnia magna culture water as an exposure control. We fed the animals
similar quantities of their food algae, and gave them 24 h (in darkness) to graze.
After 24 h we measured the food consumption in all treatments and the exposed
D. magna were used for further experiments to understand the mechanism of
effect of the components of OSPW on feeding activity of D. magna. For the
behavioural bioassay, using a behaviour chamber designed for this study we
examined the thoracic limbs and mandible beating as indicators of feeding rate of
D. magna. We measured the activity of twodigestive enzymes (amylase and
trypsin) as representatives of digestion of D. magna. Our results fromall studied
biological levels showed whole OSPW significantly affects thoracic limbs and
mandible movement, gut clearance, and digestive enzyme activity of D. magna.
Particulate matter component of OSPW is most effective and chemical
components are less effective in the observed reduction in the feeding behaviour
of D. magna.

18

Comparative behavioral toxicology of two common fish models

B. Steele, Baylor University / Biomedical Studies; L.A. Kristofco; J. Corrales,
Baylor University / Environmental Science; B.W. Brooks, Baylor University /
Environmental Health Science Program Department of Environmental Science
Behavioral responses inform toxicology studies by rapidly and sensitively
detecting molecular initiation events (MIEs) that propagate to physiological
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changes in individuals. Behavioral thresholds for a wide range of contaminants
often manifest at lower levels than those eliciting mortality and other standardized
adverse outcomes. Zebrafish larvae are common models in behavior,
developmental toxicology, neurotoxicology and other biomedical studies.
Whereas the fathead minnow is a common model for aquatic toxicology research
and regulatory programs, they have received comparatively little attention in
behavioral studies. We employed the zebrafish and fathead minnow models to
define toxicant induced swimming activity alterations during interchanging
photoperiods. We specifically examined behavioral response patterns among
compounds specifically targeting various receptors/enzymes compared to response
profiles for chemicals eliciting toxicity through narcosis. Following OECD FET
and EPA WET experimental guidelines, zebrafish embryos and fathead minnow
larvae were exposed for 96 h to each compound, then observed using a digital
behavioral analysis system (ViewPoint). Behavioral observations occurred for 50
minutes (10 minutes acclimation, two 10 minute dark periods, two 10 minute light
periods). In comparison to fathead minnow larvae, zebrafish generally displayed
greater behavioral sensitivities to a number of the investigated compounds.
Furthermore, zebrafish displayed more pronounced responses to changing light
and dark photoperiods than the fathead minnow model. Such photomotor response
profiles for compounds with defined MIEs are being used to examine industrial
chemicals for which behavioral responses are poorly understood.

Fate, Effects and Risk Assessment of Chemicals in Aquatic
and Terrestrial plants (1)

19
Spatial and temporal distribution of pesticides and their metabolites in
tomato plants
M. Kubicki, TU Dortmund / Institute of Environmental Research; M. Lamshoeft,
Bayer CropScience AG / RD; S. Ziihlke, M. Spiteller, TU Dortmund / Institute of
Environmental Research

Knowledge about translocation of plant protection products (PPP’s) in plants is
important to understand the uptake via the root system. Imaging mass
spectrometry (IMS) has been widely used in life science and has proven to be a
powerful tool to combine histological data with specific molecular information. So
far phospholipids, peptides, drugs and plant metabolites were imaged in a number
of tissue samples at a spatial resolution of 5-10 ym'*. The IMS data for all these
experiments showed excellent correlation with histological staining evaluation.
Thus, IMS allows exploration of both PPP’s and their metabolites distribution in
plant tissues and provides new knowledge concerning behaviour during plant
growth. Within a single experiment two-dimensional spatial maps of parent
compound and metabolites can be generated. We report here the use of a
matrix-assisted laser desorption/ionization (MALDI) imaging source working at
atmospheric pressure which is coupled to an orbital trapping mass spectrometer
for new insights into molecular processes inside the plants. Therefore, spray
application onto the tissue using selected matrix solution has to be optimised,
supporting desorption and ionization of target compounds by means of a focused
laser. This sample preparation is important to improve sensitivity and spatial
resolution of the IMS-measurement and finally to generate the images. Here, we
report the use of MALDI-high resolution-IMS to map the distribution of two
selected PPP’s (the phenylamide fungicide metalaxyl and the triazole fungicide
tebuconazole) and their metabolites in roots, stem and leaves of tomato plants in
high-spatial resolution with minimised sample preparation. The combination of
autoradiography of '“C-labelled compounds, LC-HRMS", and MALDI-IMS
provides comprehensive information of distribution, localization and dynamics of
PPP’s uptake via the root system of tomato plants.

20

Toxicity testing with the willow tree transpiration test - 15 years of results
S. Trapp, Technical University of Denmark / DTU Environment; L.P. Clausen,
Technical University of Denmark / Department of Evironmental Engineering

Due to the large size of trees, their slow growth and the related difficulties, few
toxicity tests for trees have been developed, and no standard test is available. A
toxicity test using the transpiration of willows is in use since 15 years [1]. The
willow tree toxicity test was employed for toxicity testing, for phytoremediation
purposes and for process studies in the soil-plant system. Genetically homogenous
willow cuttings are grown under artificial light in 500 mL Erlenmeyer flasks filled
with spiked nutrient solution (ISO 8962), contaminated soils, wastewater or other
test substrate [1]. The toxic endpoint is the change of transpiration, which is
measured daily by weighing the whole flask, compared to the transpiration of
control trees. \n EC50-values of more than 50 compounds obtained under various
conditions. EC50-values < 1 mg/L were obtained for Cu(2+). Cd(2+), As
(arsenate) and Se have EC50 close to 1 mg/L. Among the pharmaceuticals tested,
the most toxic was the weak acid ibuprofen with an EC50-value of 1.7 mg/L, but
only at pH 4, and much less toxic at higher pH. Diclofenac (100 mg/L) and
paracetamol (3000 mg/L) were less toxic in this test. The bivalent base
chloroquine had an EC50 of 2.5, 10, 35,40 mg/L at pH 9, 8, 7, 6, respectively [2].
The toxicity of chlorophenols declined from 1.1 mg/L (3,5-DCP) to 5.8-10 mg/L
(2,4-DCP) to 32-84 (4-chlorophenol) and 400 to 800 mg/L (phenol). The toxicity

of cyanide depended very much on the complexation, from rather non-toxic 1000
mg/L Prussian blue (ferriferrocyanide, Fell ,Felll-complex) to quite toxic with
EC50 at 2 mg for KCN. Toxicity to willows grown in sand was generally lower,
for example, EC50 was 20 mg/L for KCN in sand. Little toxicity (contrary,
growth stimulation at lower dosage) was observed for nano-TiO2 (> 100 mg/L)
and zero-valent iron nanoparticles (around 1000 mg/L) in solution. A user manual
has been developed and is freely available (http://homepage.env.dtu.dk/stt/).
Overall, the willow tree test is probably the most widely used toxicity test with
trees and could be seen as a candidate for a standard toxicity test for woody
terrestrial plants. [1] Trapp S, Zambrano KC, Kusk KO, Karlson U. 2000. A
phytotoxicity test using transpiration of willows. Arch. Environ. Contam. Toxicol.
39(2):154-160

21

Uptake of pharmaceuticals from wastewater into plants - Novel
carbamazepine metabolites in tomato plants grown under hydroponic
conditions

C. Riemenschneider, Helmholtz centre for environmental research - UFZ /
Analytical Chemistry; B. Seiwert, Helmholtz centre for environmental research -
UFZ / Department of Analytical Chemistry; D. Schwarz, Leibniz Institute of
Vegetable and Ornamental Crops - IGZ; M. Moeder, Helmholtz centre for
environmental research - UFZ; T. Reemtsma, Helmholtz Centre for
Environmental Research

Water scarcity is one of the main challenges in arid and semiarid regions.
Therefore, the use of treated wastewater (TWW) for crop irrigation is a necessity.
Under these circumstances pollutants of emerging, with low removal efficiency in
wastewater treatment plants, are introduced into the agro-ecosystem and may be
transferred from irrigation water into edible plants and thus enter the food chain
[1-3]. However, until now little work has been done to investigate the metabolism
of PPCPs after uptake into plants. We studied the uptake and metabolism of PPCP
from wastewater into plants with carbamazepine (CBZ) as model compound, an
antiepileptic drug which is a commonly detected pharmaceutical in wastewater,
surface water and even groundwater [4]. Tomato plants grown in hydroponic
cultures were analyzed with both targeted analytical methods (LC-MS/MS) that
offer higher sensitivity and liquid chromatography-high resolution mass
spectrometry (UPLC-Q-TOF-MS) to identify unknown metabolites. A total of 10
phase-I and three phase—II metabolites could be detected from the one
contaminant CBZ. Considering these known CBZ metabolites the overall
concentration was about 1.5-fold (for tomato leaves and fruits) higher than that of
CBZ alone. This example illustrates that, due to plant metabolism, the
concentration of contaminants found in plants can be significantly higher than the
concentration of the parent compound. However, further study is needed to
evaluate the potential toxicological effects of these metabolites and the
consequences for the safe reuse of treated wastewater in agriculture. In addition,
further research is required to better understand and possibly to predict the
metabolism of compounds within plants in terms of potential consequences for
modelling. References: [1] Goldstein M, Shenker M, Chefetz B. 2014. Environ.
Sci. Technol. 48:5593-5600. [2] Macherius A, Eggen T, Lorenz W, Moeder M,
Ondruschka J, Reemtsma T. 2012. Environ. Sci. Technol. 46:10797-10804. [3]
Shenker M, Harush D, Ben-Ari J, Chefetz B. 2011. Chemosphere 82:905-910. [4]
Ternes TA, Bonerz M, Herrmann N, Teiser B, Andersen HR. 2007.
Acknowledgement: Financial support of this study by the Deutsche
Forschungsgemeinschaft (DFG, Bonn) through the project PECtake (Re1290/7-1)
is gratefully acknowledged.
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Aquatic macrophyte modelling - Increasing the realism of risk assessments
S. Heine, Bayer CropScience / Environmental Modelling; K. Kuhl, A. Solga,
Bayer CropScience AG; E. Bruns, Bayer CropScience AG / BCS D ETX
Ecotoxicology; T. Preuss, Bayer CropScience / Environmental Modelling; G.
Goerlitz, Bayer CropScience AG / Environmental Safety

For the registration of plant protection products, the risk on aquatic macrophytes
has to be assessed. This is done by predicting the annual concentration pattern of a
plant protection product in several surface water systems considering its specific
agricultural application. To assess the risk on aquatic macrophytes, as a first step,
the maximum concentration that is predicted throughout the year is compared to
toxicity endpoints, such as EC50 values. In most cases, these toxicity endpoints
are based on studies considering constant concentrations of the respective plant
protection product. A method to increase the realism (higher tier) of the risk
assessment is to use toxicity studies that are based on exposure patterns similar to
those predicted in surface water systems. To date, this approach is mostly applied
to short term exposure patterns, having a duration of less than a week, due to the
time range of standard macrophyte toxicity studies. This contribution
demonstrates ecological modelling methods, in terms of toxicokinetic and
toxicodynamic (TK/TD) growth models of Lemna spp. and Myriophyllum
spicatum that quantify adverse effects caused through entire and complex
exposure patterns. Special emphasis is on the toxicity data needed to reliably
calibrate the models. Modelling results showed a broad variation of predicted
effects strongly depending on the specific exposure patterns of a plant protection
product. Another focus of this contribution is the presentation of semi-field
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growth data of M. spicatum. The monitoring of plant growth was initiated to
identify the spatial capacity limit of plant growth and to obtain long-term growth
data that are otherwise hardly available for aquatic macrophytes. The maximum
capacity of total plant length was approximately 150 m for the containers with
their specific spatial dimensions.

23

Plant community modelling as a means to assess herbicide effects on plant
reproduction using the IBC model approach

J. Reeg, University of Potsdam / Plant Ecology and Nature Conservation; T.
Schad, T. Preuss, Bayer CropScience / Environmental Modelling; C. Mihan,
Bayer CropScience AG; F. Jeltsch, University of Potsdam

Risk assessments of plant protection products include testing effects on non-target
terrestrial plants (NTTPs). To address the protection of plant communities at
landscape level, several researchers state that the full plant life cycle should be
assessed, since reproductive endpoints (e.g., seed production and germinability)
may be more relevant for the continuation of the populations. It remains unclear,
which effect extent might be tolerable to still preserve plant populations. During a
follow-up SETAC workshop on NTTPs held in Wageningen on September 21 and
22 2015, the need for reproductive studies was discussed and extrapolation from
existing studies appears meaningful. The framework of Xplicit-IBC offers an
excellent opportunity to address this task. It aims to analyze herbicide drift effects
on non-target terrestrial plant communities and populations within a landscape
community context by utilizing an individual-based spatiotemporally explicit
plant community model (IBC-grass). IBC-grass is an individual-based stochastic
plant community model for grasslands using the plant functional type approach to
cover a wide range of species. It was parameterized for a typical herbaceous field
boundary community in Europe. The regional species pool was based on an
extensive literature research and was classified into plant functional types (PFTs).
Due to the individual-based approach of IBC-grass, we were able to address
potential herbicide effects on relevant reproductive attributes of plant individuals.
In a first model test phase, we conducted unrealistic worst-case simulation
experiments in which we differentiated the relevant attribute(s), effect extents and
the affected PFTs. These simulations indicate that effects on reproductive
endpoints can have complex impacts on PFT populations. Individual-based plant
community modelling can provide valuable tools to clarify the need and - if
necessary — the design of future experiments. Further investigations will analyze
in greater depth the dependency of effects on plant trait characteristics (e.g. type
of reproduction) and the sensitivity of potential endpoints. In these studies
herbicide exposure will be simulated in a more realistic pattern to investigate
real-world situations (e.g., variable herbicide exposures) and will be upscaled to a
landscape level by integrating the herbicide exposure model Xplicit.

Metals in the Environment: Fate, Speciation and
Bioavailability in Water, Soil and Sediment (I)

24

Modelling chromium(III) binding to humic substances and its speciation in
soil solution

J.E. Groenenberg, Alterra Wageningen University and Research Centre /
sustainable soil management; E. Temminghoff, Wageningen University / Soil
Quality

Chromium exists in natural environments in the Cr(IIl) and Cr(VI) redox state.
Humic substances can reduce the more toxic Cr(VI) to Cr(IIT). Cr(III) binds very
strongly to organic matter in soils which reduces its availability and protects it
against oxidation. Binding of Cr(III) to humic substances is however hardly
quantified and binding constants for Cr binding to humics in ion binding models
are based on very limited experimental data. Modeled Cr(IlI) speciation in soil
solution using the NICA-Donnan model in combination with generic model
parameters deviated strongly from speciation measurements in soil solution
extracts with the Donnan Membrane Technique (DMT). To quantify Cr binding to
humics we studied the binding of Cr to an isolated fulvic and humic acid using the
DMT. Based on these results new model NICA-Donnan model parameters for Cr
binding to humics were derived, using the coupled PEST-ORCHESTRA modeling
tool. Additional information other than macroscopic adsorption data were
nescessary to make scientifically sound choices with respect to the
parameterisation.

25

Understanding the behaviour of silver in surface and wastewater
environments: Experimental validation of WHAM

A. Peters, wca; G. Merrington, wca consulting; R. van Egmond, Unilever; S.D.
Smith, Wilfrid Laurier University / Department of Chemistry; S. Lofts, Centre for
Ecology & Hydrology / Shore Section

Exposures to ionic silver are known to result in adverse effects in laboratory test
organisms at concentrations in the low parts per billion range. Yet, environmental
exposures are rarely in the ionic form and so are less ecotoxicologically relevant.
It has long been established that dissolved organic carbon (DOC) and sulphur
compounds in freshwater and effluents can bind with silver mitigating ecotoxicity

and influencing the behaviour and fate. Concentrated samples of natural organic
materials were collected from four freshwater sites in Canada using reverse
osmosis. Standard samples of natural organic matter (NOM) concentrates,
collected using a similar reverse osmosis method to that employed for the field
samples, were also obtained from the International Humic Substances Society
(IHSS). The sludge from a raw sewage sample was also tested as a binding
matrix.Silver binding to the organic matter concnetrates, including raw sewage,
was determined by titration using a silver ion selective electrode. Organic matter
samples showed varying levels of silver binding at the same metal to carbon
ratios. Various properties of the organic matter samples were determined in order
to identify the factors affecting silver binding strength between different samples.
The properties investigated included fluorescence, specific UV absorption, thiol
concnetrations, and chromium reducible sulfide concentrations. Chromium
reducible sulfide concentrations in the organic matter samples correlate with the
degree of silver binding and may be used to refine WHAM predictions of silver
speciation.

26

Electroanalytical techniques to determine free concentrations and lability
degrees in Indium solutions.

J. Galceran, Universitat de Lleida / Dep Quimica; M. Heidarkhan Tehrani, A.
Dago, E. Companys, J. Puy, Universitat de Lleida and AGROTECNIO / Dep
Quimica

Indium is a critical element present in electronic devices, from which it can
eventually leach to natural waters. The large hydrolysis processes of Indium (e.g.
an increase by 0.1 units in pH in precipitated systems decreases the free
concentration by a factor of 2) hinder the accurate study of its speciation and
availability with most conventional techniques and, so, there are many unresolved
aspects of the behaviour of free Indium in various systems'. AGNES (Absence of
Gradients and Nernstian Equilibrium Stripping) is an emerging electroanalytical
technique designed to determine free metal ion concentrations in solutions, such
as seawaters, river waters, dispersions of nanoparticles, extracts of soils, etc (see
recent review?”). The implementation of AGNES with mercury electrodes requires
amalgamating elements such as Zn, Cd, Pb, Sn or In. Due to some irreversibility
of Indium on the Hg electrode, a new calibration strategy has been developed.
Speciation results in the system Indium+Nitrilotriacetic acid with AGNES agree
with computations using database NIST 46.6. However, the evolution of free
Indium for increasing amounts of the ligand oxalate indicates that the values of the
stability constants in NIST 46.6 * are not so accurate as those of Vasca e al.*. A
new strategy, called Accumulation under Diffusion Limited Conditions (ADLC),
can be applied to compute the lability degree of the complexes. The lability degree
is strongly linked to the availability of this element as it describes the contribution
of the complexes to the overall uptake flux. The use of highly labile complexes
(such as those of oxalate) allows for a dramatic reduction of the deposition times,
especially for huge gains (i.e. preconcentration factors). For instance, in the
system oxalate+In at pH 3, equilibrium for a gain larger than 300000 was attained
in just 25 seconds retrieving [In**]=3.71x10"" M. In precipitated solutions at pH
5.6 (where the free Indium concentration is fixed despite the addition of the
helping oxalate), [In**]= 1.87x10"" was determined. References: (1) Tuck, D. G.
Pure Appl.Chem. 1983, 55, 1477. (2) Galceran, J. et.al. J.Electroanal .Chem. 2014,
722-723,110. (3) Pingarron, J. M. et.al. Bulletin de la Societe Chimique de
France 1984, 3-4, 115. (4) Vasca, E. et.al. Dalton Trans. 2003, 2698.

27

Colloidal metal speciation in historically contaminated sites studied using
centrifugal FFF

G. Cornelis, University of Gothenburg / Department of Chemistry and Molecular
Biology; . LAv, Swedish University of Agricultural Sciences; J. Gustafsson,
KTH royal Institute of Technology / Land and Water Resources Engineering; M.
Hassellov, University of Gothenburg / Department of Marine Sciences; D.
Berggren Kleja, Swedish University of Agricultural Sciences

Many indications exist that natural colloids are often vectors for many metals,
predicting large discrepancies between modelled and experimental results,
particularly for those metals having relatively high partitioning coefficients (K4
values), such as lead (Pb). Centrifugal Field flow fractionation (cF>)and sequential
filtration wereused to analyse the colloidal speciation of several metals released
during unsaturated leaching of intact cores of historically contaminated sites in an
irrigation chamber. It was also investigated whether this speciation changes during
simulated extreme rainfall events. cF° ¢_ ICP-MS complemented sequential
filtration data the former technique gave a much more detailed picture of the
association between several elements simultaneously. Most metals of interest were
found as dissolved species and/or associated with relatively small colloids (< 200
nm). The speciation of lead was spread over iron oxides, organic matter and an
aluminium bearing phase, but it was unclear whether the latter phase was a clay
fraction or aluminium oxides. Sb occurred in relatively larger particles only in one
particular soil from an industrial area without associations with other elements. As
and Cr appeared mainly dissolved, but partly associated with iron oxides.
Differences between the two rainfall scenarios were, in general, limited. The
division of metals over dissolved phase and differently size colloids has
implication for modelling their fate and bioavailability in realistic systems,

SETAC Europe 26th Annual Meeting Abstract Book 9



because K4 values may not always provide the most accurate prediction. The
relative importance of a kinetic versus thermodynamic approach is discussed.

28

Specific parameterization of WHAM improves the prediction of copper
competitive binding on plant roots

S. Guigues, M. Bravin, CIRAD; C. Garnier, Universite de Toulon; E. Doelsch,
CIRAD

The relevance of the default humic acid (HA) in the Windermere humic aqueous
model (WHAM) for modelling the binding of metal cations such as copper
exhibiting high affinity for plant roots is questionable. We thus compared the
ability of the default parameterization of WHAM and a specific parameterization
for terrestrial higher plants (WHAM-THP) to model the competitive binding of
copper on wheat (Triticum aestivum L.) and tomato (Solanum lycopersicum L.)
roots. WHAM overestimated by twofold the binding of copper on roots under
varying ionic strength and concentration of competitive cations (proton, calcium,
and zinc). With a single set of parameters for both wheat and tomato, the specific
parameterization of WHAM-THP improved the goodness of the fit of copper
competitive binding (logo of the root-mean-squared residual = 0.15) without any
systematic bias. We put forward proposals for the practical application of
WHAM-THP in predictive ecotoxicology.

29

Speciation and localisation of gadolinium in root tissue of Zea mays

J. Saatz, Analytical Chemistry; H. Stryhanyuk, Helmholtz Centre for
Environmental Research UFZ / Isotope Biogeochemistry; B. Daus, Helmholtz
Centre for Environmental Research UFZ / Analytical Chemistry; T. Reemtsma,
Helmholtz Centre for Environmental Research

The group of rare earth elements (REE) consists of 17 economically critical
elements, the lanthanides and Sc and Y. Their physico-chemical properties make
them useful for many high tech applications. The lack of economic recycling ways
might result in the accumulation of REE in the environment, which might
negatively affect organism like plants as primary producers. Bioavailability of
REE was shown to be high, especially for fine ground materials like tailings [1].
Earlier studies [2] also showed high concentrations of Gd in the root tissue, with
low transport to shoot tissue, therefore, speciation and localisation of Gd in root
tissue was conducted. Tof-SIMS, as a surface analytical technique, offers high
sensitivity and can generally detect all elements and isotopes. Gd was chosen for a
hydroponic solution culture using a culture crop Zea mays (cv. Ronhaldino). It
was applied in a concentration of 10 mg L™ as nitrate. The plants were grown in a
greenhouse in eastern Germany during the warm and sunny month April. After 14
days the plants were harvested. The roots were used for the investigations
presented here. Thin sections ranging between 8 and 20 ym were analysed for the
location and species of Gd by ToF-SIMS (ION TOF). Total concentrations of
dried bulk samples were measured by ICP-MS (Agilent 7700) after digestion.
High content of Gd was found in the dried bulk samples of the roots after aqua
regia digestion, 8.43 £0.95 gkg". Gd was analysed in spots of high
concentrations at the epidermis of the root. The typical isotope pattern was
identified for Gd as well as for Gd species bound to oxygen. The expected
Gd-phosphates could not be found in these spots. The occurrence of the spots in
the outer epidermis might be an explanation for the low transfer rates. For the first
time, ToF-SIMS analysis with a spatial resolution of 4 ym was used to locate
these spots and give information about the species of the Gd in the plant root. 1.
Mittermiiller, M., Saatz, J., and Daus, B., A sequential extraction procedure to
evaluate the mobilization behavior of rare earth elements in soils and tailings
materials. submitted. 2. Saatz, J.,Vetterlein D. Mattusch, J. Otto, M, Daus, B.,
2015, The influence of gadolinium and yttrium on biomass production and
nutrient balance of maize plants. Environ Pollut,. 204: 32-8.

Natural toxins: an on-growing challenge for environmental
research, monitoring and management

30

Cyanobacterial toxins: from genome mining to risk assessment

C. Pancrace, J. Humbert, Institute for Ecology and Environmental Science - Paris /
Community diversity and ecosystem functioning; M. Gugger, Institut Pasteur /
Microbiologie Collection des Cyanobactéries

Cyanobacteria are photosynthetic prokaryotes proliferating in many ecosystems
worldwide. This phylum is also known to produce a wide range of bioactive
natural products, notably cyanotoxins linked to animal deaths and human health
hazards through drinking and recreational waters. Cyanobacterial natural products
are complex peptides, polyketides and hybrid metabolites such as the well-studied
hepatotoxin microcystin. Current strategies for cyanotoxin-related risk assessment
are based on detection of the known producers or of the already characterized
toxic compounds. This strategy does not take into account the larger
cyanobacterial potential recently uncovered with genomic and metagenomic as
well as metabolomic analysis. Furthermore, emerging toxins are not monitored or
regulated. We studied the bloom-forming genus Planktothrix genetic potential
dedicated to the biosynthesis of natural products. Diversity and distribution was

10

established by in silico genomic analysis of newly sequenced isolated strains of
diverse origin. Natural products were also characterized by mass spectrometry
analyses to detect variants of the known peptides and novel natural products of
this cyanobacterial genus. This multidisciplinary analytical approach could be
broaden and extended with molecular biology tools for early detection of toxic
potential of HABs in environmental samples. Most of the time even in the case of
known compounds such as the toxin microcystin, the cellular and ecological
function of the metabolite remains unknown. The understanding of regulation of
natural product synthesis, as well as the cyanoHABs internal population
regulation is only at its first steps. The use of genome mining strategies on NGS
environmental and experimental data will lead to a more systematic survey of
potential hazards. Although challenging, closing this knowledge gap between
producers and their genetic potential, regulation and metabolites detection will
give rise to a better risk assessment in freshwater ecosystems.

31

Structure-dependent effects of selected cyanobacterial peptides on innate
immunity

O. Adamovsky, Masaryk University, Faculty of Science, RECETOX / Research
centre for toxic compounds in the environment RECETOX; Z. Moosova, L.
Blaha, Masaryk University, Faculty of Science / Research centre for toxic
compounds in the environment RECETOX

Cyanobacteria produce many biologically active metabolites synthesized via
nonribosomal synthetic pathways. These are classified into several families,
according to their structural features, and include also cyclic microcystins (MCs)
and linear aeruginosins (AURs). Although MCs are toxicologically known for
their hepatotoxic effects, their immunomodulatory potential is not known. In
contrast, aeruginosins have been studied in much lesser extent but recently
isolated new aeruginosin-865 (AUR865) showed some anti-inflammatory
potential. The present study aimed to investigate in detail the effects of three
different MC variants and AUR865 on macrophages, which represent one of the
key effector cells within the innate immune responses. Specifically, our study
includes investigation and comparison of several structurally different
cyanobacterial peptides on macrophage activation, associated with production of
cytotoxic and cytostatic products such as nitric oxide (NO), as well as
proinflammatory mediators (e.g. tumor necrosis factor a, TNFo and interleukin 6,
IL-6). Although MC-LR was able to significantly affect the macrophages, other
most common MCs (-RR, -YR) and AURS865 did not alter immune responses. Our
recently published results on affected molecular pathways (doi:
10.1021/acs.est.5b02049) provide an interesting mechanistic explanation of some
adverse health outcomes associated with toxic cyanobacteria. The research was
supported by the projects of the Czech Ministry of Education LO1214 and
LM2011028, and by the CYANOCOST action (EU COST ES1105).

32

Occurrence of emerging marine toxins in coastal areas of the Catalan coast
C. Bosch, IDAEA-CSIC / Environmental Chemistry; J. Sanchis, IDAEA-CSIC /
Water and Soil Quality Research Group; M. Farre, IDAEA-CSIC; D. Barcelo,
IIQAB-CSIC / Dept Environmental Chemistry

Marine toxins are natural substances synthetized by phytoplankton and other
organisms. Main concern about these compounds is due to its potential toxics
effects, especially when a harmful algal bloom (HAB) takes place. During this
phenomenon, high amounts of toxins are generated; its accumulation in the
particulate can favour the eutrophication of the waters and on the other hand,
zooplankton, fish and shellfish that can suffer intoxication with poisoning or lethal
effects. Moreover, it has been evidenced that the concentration of toxins can
bioaccumulate along the food chain, supposing a potential risk for human health.
Monitoring of these compounds has become an important issue during last
decades. New analytical methodologies are required with the aim of determining
the distribution, transport and behavior of marine toxins with enough accuracy and
sensitivity. In this study, an analytical methodology has been developed and
validated for the detection of different families of the most frequent marine toxins
in seawater and estuarine areas. This method is based in solid phase extraction
(SPE) followed by high performance liquid chromatography (HPLC) coupled to
high resolution mass spectrometry (HRMS). In order to assess the occurrence and
distribution of these marine toxins, the developed methodology has been applied
in real samples from the western Mediterranean Sea and the Ebro’s delta basin.
Samples were collected in the same areas for different periods of time in order to
characterize the occurrence of marine toxins in different seasons. Preliminary
results show the presence of some marine toxins in similar concentration for all
seasons and in non-algal bloom conditions. These results highlight the importance
of further studying the degradation patterns, distribution and chronic toxic effects
of these substances in order to properly carry out a risk assessment.

33

Characterization of the voltage-gated sodium channel and its isoforms in the
Pacific oyster Crassostrea gigas: link with its sensitivity to paralytic shellfish
toxins produced by Alexandrium minutum

E. Boullot; H. Hégaret, LEMAR UMR 6539 CNRS/UBO/IRD/Ifremer / UMR
CNRS Ifremer IRD UBO; J. Castrec, LEMAR UMR 6539 CNRS / UMR CNRS
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UBO IRD Ifremer; A. Bidault, P. Boudry, LEMAR UMR 6539
CNRS/UBO/IRD/Ifremer / UMR CNRS UBO IRD Ifremer; P. Soudant, C.
Fabioux, LEMAR UMR 6539 CNRS/UBO/IRD/Ifremer

French coasts are regularly affected by blooms of the dinoflagellate Alexandrium
spp. These micro-algae can produce paralytic shellfish toxins (PST), such as
saxitoxin (STX) and its derivatives, which bind to voltage-gated sodium (Nav)
channels and block conduction of action potential in muscle and nerve fibers.
Filter feeder marine organisms, such as oysters, can accumulate high levels of
PST, making them toxic and unsuitable for human consumption. The toxin load in
Crassostrea gigas oysters, has been shown to vary between individuals, sampled
from a same population and then exposed experimentally to A. minutum. These
results suggest a high variability in PST tolerance. The purpose of our study was
(i) to characterize Nav channel and its isoforms in C. gigas and (ii) to determine
whether Nav channel isoforms play a role in the sensitivity of C. gigas to PST.
The tissular and cellular expression pattern of Nav was characterized by real-time
PCR and in situ hybridization. Nav appeared mainly expressed in neurosecretory
cells of the visceral ganglia, in nerve fibers of the striated muscle and in epithelial
cells of the labial palps and mantle. First sequencing analysis of Nav cDNA in
muscle and visceral ganglia revealed three alternative splicing transcripts. These
transcripts have a specific tissular expression. Only one transcript is found in the
striated muscle, whereas the two other transcripts are expressed in the visceral
ganglia. This alternative splicing could be a source of the differential sensitivity to
PST in C. gigas, as demonstrated in some insects for resistance to pyrethroids, and
consequently could lead to variable toxin load in oysters exposed to A. minutum.
As a result, we will analyze the presence/absence of each splicing variant as well
as their expression level in muscle and visceral ganglia in oysters experimentally
exposed to A. minutum to test the correlation between Nav variant expression and
toxin accumulation.

34

Identifying phytotoxins of environmental concern

T. Bucheli, Agroscope ART / Environmental Analytics Natural Resources and
Agriculture; J. Hollender, Eawag / Environmental Chemistry; M. Scheringer, K.
Hungerbuehler, ETH Zurich / Institute for Chemical and Bioengineering

Today, environmental scientists, regulators and decision makers are well aware of
the presence and potential risk of anthropogenic chemicals in the aqueous
environment. In contrast, natural toxins from plants (phytotoxins) have not yet
been perceived as potential aquatic micropollutants. A number of arguments lead
us to hypothesize that phytotoxins might indeed play a role in this respect, the
most important of which are: 1) there are thousands of toxic plants, containing a
variety of even more chemically very diverse phytotoxins, 2) exposures in
anthropogenically managed/affected (agro-)ecosystems can be
orders-of-magnitude higher than in the pristine environment, 3) phytotoxins are
toxic by definition, although their mode of action is often unknown, 4) effects of
phytotoxins (on non-target organisms) have been shown in case of
allelochemicals, invasive plant species, and biopesticides, and 5) to properly
evaluate the risks of (emerging) anthropogenic contaminants, the background
stress/toxicity potentially exerted by natural toxins should be known. Therefore,
we propose a systematic assessment of the aquatic environmental exposure to
phytotoxins in Switzerland. This is accomplished with a sequence of iteratively
refined work packages, including: 1) compilation of a database of phytotoxins,
based on the spatial distribution and chemical fingerprint of toxic plants in
Switzerland, 2) elucidation of physicochemical properties of phytotoxins using
literature data or in silico estimations, 3) prediction of the phytotoxins’
environmental fate and behavior and likely recipient matrices by means of in
silico multi-compartment mass-balance models, 4) surface water sampling in
collaboration with respective monitoring networks, and 5) target and suspect
analysis of phytotoxins in the collected water samples. This way, we aim to
identify among the many thousands of phytotoxins those — probably rather few —
that actually may be considered as aquatic micropollutants.

35

Environmental fate and ecotoxicological impact of leptospermone, a natural
B-triketone herbicide in soils

L. barthelmebs; S. Romdhane, University of perpignan / CRIOBE BAE; M.
Devers-Lamrani, INRA Institut National de la Recherche Agronomique / UMR
Agroecologie; C. Calvayrac, University of perpignan / BAE; F. Dayan, Colorado
State University / BSPM; C. Bertrand, Université de Perpignan / CRIOBE; J.
Cooper, University of perpignan / CRIOBE; I. BATISSON, CNRS-Clermont
Université, Université Blaise Pascal / Laboratoire Microorganismes Génome et
Environnement; F. Martin-Laurent, INRA / Agroecologie

Most agricultural production relies on the use of chemicals to maintain high crop
yields. The use of these chemicals in farming practices is viewed as an integral
part of the success of the intensive farming. However, most of the pesticides
applied to agricultural lands may affect non-target organisms and contaminate soil
and water media. Increasing public concern about the impact of pesticides on the
environment, and European legislation has led to develop some strategies to
evaluate and to prevent the potential impacts of different land management
practices. In this context, new generations of less environmentally dangerous
molecules, such as lower impact pesticides, biopesticides and natural

product-based pesticides have been introduced. Despite this, a lot of work has to
be carried out to evaluate the possible risks and adverse effects of such
compounds on environment and humans. In the frame of the TRICETOX project,
we study the fB-triketone herbicide family, a post-emergence maize selective
herbicides belonging to this new generation of molecules. Inside this family, we
focus on leptospermone, an allelopathic compound isolated from the bottlebrush
plant Callistemon citrinus. Since few data are available for this molecule, we want
to gain new insights by addressing its soil behaviour, by studying its impact on
soil microbial communities, by studying its biotic and abiotic degradation and by
testing its toxicity. Then, multidisciplinary approaches were applied to assess the
fate and impact of leptospermone in two different soil types. Our results showed
that in the two tested soils, leptospermone has a similar fate to that of the synthetic
B-triketone herbicides, such as sulcotrione or mesotrione. Interestingly,
leptospermone exhibits a 10 fold lower toxicity, determined with Microtox® than
the two synthetic counterparts. Although leptospermone was rapidly dissipated
from soil, it has a significant ecotoxicological impact on the abundance and
diversity of soil bacterial community. This ecotoxicological impact was transient
and when leptospermone was fully dissipated, the bacterial community recovered
its initial composition and diversity. However, the recovery cannot be reached in
soil microcosms where leptospermone remained. Characterization of a bacterial
isolate able to degrade leptospermone is in progress. Further work need to be done
to test the ecotoxicological impact of this natural p-triketone on a wider range of
soil classes.

Advances in exposure modelling: bridging the gap between
research and application (1)

36

Screening level Environmental Exposure modelling Of Engineered
Nanoparticles: An analysis using SimpleBox4nano

J. Meesters, Radboud University Nijmegen / Environmental Science; D. van de
Meent, Radboud University / Department of Environmental Science

In order to sustain the development of nanomaterials by industry, a robust risk
assessment framework is needed. A screening level environmental exposure
model is one of the first steps of such a framework currently in place in Europe
and the United Sates, but this needs adaptation for use with nanomaterials . For
this reason, SimpleBox4nano was developed as a first step in developing a
screening level exposure model that can be used as part of such risk assessment
frameworks currently in place for conventional chemicals. Here we present a
further analysis of the SimpleBox4nano model in order to continue its
development towards a robust screening level exposure assessment model for
nanomaterials. First an analysis is done of the uncertainty and variability in output
exposure concentrations of three metal oxide ENPs (TiO,, ZnO and CeO,) in
relation to the uncertainty and variability of the emission rates and a broad
selection of input parameters, including environmental properties such as e.g.
ambient particle concentrations and temperature. Second, a sensitivity analysis is
done for the nano-specific properties: nanoparticle size, density, dissolution rate
and attachment efficiency while still accounting for variability of the
environmental properties in order to more clearly understand the significance of
these specific nanomaterial properties compared to natural variability.

37

A Kinetic Environmental Fate Model for the Risk Assessment of Engineered
Nanomaterials

J. Perez Holmberg, University of Gothenburg / Chemistry and Molecular Biology;
R F. Domingos, Institut de Physique du Globe de Paris / Equipe de Géochimie des
Eaux; C. Svendsen, CEH, Wallingford / Pollution and Ecotoxicology; E. Dumont,
CEH Wallingford; M. Matzke, Centre for Ecology & Hydrology (NERC) /
Molecular Ecotoxicology; R. Vanhauten, ThinkWorks B.V.; S. Lofts, Centre for
Ecology & Hydrology / Shore Section; V. Keller, Centre for Ecology &
Hydrology; G. Cornelis, University of Gothenburg / Department of Chemistry and
Molecular Biology

An integrated exposure model is proposed for the prediction of the environmental
fate of nanomaterials (NMs) in various natural and man-made compartments. A
semi-mechanistic approach is used, wherein the kinetic nature of the NM fate
processes takes focus. Environmental matrix interactions depend on NM
properties and relevant parameters, such as organic matter and ionic conditions,
and are calculated on a temporal scale in each compartment. The risk quotient is
calculated based on the maximum calculated temporal NM bioavailability and
existing hazard information. The goal of this approach is to apply the model for
most currently-produced and possible future NMs, also aiming to find a
compromise between mechanistical accuracy and operational simplicity. In the
current model, fate descriptors are detailed for the following compartments: soil,
surface water, sediment and wastewater treatment plant (WWTP). The WWTP is
the main entry point for NMs emitted with domestic and industrial liquid waste.
Partitioning of NMs in the WWTP, based on their affinity to sludge, determines
the amounts that are transported to the surface water (in the effluent) and the soil
(via sludge). The physicochemistry of the surface waters, including fresh-,
estuarine-, and marine water, and the properties of the NM are among the factors
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that affect its bioavailable concentration in the water column and, after possible
sedimentation, in the sediment within a certain time. The kinetic model includes
rates of the following key processes: dissolution, sulfidation, heteroaggregation,
and sedimentation. NMs arrive in topsoils via the annual deposition of sludge. The
time-dependent concentration in the pore water (liquid phase) and on the soil
material (solid phase) is determined using a dual deposition model, allowing both
NM release and (ir)reversible attachment. The time-dependency of chemical
species concentrations is essential since it evokes realistic time-dependent
exposure scenarios whereas available hazard values are almost always considered
static. This information is relevant in assessing the bioavailability and eventual
risks of NM release and transport. This kinetic fate model is a key component in
the web-based tool for the assessment and management of risks associated with
NM-enabled consumer products, under the GUIDEnano Project (EU FP7). This
work also contributes to the NanoFASE Project (EU H2020).
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The importance of temporal variables in environmental modelling:
Rationalizing measured concentrations of cyclic volatile methyl siloxanes in
an Arctic lake

LS. Krogseth, Norwegian Institute for Air Research / Environmental Chemistry;
M. Whelan, University of leicester / Geography; G. Christensen, A. Evenset,
Akvaplan-niva AS; K. Breivik, Norwegian Inst. for Air Research; N.A. Warner,
NILU - Norwegian Institute for Air Research / Environmental Chemistry

Cyclic volatile methyl siloxanes (cVMS) are used in personal care products and
are emitted to aquatic environments through wastewater effluents. In this study,
we describe a holistic evaluation of the environmental fate of cVMS in an Arctic
lake (Lake Storvannet, 70 °N 23 °E) experiencing seasonal variations in
environmental conditions and intermittent wastewater emissions. Sewage, lake
water, and sediment samples were collected and analyzed for cVMS
concentrations in 2014. While measured cVMS concentrations in lake water were
below detection limits, concentrations in sediments were comparable to
concentrations observed in higher populated areas. To rationalize measurements,
Mackay et al.’s QWASI-model was parameterized for Storvannet and run for
steady-state conditions assuming constant emissions and under dynamic
conditions accounting for temporally variable emissions, water-flows,
temperatures and ice-cover. Inverse modelling was employed using the
steady-state QWASI to estimate the average rate of emission from the measured
concentrations of cVMS in sediment. This resulted in a significant over-prediction
of cVMS concentrations in water compared to actual measurements and to
unrealistically high emission estimates to the lake based on measured
concentrations in sewage. The dynamic model could mechanistically rationalize
high (and relatively stable) concentrations of cVMS in sediment and low
concentrations in the water column by employing a hypothetical intermittent
emission scenario consistent with combined sewer overflows and a lower annual
average emission. In both the steady-state and the dynamic scenarios, the most
important removal process for cVMS from lake water was predicted to be
advection due to the high rate of water-turnover, while removal processes
typically dominant in other aquatic systems were limited in Storvannet due to low
temperatures, ice-cover and slow sedimentation rates. This study illustrates the
benefits of combining monitoring with models as interpretive frameworks to
understand the environmental behaviour of organic contaminants, and the need to
balance simplicity and complexity in modelling efforts. In addition, the insight
gained on the fate of cVMS in Arctic environments may be useful for interpreting
biotic exposure in Arctic environments and may inform ongoing regulatory
debates for cVMS materials.
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Can eutrophication impact air-sea exchange and concentrations of
contaminants in marine systems?

E. Undeman, Stockholm University / Environmental Science and Analytical
Chemistry ACES; K. Dahlgren Straat, Stockholm University / Department of
Environmental Science and Analytical Chemistry ACES; E. Gustafsson,
Stockholm University / Baltic Sea Centre; B. Gustafsson, Stockholm University /
Baltic Nest Institute Baltic Sea Centre

Eutrophication impacts not only biogeochemical and ecological processes in many
water bodies, but potentially also the distribution and degradation of many organic
contaminants since these substances have a tendency to partition into organic
phases. A number of hypotheses for interactive mechanisms between
contaminants and eutrophication have been postulated. One important mechanism
is the removal of chemicals from the atmosphere via the so called biological
pump. How the importance of this and other processes related to the marine
carbon cycling varies with the inherent properties of the chemicals has, however,
yet not been evaluated. In this study we use a modeling tool with multi-stressor
functionality (Baltsem-POP) to assess how changes in nutrient input and the
subsequent changes in primary production may influence concentrations and total
input of organic contaminants in marine systems such as the Baltic Sea. The
average concentrations and fluxes of a wide range of organic contaminants in the
Baltic Sea by the end of this century were predicted to differ by at most a factor of
2 when comparing a plausible future eutrophic and a more oligotrophic system.
Whereas eutrophication increased or did not change total input from the
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atmosphere for all compounds, dissolved concentrations in the eutrophic system
were always lower or not impacted for all modelled chemicals. The predicted
chemical mass stored in the active sediment layer was not consistently positively
or negatively influenced by increased primary production across the chemical
space, instead reflected the combined influence of increased atmospheric input
and depleted surface water concentrations. We found that mitigation of
anthropogenic eutrophication may increase dissolved concentrations of many
compounds with relatively low volatility in surface waters, but at the same time
lower the total input from the atmosphere of more volatile hydrophobic
contaminants and consequently their accumulation in sediments.
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Integration of environmental and human PBPK exposure models: application
of MERLIN-Expo modelling tool to POPs exposure in Venice lagoon.

A. Radomyski, University of Venice / Department of Environmental Sciences
Informatics and Statistics; E. Giubilato, A. Critto, University Ca Foscari of Venice
/ Department of Environmental Sciences Informatics and Statistics; P. Ciffroy,
Electricite de France / LNHE Department I; C. Brochot, INERIS / Models for
Ecotoxicology and Toxicology METO; A. Marcomini, University of Venice /
Department of Environmental Sciences Informatics and Statistics

MERLIN-Expo is a new tool for integrated exposure assessment recently
developed under the FP7 project “4FUN”. MERLIN-Expo is a simulation
platform providing a library of multimedia and physiologically-based
pharmacokinetic (PBPK) models which can be coupled in order to estimate
ecological and human exposures in complex scenarios. Models can be used to
simulate fate of organic (PAHs, PCBs) and inorganic contaminants. Software
enables end-user to apply set of functionalities such as uncertainty and sensitivity
analysis, dynamic deterministic and probabilistic simulations in order to address
different exposure and chemical fate problems. MERLIN-Expo was applied to
assess the ecological and human exposure to PCBs and PCDDs in the Venice
lagoon. The Phytoplankton, Aquatic Invertebrate and Fish models were developed
and implemented in MERLIN-Expo library, subsequently integrated to create
specific aquatic food web to dynamically simulate bioaccumulation in different
aquatic species. Concentrations of PCBs and PCDDs in water were used as
time-dependent inputs to run long term simulations. The estimated concentrations
in edible aquatic species were then used to estimate daily human intake through
the consumption of local seafood. The application of the PBPK model allowed to
explore the time dependent accumulation of target chemicals in human tissues for
several decades. Modelling results are tested against available monitoring data on
chemical concentrations in edible aquatic species and concentrations in serum of
adult men in Venice area to assess the reliability and applicability of the proposed
tool to real complex scenarios. Full chain exposure assessment is then
complemented by uncertainty and sensitivity analysis including local sensitivity
methods, screening methods (e.g. Morris method), global regression methods (e.g.
Standardised Regression Coefficients), and global variance based methods (e.g.
FAST, EFAST, Sobol). These methods allow to follow for instance WHO (2008)
recommendations to perform three stage uncertainty/sensitivity analysis, adopting
qualitative, semi-qualitative, and quantitative methods. Integration of
environmental and human exposure models in MERLIN-Expo allows
comprehensive assessment of exposure and thus better characterisation of overall
risk to human and environment especially in the case of higher tier assessment.
This makes the tool interesting and promising for potential applications in
different regulatory domains.
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Quantifying the Near-Field Exposures to Chemicals in Flooring Materials
during the Use Phase

L. Huang, University of Michigan / Dept of Environmental Health Sciences; O.
Jolliet, University of Michigan

There is growing evidence that near-field chemical intakes during use phase could
be as important as environmentally mediated exposures. Thus, it is crucial to
consider the exposures during the use phase when assessing the potential human
exposures from consumer products. Chemicals encapsulated in products can be a
major emission source in the indoor environment and in the use phase, of which
typical examples are chemicals in flooring materials. These chemicals can be
released to indoor air leading to inhalation exposures, and can also migrate to the
flooring surface and lead to dermal exposure via physical contact. The present
study thus aims to characterize the near-field exposures from chemicals
encapsulated in flooring materials. A parsimonious model which describes the
diffusive emissions of chemicals from materials and the subsequent loss by
ventilation was employed. This model can predict the fraction of chemical mass
emitted to air and the chemical concentration on product surface using two
exponentials. The predicted air emissions and surface concentrations are then
multiplied by an indoor inhalation intake factor and a skin permeability
coefficient, respectively, to calculate the product intake fractions (PiFs), which
determine the fraction of a chemical in a product that is taken up by humans
during its use phase. The exposure doses can then be obtained by combining the
PiFs and the chemical content in the product. Chemicals studied include 13
chemicals (5 SVOCs and 8 VOCs) in flooring that have ToxCast Oral
Equivalency Dose (OED) data. PiFs were calculated for a child under 5-yr old in a
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typical North American household with 3mm-thick flooring. Two extreme times
points were chosen: 50 days and 15 years. All compounds have inhalation intake
dominating except Bisphenol-A, whose dermal intake dominates. VOCs generally
have higher exposure doses than SVOCs. Average daily dose ranges from 10 to
10" for the first 50 days of flooring use and from 10 to 10" for 15 years. The
exposure doses for most chemicals over 15y years are below OEDs, while half
chemicals have doses higher than OEDs during the first 50 days, demonstrating
the importance of the time scale when assessing exposure doses. This study shows
that chemicals in flooring materials can lead to significant near-field human
exposures, especially during the initial period (first 50-100 days) of flooring use,
and further investigation is warranted.

Life Cycle Data and Modeling Developments - From Data
Collection to Usage (l)

42

Towards a Global Network of Interoperable LCA Databases

L. Mila i Canals, UNEP; F. Wang, United Nations Environment Programme
(UNEP) / SCP; A. Ciroth; S. Fazio, EC-JRC / Institute for Environment and
Sustainability; M. Goedkoop, PRe Consulting; W. Ingwersen, US EPA; S. Suh,
University of California Santa Barbara; K. Tahara, Research Institute of Science
for Safety and Sustainability; J. Tivander, Chalmers University of Technology /
Environmental Systems Analysis Energy and Environment; B.W. Vigon, SETAC;
G. Wernet, ecoinvent Centre; T. Braga, C. Leite, IBICT

1. Introduction International LCA dialogue has been formalized between countries
within The “International Forum on LCA cooperation” since 2011 in order to
facilitate the implementation of Sustainable Consumption and Production policies.
Within this dialogue, cooperation on and access to global data has been identified
as a must in order to reduce the cost and increase applicability of LCA studies in a
context of a global economy. Therefore, the countries, with the support of UNEP,
launched the Global Network of Interoperable LCA databases (the “Global
Network™) and agreed on a shared ambition that by 2017 the LCA user has a
global and easy access to the main LCA databases with assessment of “fitness for
purpose”. 2. Materials and methods The Steering Committee is the governance
body of the initiative and it is supported by the working groups, who are the
operational units, created for a limited duration and focused on particular tasks
products and deliverables. Three working groups (WG) have been launched: i)
“Network Architecture and Technology” ii) “Nomenclature and iii) “Metadata
descriptors”. Working groups are co-chairs by experts and gather more than 50
experts worldwide. Each working group has defined a workplan, timeline and
corresponding budget for the duration of the project. 3. Results This presentation
will provide the latest update following up the 2016 face-to face meeting,
scheduled in Brasilia from 14 to 16 March 2016. As of now, the following
deliverables are planned to be completed: Network Architecture and
Technology Review of existing examples and technologies for interoperable
databases Development of functional requirements of the interoperable network of
LCA data First discussion on a list of viable network options Nomenclature
Agreed elementary flows mapping file ready for review Critical review of existing
nomenclature mapping systems Metadata descriptors Identification of data
quality assessment needs, with a focus on meta-information \n 4. Conclusion In
conclusion, enhanced data accessibility and interoperability will benefit the whole
community and the mainstream applicability of LCA, and is the foundation for
key sustainability initiatives. Policy makers are relying on it for e.g. developing
sound SCP policies. Industries will be able to base their innovation and strategic
sustainability decisions on more robust information.
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BONSAI recommendations and procedures for implementation of an open
source database

M. deSaxce, 2.-0 LCA consultants; B. Weidema, Aalborg University; K. Stadler,
NTNU; C. Davis, University of Groningen; S. Merciai, 2.-0 LCA consultants; S.
Pauliuk, Albert-Ludwigs-Universitit; B. Zhu, TU Delft

The BONSALI database (https://bonsai.uno) is an open source community
initiative, using semantic web technology and data harvesting to increase the free
access to structured LCI data. This presentation describes our recommendations
and current work on implementing the BONSAI core database and system. We
implement the core database as an RDF store. The RDf store is designed for
storing supply-use data, defined as a flow-by activity matrix for the balanceable
properties of flows between activities, further specified by location, time and
macro-economic scenario (relevant for forecasted data). Each datapoint consists of
a value together with an unit and an uncertainty estimate. Non balanceable
flow-properties and metadata can also be stored with the supply-use framework.
We recommend a separate matrix to store information on complementary and
substitutability between products. Besides the core database, BONSAI will store
algorithms and software code for estimating missing data, automatic data
harvesting and accessing and data manipulation. From the supply-use data, the
algorithms will allow the calculation of direct requirements tables and their
Leontief inverse matrices in order to estimate the product footprints. The barrier
for adding data to the BONSAI database should be kept as low as possible, and

SETAC Europe 26th Annual Meeting Abstract Book

conflicting data sources allowed to co-exist. Instead, data quality should be scored
and reviewed subsequently, allowing algorithms for quality-scoring and
consolidation to provide tresholds for temporary inclusion/exclusion and to derive
preferred datapoints.The integration of data at many different levels of detail
requires algorithms for automatic disaggregation and gap-filling, using global
product and activity breakdowns based on industry data sources and data from
countries with detailed data. The first public beta-version should demonstrate
proof-of-concept of the key aspects that differentiate BONSAI from other similar
databases. This includes the modular approach to software design, the low barrier
to data entry with subsequent open review, the completeness (integrating MRIO
and detailed data), the natural language footprint query interface and the
transparency of the underlying data and routines. This also implies that the data
needs to be provided with a fully open license (CC-BY) that allows also
commercial use.
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Coupling process simulation and life cycle assessment: applications to
bio-based process investigation

N. HAJJAJL J. STEYER, Institut National de la Recherche Agronomique,
Narbonne-France / UR Laboratoire de Biotechnologie de IEnvironnement; A.
HELIAS, Institut National de la Recherche Agronomique, Narbonne-France
Simulation of manufacturing processes combined with environmental impact
assessment gives engineers the opportunity to improve the environmental
performances of the production system. Process simulation tools were used with
LCA in order to study the influence of operating parameters and to estimate
missing data for life cycle inventory. This work presents, through two illustration
cases, the use of process software (Aspen Plus™) as a tool for inventory data
estimation and for environment performance optimization. The first case
illustrates the use of the software to estimate inventory data for the production
process of H, from biogas reforming based on an anaerobic digestion plant
inventory from the literature. The second example addresses an optimization of
bioethanol steam reforming process to provide accurate conditions for sustainable
H, production. A variation in process operating parameters was also performed to
illustrate the environmental performance sensitivity and provide guidance as to
research and development effort focus for the process improvement. The variation
of the parameters was performed using two methods: intuitive approach, where
the levels of all parameters are fixed except one varying, and a factorial Design of
Experiments (DOE) method. The different process configurations were simulated
in Aspen Plus™ to provide foreground inventory data for the LCA of H,
production system. For both systems, H, from biogas reforming or from
bioethanol, the substrate production greatly influences the environmental
performances of the whole system, especially when the system comprises an
end-of-life management scenario (first case). The second investigation (H, from
bioethanol reforming) indicates that the increase of reforming temperature
improves the environment performance of the H, production system. Whereas
steam to carbon ratio has a marginal effect on the environment performance. The
main outcome of this DOE method is the development of mathematical models
that predict how changes in the reformer operating temperature and steam to
carbon ratio affected the environmental performances. The systematic integration
of simulation tools into the elaboration of environmental assessment of processes
will bring scientific legitimacy to environmental evaluation by LCA. The
simulation-based LCA can be very helpful to develop more sustainable processes
and products. This axis should be further developed, for instance, by sharing the
software databases.
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LCA Cloud: enhancing LCA data collaboration

C. Rodriguez, S. Greve, GreenDelta GmbH; A. Ciroth,

Data exchange is an important concern in LCA due to the high variety of existing
data formats, nomenclatures, data quality criteria, etc. Some of the mentioned
challenges have been already overcome in the free, open source LCA software
openLCA by integrating the most complete import and export features, which
include all the commonly used LCA data formats (i.e. ILCD, EcoSpold1,
EcoSpold2, etc.), as well as by the harmonization of elementary flows for the
different LCI databases available in openLCA Nexus. As a further step towards
facilitating LCA data creation and exchange, a new web service providing cloud
functionalities was developed and integrated into openLCA. This “LCA Cloud”,
which was developed as part of a project supported by the US Department of
Agriculture (USDA), allows the upload and download of data sets into/from a data
repository. Moreover, a merge tool was also implemented in openLCA to identify
and solve conflicting changes in the data sets retrieved from the server. The
RESTful web service for storing and providing LCA data in a uniform way was
developed as a standalone web application. The JSON 1d format is used for the
exchange of data between the service and the openL.CA software. This format is
recommended by W3C for linked data and it can directly be parsed as RDF triples
and, therefore, be directly linked to ontologies. Moreover, the web service
contains also other functionalities such as querying of data sets by user defined
criteria, validity check to avoid corrupting databases, user and repository
management systems and copyright protection procedures. Additionally to the
web service, a merge tool was developed and integrated into openLCA in order to
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identify and manage conflicting changes to the same dataset. This functionality is
specially useful when several users work in paralell in the same data. A text
comparision between the two versions of the dataset is done for each of the fields
included in it (e.g. descriptions, locations, amounts, units, etc.). The differences
found are then displayed highlighted in the tool’s editor and the user has the
possibility of accepting all, part or none of the modifications addressed. “LCA
Cloud” and the merge tool are powerful features for data sharing using the LCA
software openLCA, which enable not only loading and retriving data from web
repositories managed by the users or by external hosts but also the identification
of differences within several versions of the same data set.
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SuBoot - Sustainability Bootstrap Project

J. Hildenbrand; A. Ciroth; M. Cinelli, University of Warwick; V. Gjorgjioski,
GrabIT

Oftentimes individual data collection for a case is considered as one of the more
time consuming stages of a life cycle assessment, while on the other hand data is
available but needs to be processed from all kinds of repositories. A novel
approach to rapidly create a reliable and sound data base is tested within the
SuBoot project, which is built around three key ideas. (i) The request from
consumers to consider sound, reasonable information about the sustainability of
products, at point of sale; (ii) .Opportunities for businesses to increase their
revenues and market shares if they focus on green and ethically produced goods;
Inclusion of alternative sources for sustainability information, which are
“untapped” today. The aim of SuBoot is, therefore, to be a system to massively
collect life cycle and sustainability data from primary sources, and make it
available in supply chains and to end users: empowering consumers by providing
life cycle sustainability information at the point of sale. These aspects are
integrated in a smart and smooth software system, including one or several data
nodes, an app for end consumers, and a B2B application. The system will be
presented for a practical case to highlight challenges and solutions.
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Water supply mix: spatial, temporal and user variability at European scale
S.0. Ledo, IRSTEA Montpellier / UMRITAP ELSA; M. Niiiez, National
Research Institute of Science and Technology for Environment and Agriculture
Irstea; P. Roux, National Research Institute of Science and Technology for
Environment and Agriculture Irstea/ UMR ITAP ELSA; E. Loiseau, National
Research Institute of Science and Technology for Environment and Agriculture -
Irstea; Y. Penru, Suez Environnement SAS; A. Sferratore, Société du Canal de
Provence et daménagement de la région provencale; G. Junqua, Ecole des Mines
dAles / LGEL R .K. Rosenbaum, National Research Institute of Science and
Technology for Environment and Agriculture - Irstea / UMR ITAP

Usually, the water used by a particular user (domestic, industrial, agriculture, etc)
does not come from a single source but rather from a mix of local and sometimes
imported water sources. Depending on the origin of the water abstracted (river,
lake, aquifer, sea, etc), the location (water abundant or poor), the volume being
extracted and the season of the year (wet/dry), the resulting environmental impacts
will differ. It is therefore very important that Life Cycle Inventory (LCI) databases
contain information on these aspects for proper subsequent impact assessment.
However, current LCI databases neither differentiate (sub-)watersheds nor include
temporal aspects, as required by ISO 14046 for a proper water footprint and
impact assessment. In addition, the differentiation between surface and
groundwater and the consideration of unconventional sources such as increasingly
used desalinated or reused water remains limited. Furthermore, information on the
combination of water sources supplied to a specific user is very scarce, while for
background processes the actual origin of water is usually unknown. The aim of
this work is to develop a spatially and temporally specific water supply mix for
different water user needs. As a starting point, the geographical scope is Europe.
The water mix builds on 1) the well established concept of the electricity
production mix in Life Cycle Assessment (LCA), 2) specific literature on
inclusion of water in the LCI and the Quebec tap water supply mix, already
integrated in ecoinvent v3.1. The water mix proposed includes: water origins,
water users, spatial and temporal specification and technologies (water
abstraction, water production and water distribution). Data collection on water
abstraction was done at national and regional (i.e., watersheds) levels per
European country. A great spatial variability of water origins for different water
users has been observed. There is also a temporal variation throughout the year
that should be considered. The water supply mix, a mix of water sources and
related technologies to meet a user need at a specific time (season) and location
(sub-watershed), provides reliable water use profiles for background (and
foreground) systems in LCA and will allow for LCIA methods to distinguish
between the trade-offs of the various impact profiles of a given local mix. This
project will enable routine assessment of water-use impacts just as straightforward
as the use of the electricity supply mix.

Improving the usability of ecotoxicology in regulatory
decision-making: findings from a SETAC Pellston®
Workshop
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How to improve the quality of ecotoxicity studies

J.W. Green, DuPont / Applied Statistics Group

This presentation will address how we can go about ‘improving the quality and
reporting of ecotoxicology studies’. By advancing these two aspects, we should be
able to increase the number of studies that can be used in the risk assessment
process. Overall, there is consensus around what constitutes a well-conducted
ecotoxicity study; and that these factors should be required for publication in the
peer-reviewed literature. These include, but are not limited to, confirmed
exposures, minimum replication, appropriate controls and control performance,
and data transparency and sharing. Implementation of these recommendations by
journals, and adoption of these practices by researchers at the study performance
level, will facilitate the evaluation of the quality of work by all scientists, and
draw more defensible data into the regulatory decision-making.
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The student perspective

M. Agerstrand, Stockholm University / Environmental Science and Analytical
Chemistry

50

Panel discussion

M. Agerstrand, Stockholm University / Environmental Science and Analytical
Chemistry

Moderated panel discussion focusing on questions that the panel members get in
advance. Panel members: Allen Burton (University of Michigan, USA/editor
ET&C), Thomas-Benjamin Seiler (Aachen University, Germany/chair of SETAC
Europe Advisory Group on Science and Risk Communication), Natalie Burden
(NC3Rs, UK), Henrik Sundberg (Swedish Chemicals Agency, Sweden)
Discussion points: 1) Comments on the results from the SETAC Pellston
workshop. 2) How can scientific journals enhance and maintain the quality of
ecotoxicity studies? 3) Do scientific journals have any responsibility to publish
standard guideline studies? 4) What role do the institutions that fund research
play? 5) How can SETAC contribute?

51
Questions

52

Evaluating reliability and relevance of ecotoxicity studies

C. Moermond, RIVM / Centre for Safety of Substances and Products

This presentation will address the following questions: What types of problems
can be anticipated when evaluating ecotoxicity studies for regulatory risk
assessment? What are the appropriate reliability and relevance evaluation criteria
for peer-review publications? Can the available evaluation methods be used for
regulatory risk assessment? e.g., Klimisch, CRED, EPA Soils (EcoSSLs), or other
guidelines for evaluating ecotoxicology data, and methods of other disciplines —
toxicology, evidence-based medicine, etc. It also will highlight frameworks that
can be used to better design studies so they can be used in the regulatory process
and what is needed for these studies to be evaluated for reliability and relevance to
risk assessment and risk management.

53

Weight of evidence evaluation

T. Hall, Bayer CropScience / Environmental Toxicology and Risk Assessment

In order for sound risk assessment and risk management decisions to be made, the
Weight of Evidence (WoE) procedures must be objective, systematic and
transparent. We reviewed the current quantitative and qualitative methods used by
regulatory agencies and those found in the general literature. The goal was to
develop a method that allow the weighing of the lines of evidence in a prospective
risk assessment that then demonstrate the reliability, relevance, adequacy and
consistency of the information. The general obstacles and difficulties when
performing WoE evaluations in regulatory risk assessment were discussed.
Through this evaluation a series of recommendations and approaches have been
developed that allow for all scientific evidence relevant to a hypothesis to be
considered and evaluates the strengths and value of the ecotoxicology data in the
risk assessment.
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Panel discussion

M. Agerstrand, Stockholm University / Environmental Science and Analytical
Chemistry

Moderated panel discussion focusing on questions that the panel members get in
advance. Panel members: Anu Kapanen (ECHA, Finland), Jose Tarazona (EFSA,
Italy), Jason Snape (AstraZeneca, UK) Discussion points: 1) Comments on the
results from the SETAC Pellston workshop. 2) What is needed from researchers to
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increase the use of peer-reviewed studies in regulatory risk assessments? 3) What
can regulatory agencies and industry do to ensure that all relevant and reliable data
is included in dossiers? 4) What are the barriers that exist, and potential solutions,
to making industry-sponsored studies more transparent? 5) Future needs? 6) How
can SETAC contribute?

55
Questions

Contaminants of Emerging Concern in the Environment and
their Management (Il)

56

Transformation products found in full-scale wastewater ozonation and
biological post-treatment

C. McArdell, Eawag / Department of Environmental Chemistry; M. Boehler,
Eawag / Department of Process Engineering; E. Borowska, M. Bourgin, Eawag /
Environmental Chemistry; J. Fleiner, Eawag / Process Engineering; J. Hollender,
Eawag / Environmental Chemistry; C. Kienle; R. Teichler, Eawag /
Environmental Chemistry; H. Siegrist, Eawag / Process Engineering; U. von
Gunten, Eawag / Water Resources

In Switzerland, a new water protection act was approved in spring 2014 which
asks for the upgrade of around 100 out of 700 wastewater treatment facilities with
advanced treatment to eliminate micropollutants within the next twenty years to
enhance surface water quality. The WWTP Neugut in Diibendorf is the first
facility in Switzerland where ozonation has been installed before sand filtration
for the abatement of micropollutants. As the contaminants are not fully
mineralized during ozonation, transformation products are produced. The
elucidation of these transformation products and their potential adverse effects for
the environment is of concern. In the scope of the study was: (i) determination of
reactivity of compounds with ozone and identification of ozonation products
(OPs) of selected compounds, (ii) investigation of the formation of OPs in the
ozonation at the full scale facility in the WWTP Neugut and of their fate in
different biological post-treatments, and (iii) investigations of different effects
with bioassays in the laboratory and directly on the WWTP in a flow-through
systems. In the study pharmaceuticals which occur in significant concentrations in
WWTP effluents were investigated in detail. Species-specific second-order rate
constants for the reactions of the molecular and dissociated forms of eight
compounds with ozone were determined. The investigated compounds were found
to represent a wide range of reactivity. For three compounds, different OPs were
proposed from measurements with high-resolution mass spectrometry, MS2
spectra analysis and expert knowledge on ozone reaction mechanisms. Several
OPs could be confirmed with available standards. N-oxides were quantified with
high yields as the primary OPs for tertiary amines. In the bacteria bioluminescence
assay performed on ozonated and non-ozonated samples of the three compounds
cetirizine, fexofenadine, and hydrochlorothiazide, the toxicity was slightly
increased during the ozonation of cetirizine, however, only at cetirizine
concentrations higher than what is found in wastewater treatment. The
assessments of the ozonation effluent of WWTP Neugut confirmed the results
from lab studies concerning reactivity with ozone and the formation of OPs.
Several OPs from the literature were also found after ozonation at this plant. The
evaluated OPs were mostly stable in the different biological post-treatments
investigated after ozonation.

57

BIOMONITORING AND SOURCE TRACKING OF DIOXINS IN THE
NETHERLANDS

A. Arkenbout, Toxicowatch Foundation

In the region of Harlingen, situated in the north of the Netherlands, people are
becoming very concerned about adverse health effects related to the possible
emission of dioxins and other POPs by a waste incinerator installed in 2011. A
monitoring programme using backyard chicken eggs, shows a serious pollution
with dioxins and dI-PCBs in the environment of Harlingen harbour. In order to
find the source of this pollution, the preliminary results of analysis of a long-term
sampling of the flue gas of the incinerator will be discussed in relation to the
congeners found in the backyard chicken eggs.

58

Fate, metabolism and transformation of wastewater-borne pharmaceuticals
and their transformation products in the aquatic environment and fish in
European rivers

S. Perez, IDAEA-CSIC / Environmental Chemistry; J. Acefia, M. Hannemann, J.
Pefia, IDAEA-CSIC; D. Barcelo, IQAB-CSIC / Dept Environmental Chemistry
The presence of pharmaceuticals residues in the aquatic environment has caused
concerns about potential adverse effects on exposed wildlife. Pharmaceuticals
prior to entering WWTPs have already been metabolized in humans which leads
to biotransformation products with different chemical structures and
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physico-chemical properties compared to their parent compounds. After their
excretion in conjunction with their human metabolites and their discharge into the
sewer, they enter in WWTPs where they can be further transformed by secondary
treatments and advanced treatments generating transformation products (TPs).
Several studies have been reported the occurrence of pharmaceuticals, their human
metabolites and their TPs in wastewater treatment plants (WWTPs), surface
waters and different fish tissues, but still very little is known about their fate in
fish. Fish have been shown to possess hepatic detoxification systems capable of
metabolizing xenobiotics taken up from polluted waters. In this context, we
propose to screen surface water samples and fish for a large number of TPs
formed in WWTPs and rivers. In order to have a broad perspective of the
transformation of pharmaceuticals detected in surface waters and their metabolism
in freshwater fish a suspect screening of pharmaceuticals, TPs and their predicted
metabolites was applied in all samples from around Europe. With this approach
several pharmaceuticals and TPs, more than 50 compounds, were detected in
surface waters. In fish more than 15 phase I metabolites were detected,
corresponding to different hydroxylation reactions, and phase II metabolites such
as glucuronide and taurine conjugates were tentatively identified. The suspect
analysis of muscle allowed the detection of more than ten different
pharmaceuticals. The analysis of fish bile has allowed for the detection of several
phase I and phase II metabolites and suggests that the occurrence of drug
metabolites in bile can be used as a surrogate for exposure of fish to
pharmaceuticals. Currently, the identification of several TPs and metabolites still
requires confirmation. In accordance with the literature, anti-inflammatories,
antibiotics and psycho-active drugs have been the most commonly detected drugs.
Thus this approach highlights that UPLC-HRMS is a powerful tool for
simultaneous quantitative and qualitative analysis, allowing the search for
suspected compounds, TPs and metabolites, their identification and the
quantitation of target compounds.
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Removal of contaminants of emerging concern (CECs) during primary,
secondary and tertiary wastewater treatment steps

Z. Baalbaki; T. Maere, P.A. Vanrolleghem, modelEAU - Université Laval /
Département de génie civil et de génie des eaux; V.V. Yargeau, McGill University
/ Chemical Enineering

Contaminants of emerging concern (CECs), including pharmaceuticals and
hormones, are secreted by humans and end up in wastewater treatments plants
(WWTPs) that are not designed to treat them, resulting in the occurrence of CECs
in water bodies.This study consists of both experimental and modelling work and
aims at understanding the removal of 19 target CECs, including hormones,
pharmaceuticals and some of their main metabolites, during primary, secondary
and tertiary treatment. The WWTP studied is the Guelph WWTP, ON, Canada
(120,000 PE). The treatment train consists of primary clarification, activated
sludge, rotating biological contactors and sand filtration. Sampling campaigns
were carried out on four consecutive days in the summer, where 24-hr composite
aqueous and sludge samples were collected. Aqueous and sludge samples were
extracted by solid phase extraction and accelerated solvent extraction,
respectively, and the extracted samples were analyzed by LC-HRMS.
Conductivity was measured throughout the plant and used as a tracer for the
calibration of the hydraulic model of the treatment plant that was built using the
wastewater simulation software WEST (MikeByDHI.com). The hydraulic model
was used to obtain load fractions, which were used along with experimental CECs
concentration data to obtain reliable removal levels of CECs. Results showed that
for some CECs, such as carbamazepine and codeine, the average mass loading in
the effluent was as high as 20 g/d. It was also found that the majority of CECs had
low removal rates in the primary clarifier stage and most of their removal took
place in the activated sludge unit, with removal rates >70% for some of the target
CECs. Concentrations of CECs in primary sludge ranged from 2 to 200 ng/g. The
removal of CEC:s in rotating biological contactors, for which limited data is
available in literature, and sand filtration was found to be < 30% for most of the
CECs, although a few of them were efficiently removed by sand filtration. The
experimental removal rates were used to calibrate a model that predicts the fate of
CECs during primary and secondary treatment. This model can be used as a
design and optimization tool in WWTPs.
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First Swiss wastewater treatment plant with full-scale ozonation -
Ecotoxicological assessment of ozonation and several post-treatments

C. Kienle; H. Besselink, Biodetection Systems BV; S. Fischer, Eawag, Swiss
Federal Institute of Aquatic Science and Technology / Environmental Toxicology;
S. Fliickiger, Xenometrix AG; B. Ganser, S. Gut, S. Hasler, Swiss Centre for
Applied Ecotoxicology Eawag-EPFL; M. Langer, Oekotoxzentrum Eawag-EPFL /
Aquatic Ecotoxicology; A. Schifferli, Swiss Centre for Applied Ecotoxicology
Eawag-EPFL; S. Santiago, Soluval Santiago; K. Schirmer, Eawag /
Environmental Toxicology; L. Schliiter-Vorberg, ECT Oekotoxikologie GmbH;
C. Thiemann, R. Triebskorn, University of Tuebingen / Animal Physiological
Ecology; B. van der Burg, Biodetection Systems BV; E. Vermeirssen,
Ocekotoxzentrum Eawag-EPFL / Aquatic Ecotoxicology; M. Weil, ECT
Ocekotoxikologie GmbH / Institute for Technology Assessment and System
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Analysis ITAS; I. Werner, Swiss Centre for Applied Ecotoxicology / Department
of Anatomy Physiology and Cell Biology

Emerging pollutants in wastewater, such as pharmaceuticals and personal care
products, can be eliminated by advanced wastewater treatment techniques. Thus
the discharge of these substances into freshwater ecosystems can be diminished
and drinking water resources can be protected. Previous studies have shown
ozonation to be a promising technique to eliminate micropollutants, even though it
can produce reactive and potentially toxic transformation products. To remove
these transformation products, which are often biologically degradable or bind to
particles, post-treatments like sand filtration or granulated activated carbon are
recommended by the Swiss Federal Office for the Environment (FOEN). The
wastewater treatment plant (WWTP) Neugut is the first in Switzerland to apply a
full-scale advanced treatment of wastewater with ozone followed by sand
filtration. In the present study, the efficiency of ozonation and a number of post
treatments to reduce ecotoxicological effects of biologically treated wastewater
were assessed using a set of bioassays. Post-treatment methods were: a full-scale
sand filtration, pilot-scale granulated activated carbon (GAC), and pilot-scale
fixed and turbulent fluidized beds. In vitro bioassays were applied in the
laboratory and in vivo bioassays with living organisms were performed in the
laboratory and on site The investigations revealed that the wastewater treatment
with ozone resulted in significantly reduced ecotoxicological effects, improved
growth and photosynthesis of green algae, decreased toxicity to luminescent
bacteria, and decreased estrogenicity, compared to effects measured in the waste
water from the secondary clarifier. The post-treatments partially lead to a further
decrease of the effects. Only the reproduction of water flea and oligochaetes was
not influenced by any of the treated wastewaters compared to unpolluted control
water, whereas fish partially showed developmental and histopathological effects
after ozonation, which could be reduced with suitable post-treatments. The applied
in vitro and in vivo bioassays showed that biological effects related to effluents
can significantly be reduced by ozonation followed by a suitable biological
post-treatment such as sand filtration or granulated activated carbon treatment.
The study was financed by the FOEN (ReTREAT project) and by the EU in frame
of FP7 (DEMEAU project no. 308339).
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Electrochemical oxidation of fluoroquinolone antibiotics: Mechanism,
residual antibacterial activity and ecotoxicity

L. Zhu, Forschungszentrum Juelich GmbH, ZEA-3 / ZEA; B. Santiago-Schiibel,
Forschungszentrum Jiilich GmbH; H. Xiao, Institute for Environmental Research
RWTH Aachen; H. Hollert, RWTH Aachen University / Department of
Ecosystem Analysis; S. Kiippers, Forschungszentrum Jiilich GmbH

Introduction Fluoroquinolone antibiotics have been detected in WWTPs
effluents, surface water and various environment matrixes. Continuous release of
FQs may induce antibiotic resistance and ecotoxicity to aquatic organisms and
humans. Increasing studies have focused on the removal of FQs by
Electrochemical advance oxidation processes (EAOPs). However, a
comprehensive understanding of oxidation mechanisms of FQs during EAOPs has
not been reported before. Furthermore, various intermediates and products of FQs
might form during EAOPs and release into the environment. Little attention has
been paid to evaluate the environmental effects of electrochemical oxidation
effluents which contain oxidation products with potential hazard. The objective of
this paper is to comprehensively study electrochemical oxidation mechanisms of
ciprofloxacin (CPF), norfloxacin (NOR) and ofloxacin (OFL) and evaluate
potential environmental risks of FQs and their oxidation products. Methods A
commercial flow-through EC cell was respectively connected to a QTRAP 2000
and a high-resolution ESI-FTICR-MS Ultra. Scaling up reactions were conducted
in a mg level EC cell. The disk diffusion test indicates antibacterial activity was
carried out according to Disk Diffusion Test Methodology by EUCAST with
slightly modification. The algal growth inhibition tests with Desmodesmus
subspicatus were following to OECD 201. The ECs, were calculated by software
ToxRat Professional XT. Results Eight oxidation products were respectively
elucidated for each parent compound. Oxidation pathways were proposed on basis
of product structraures and transformation trends. Oxidation and ring cleavage of
the piperazyl substitute represent the main oxidation mechanisms of FQs by
electrochemical oxidation while fluoroquinolone core remained unchanged. CPF,
NOR and OFL respectively formed larger inhibition zones than their oxidation
product mixtures at all exposure concentrations. The results reveal that the
oxidation products of CPF, NOR and OFL collectively exerted weaker activity
than their parent compounds after electrochemical oxidation. The ECs values of
CPs and NPs are almost the same as that of their parent compounds respectively
whereas the ECs, value of OPs are much lower than that of OFL after 72h
exposure. Our results indicate toxic intermediates were generated during
electrochemical oxidation which contributed to the combined toxicity of oxidation
mixtures to the green algae.

Flame Retardants: Alternatives, Environmental Fate and
Toxicity (1)
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Legacy and emerging Flame Retardants in the Global Ocean Atmosphere

B. Gonzalez-Gaya, Institute of Environmental Assessment and Water Research /
Environmental Chemistry; J. Roscales, Institute of Organic Chemistry of the
Spanish National Research Council IQOG-CSIC); J. Castro-Jimenez, Aix
Marseille University, CNRS/INSU, University of Toulon, IRD, Mediterranean
Institute of Oceanography (MIO); B. Jimenez, IQOG-CSIC / Instrumental
Analysis Environment; J. Dachs, IDAEA-CSIC / Environmental Chemistry

The use of flame retardants (FRs) is a common practice to avoid the flammability
of consumer goods like textiles, furniture, foams, electronics and building
materials. FRs exhibit environmental persistence and long range transport
potential, behaving like persistent organic pollutants (POPs). Due to their global
occurrence, bioaccumulation potential and toxicity some legacy FRs are regulated
(e.g. poly brominated diphenyl ethers (PBDEs)) and thus, alternative FRs have
been launched in the recent years to substitute the banned compounds (e.g.
dechlorane plus (DP) and organophosphate esters (OPEs)). This study includes the
occurrence of 15 PBDEs, syn- and anti-DP isomers and 2 dechlorinated forms of
anti-DP, and 14 OPEs analyzed and quantified in oceanic aerosol. Over 110 air
samples were taken during the Malaspina circumnavigation cruise between
2010-2011 which crossed the north and south basins of Atlantic and Pacific
oceans as well as the Indian Ocean, between 30°N and 40°S covering all the
tropical and subtropical oceanic gyres. Moreover, dry deposition fluxes were
calculated with a parametrization of the deposition velocities for each FR. This is
the first combined assessment of legacy and emerging BFRs, including PBDEs,
DPs and OPE:s in the oceanic atmosphere, showing the ubiquitous presence of
these pollutants even in remote oceanic regions, and the atmospheric load to the
open ocean through aerosol dry deposition.
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Emerging Flame Retardants in Air in the Canadian Great Lakes Basin

H. Hung, Environment Canada / Air Quality Processes Research Section; N.
Alexandrou, K. Brice, Environment Canada; C. Shunthirasingham, University of
Toronto Scarborough / Departments of Chemistry and Physical and
Environmental Sciences; H. Drythout-Clark, K. Su, R. Park, R. Noronha, C. Shin,
Environment Canada

Persistent organic pollutants (POPs) and other priority organic pollutants are being
measured in air in the Canadian Great Lakes Basin (GLB) at land-based stations
since 1990, in support of the Canada/US Great Lakes Water Quality Agreement
(GLWQA). Air samples were screened for new chemicals of concern, such as
emerging flame retardants (FRs), to assess the risks that these pollutants may pose
to wildlife and humans in the GLB. In this study, results from atmospheric
measurements of emerging brominated (BFRs) and chlorinated (CFRs) flame
retardants are reported in comparison with measurements of polybrominated
diphenyl ethers (PBDEs). Hexabromobenzene (HBB), allyl 2.4 ,6-tribromopheny!
ether (ATE), 1,3,5-tribromobenzene (TBBz), anti- and syn-dechlorane plus
(anti-DP and syn-DP) were dominant FRs found at two GLB sites, namely Point
Petre on Lake Ontario and Burnt Island on Lake Huron, with levels mostly lower
than PBDEs. Similar to the PBDEs, lighter FRs in air showed a strong sesaonality
with higher concentrations in the summer months. Higher FR air concentrations
were found at Point Petre, which is closer to urban developments, than at Burnt
Island. While air concentrations of PBDEs were declining in Great Lakes air
between 2005 and 2013, which may be related to control efforts, no consistent
changes in air concentrations were observed for most emerging FRs (2009-2013).
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Organophosphate Flame Retardants in ambient air of Bursa, Turkey

P.B. Kurt Karakus, Bursa Technical University / Environmental Engineering
Department; H.A. Alegria, University of South Florida; A. Birgul, Bursa
Technical University; H. Celik, Akdeniz University; E. Gungormus, T. Ugranli,
[zmir Institute of Technology

Flame retardants are chemicals that are added to many consumer products such as
plastics, electronics, textiles, and foams for furniture, automobile interiors and
many others. The most widely used flame retardants are polybrominated diphenyl
ethers (PBDESs), although others have been used, including
hexabromocyclododecane (HBCD), tetrabromobisphenol-A (TBBP-A),
organophosphate flame retardants (OPFRs), decadibromodiphenyl ethane
(DBDPE), 1, 2-bis (2 .4,6-tribromophenoxy)ethane (BTBPE) and others. Over the
recent past, PBDEs have undergone much scrutiny because of their persistence
and toxicity. Research interest has started to focus on the non-PBDE flame
retardants. Although organophosphate flame retardants (OPFRs) have been widely
used for decades, after some studies in the 1980s indicated that these chemicals
degrade quickly in the environment no more studies were carried out on them for
a long time. More recently, a few studies have indicated that they are persistent
and are subject to long-range transport. There is now increased interest in
understanding their environmental fate and transport. In Turkey, there are few
studies on PBDEs in the environment, in indoor air and dust however, to the best
knowledge of the authors there are not any studies on the organophosphate flame
retardants in ambient air in Turkey. Levels of flame retardants in indoor air and
dust were found to be at ng levels indicating that such chemicals are abundant in
Turkish environment. However, detailed surveys were not conducted to
investigate such chemicals in Turkey. This highlights the need to understand the
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levels, sources, and movement of flame retardants in the Turkish environment. In
this study, re report levels of certain OPFRs in ambient of Bursa, Turkey that was
obtained during the course of a 1-year passive sampling study.
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Monitoring levels of legacy and emerging flame retardants in indoor
environments: a multi-location study between Norway and the UK

K. Kademoglou, University of Reading / geography and Environmental Sciences;
F. Xu, University of Antwerp Toxicological Center / Toxicological Centre Dept of
Pharmaceutical Sciences; A. Covaci, University of Antwerp, Toxicological Center
/ Toxicological Center Dept of Pharmaceutical Sciences; L.S. Haug, Norwegian
Institute of Public Health; C.D. Collins, Reading University / Soil Research
Centre

Living in the post-PBDE era entails production, commercial use and gradual
replacement of fire-inhibiting compounds with newly manufactured chemicals
also known as “emerging” halogenated flame retardants, such as EH-TBB &
BEH-TEBP (Penta-BDE replacement), BTBPE (Octa-BDE replacement), DBDPE
(Deca-BDE replacement), Dechloranes (DPs) (Deca-BDE replacement) or
organophosphorus flame retardants (PFRs; TPHP, TCPP etc.). The main
objectives of the present study are: a) To assess the occurrence of legacy and
emerging alternative FRs across two European countries (the UK and Norway)
with respect to human exposure via dust ingestion. No data have been reported yet
on emerging PFRs, also known as novel PFRs (NPFRs), in dust from residential
or occupational microenvironments neither for the UK nor for Norway. In
addition, this is the first study reporting significant levels of NPFRs including
isodecyldiphenyl phosphate (iDPP) and trixylenyl phosphate (TXP) in indoor
microenvironments. b) To identify possible FR sources with respect to the
collection source and country of origin, taking into consideration source
variability and its impact on usage of emerging FRs in consumer products. Dust
samples (n=22) from vacuum cleaner bags (10 houses and 12 stores, offices,
libraries) in the UK were collected during August 2013 — December 2013. Dust
samples (n=10) were collected from vacuum cleaner bags (houses) in Norway
during November 2013 — April 2014 as a part of the A-TEAM cohort sampling
within the framework of the ‘Advanced Tools for Exposure Assessment and
Biomonitoring’ (A-TEAM) project, a Marie Curie Initial Training Network
aiming to establish tools for human exposure biomonitoring of emerging FRs. In
the present study, a broad range of legacy and emerging FRs were studied,
including PBDEs, novel BFRs, PFRs and novel PFRs. A commericial shift and
gradual replacement from the phased-out FRs to emerging FRs is evident. We are
the first to identify and report on NPFRs, such as iDPP and TXP in indoor dust
originating from residential and occupational environments, suggesting extensive
usage of NPFR-coated consumer products in the UK and Norway. This project is
financially supported by the European Commission FP7 Marie Curie Initial
Training Network “A-TEAM” grant number 316665.
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Biomagnification study of hexabromocyclododecane isomers in freshwater
fish and invertebrates

M. Lauzent, LPTC-EPOC, University of Bordeaux / UMR EPOC LPTC; P.
Labadie, CNRS; S. Augagneur, K. Le Menach, University of Bordeaux / UMR
EPOC LPTC; A. Ferrari, PROBIEN, CONICET -UNComahue; M.P. Babut, Irstea
/ Water; H. Budzinski, University of Bordeaux / UMR EPOC LPTC

Since 2011, hexabromocyclododecane (HBCD) is subject to authorization
(Regulation N° 143/2011 EU) and considered as persistent, bioaccumulative and
toxic (PBT); this compound is included in Annex A of the Stockholm Convention
since 2014, and became a priority substance for water in Europe since 2013
(Directive 2013/39 / EU). As for several other priority substances, the
Environmental Quality Standard (EQS) for HBCD is set for biota (i.e. fish),
meaning that compliance checking will have to refer to fish. HBCD is an additive
brominated flame retardant (BFRs), used especially in the building sector, thermal
insulation, textiles, electrical equipment. In this context, the aim of this work was
to determine trophic magnification factors (TMF) in various rivers and streams in
France, and to examine their spatial-temporal variability. HBCD isomers (o, f and
v) were analysed in fish and benthic invertebrate tissues. These samples were
collected from five study sites representing different river conditions (catchment
size and anthropogenic pressure). All the concentrations found in fish and
invertebrates were below the Environmental Quality Standard EQSpe (167 ng.g"
wet weight (ww)). a-HBCD displayed the highest trophic magnification factor and
significant differences were observed between sites. The determination of TMFs
by 3 different models (linear regression, censored regression and GLMM) has
shown the importance of the regression model used for TMF assessment. It is
therefore important to consider the different aspects of data treatment (e.g.
heterogeneity in the number of samples), all the while knowing that each model
has its limitations.
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Fishing of unknown halogenated environmental contaminants in
environmental sentinel based on isotopic pattern and mass defect through
untargeted high resolution mass spectrometry profiling

R. Cariou, Oniris-LABERCA / Oniris Laboratoire dEBtude des Résidus et
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Contaminants dans les Aliments; A. Léon, E. Omer, LUNAM Université / Oniris
Laboratoire dEtude des Résidus et Contaminants dans les Aliments; G.
Dervilly-Pinel, B. Le Bizec, Oniris-LABERCA / Oniris Laboratoire dEtude des
Résidus et Contaminants dans les Aliments

Bioaccumulation of Persistent Organic Pollutants (POPs) is predictably associated
with the compounds characterised by high lipid solubility thus an ability to
accumulate in the fatty tissues of living organisms for long periods of time. POPs
increase in concentration in the food chain and are typically halogenated organic
compounds. In the case of known substances, targeted approaches mainly based
on mass spectrometry (MS) are available to characterise human exposure
(environment, food) as well as body burden (human tissues and fluids). These
quantitative methods do not permit however to detect non yet described exposure
markers, i.e. degradation products of known substances or unknown/emerging
substances. Last generations of high resolution mass spectrometers (HRMS, e.g.
orbitrap or TOF) open the way to untargeted full scan footprints as a new
methodological approach for addressing this issue. Large datasets arise from such
HRMS couplings with chromatography from which the extraction of the useful
information stands as a central question, thus requiring the development of
fit-for-purpose intelligent data processing, analysis and visualisation tools,
supported by appropriate biocomputering solutions. In our work, we discuss the
proof of concept of a new methodology capable of seeking unknown
organohalogenated compounds in environmental sentinels. Our strategy relies on
an automated peak picking step based upon the centWave function (xcms
package, R environment), a VBA script developed for pairing features according
to the exact mass difference between Cl and Br isotopes to filtering potential
organohalogenated clusters among full scan HRMS datasets. H/Cl-scale mass
defect plots were used to visualize the datasets before and after filtering. The
filtering script was successfully applied to an LC-HRMS untargeted profiling
dataset generated from an eel sample muscle extract obtained after pressurised
liquid extraction and a non selective liquid-liquid partitioning between
concentrated sulphuric acid and hexane. From 9,789 initial features observed in
the eel muscle extract, 1,994 features were paired in 589 clusters containing at
least an M+2 contribution (indicating a Cl or a Br atom), allowing for realistic
manual investigations of filtered clusters. Hexabromocyclododecane, chlorinated
paraffin series and other candidates were fished and for some of them identified.

Microplastics in the environment: Sources, Fate and Effects

(1)
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What, when and where? Assessing temporal and spatial trends in
microlitter>10xm in coastal waters west of Sweden

T.M. Karlsson; M. Hassellov, University of Gothenburg / Department of Marine
Sciences; F. Norén, IVL Swedish Environmental Research Institute

Comparable datasets are a luxury within marine litter research, due to the novelty
of the field. These golden glimpses of information provide valuable insights in
trends of abundance and characteristics, to understand sources and pathways and
can also help us plan sampling and monitoring to achieve and increased accuracy
in future comparisons. On the Swedish west coasts measurements of
microlitterso,m have been carried out at 14 locations using comparable methods at
4 occasions during 3 years.In a recently initiated project these datasets are
evaluated to achieve a detailed overview of differences in composition and
abundance. Preserved samples of commonly found anthropogenic microscopic
litter such as blue, red and white particles and fibers are additionally being
analyzed using FTIR. Initial comparisons of the datasets show that a consistently
higher amount of particles were found on the smaller sized filters (10xm).
Interestingly the composition here also differed, with a often higher amount of
fibers and black particles on the smaller filters in relation to the classic polyolefin
and expanded polystyrene microplastics on the filters with a wider pore size
(300xm). The industrial harbor area by Galter6n separates from the others on
account of the relative high composition of synthetic fibers, red particles and black
particles in the range of 50-100 ym. FTIR analysis are being carried out to further
investigate these relationships, and to see how they might relate to activities in the
area. The city areas of Alvsborgsbron, Skalkorgarna and Danafjord show some
separation form the others, which is clearest in the results from 2013. The
strongest separation is for Alvsborgsbron which is also the sampling point closest
to the urban areas of Gothenburg which fits earlier observationswhere cities hav e
been identified as a source of microlitter. The compositional differences here
show a high amount of black particles with a probable origin in incineration
processes, it also shows a high composition of plastic particles and to some extent
also blue particles. The initial results of the ongoing analysis show higher amounts
but also clearer trends in composition for the >10 ym samples than for the
samples collected with a 300 gm net. It is therefore suggested that sampling and
monitoring of smaller size classes of microlitter are important to understand
temporal and spatial differences in microlitter abundance and composition.
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Neustonic microplastics in the Bay of Brest (Brittany, France): composition,
abundance and spatial distribution
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L. Frére, LEMAR UMR 6539 CNRS; I. Paul-Pont, C. Lambert, LEMAR UMR
6539 CNRS/UBO/IRD/Ifremer; E. Rinnert, Ifremer, Laboratoire Détection,
Capteurs et Mesures - Centre de Bretagne; J. Moreau, Ifremer, Laboratoire
Détection, Capteurs et Mesures - Centre Bretagne; P. Soudant, LEMAR UMR
6539 CNRS/UBO/IRD/Ifremer; A. Huvet, Ifremer, LEMAR UMR 6539
CNRS/UBO/IRD/Ifremer

Since a decade, microplastics represent an increasing concern for science and
society with many studies establishing their fate and their impact in aquatic
ecosystems. Many studies have been reported microplastic occurrence throughout
the world ocean and in different environmental matrix such as water, sediment and
biota. Some of these emergent contaminants can release toxic chemical
compounds added during their manufacturing or adsorb from the surrounding
seawater, both being possibly released in marine environment and biological
matrices. In this context, studies aiming to determine the extent and impact of this
pollution for marine ecosystems biodiversity and services are of great interest. In
the present study, the abundance, composition and spatial distribution of
microplastics were investigated in April 2014 from surfaces water of the Bay of
Brest (Brittany, France), which is divided in three zones (north, central and south)
characterized by different hydrodynamics and anthropogenic pressures.
Microplastics particles were of the following classification: 0.3-1 mm, 1-2 mm
and 2-5 mm. A combination of static image analysis of particles and automated
Raman micro-spectroscopy was used to obtain the counting, size, shape and
chemical composition of a large number of particles for each sample. 35 % of
visually sorted particles were not identified as plastic polymer, so morphological
criteria such as color, shape or texture are insufficient to assert that a particle is a
plastic polymer. Eight of the nine stations contained microplastics particles and a
mean concentration value of 0.269 particles / m® (i.e. 0.619 mg / m’) was
estimated. Only 65 % of particles collected at surface water were identified as
plastic suggesting that visual sorting is not enough. A majority of polyethylene
(76 %) was identified. The spatial distribution of microplastics in the Bay of Brest
seems to be different between the three zones: the central zone exhibited the
highest value (0.540 particles/m®), followed by the North zone (0.218
particles/m®), whereas only few microplastics were collected in the south part
(0.049 particles/m®). The south zone was mostly polluted by an important
concentration of fibers but analyses are currently ongoing to identify their
chemical composition and confirmed their plastic nature.
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Abundance of microplastics and adhered contaminants in the North Atlantic
Ocean

K. Syberg, C.M. Knudsen, Roskilde University / Department of Environmental
Social and Spatial Change; Z. Tairova, Aarhus Universitet, Nordre Ringgade 1,
8000 Aarhus C, Denmark; F. Khan, Roskilde University / ENSPAC; Y. Shashoua,
The National Museum of Denmark; T. Geertz, H.B. Pedersen, Plastic Change,
Henningsens alle 16,2900 Hellerup, Denmark; C. Sick, Plastic Change; T.B.
Knudsen, Roskilde University / Department of Environmental Social and Spatial
Change; J.H. Jgrgensen, NIRAS A/S, Sortemosevej 19,3450 Allergd, Denmark;
A. Palmqyvist, Roskilde University / Department of Environmental Social and
Spatial Change

Marine plastic contamination has increased steadily over the last decades, and
plastic debris account for more than 90% of the marine litter encountered by
marine wildlife. The majority of the plastic litter can be characterized as
microplastic (MP). Those plastic types that have a density below that of seawater
will float on the sea surface for a prolonged period of time, and will therefore be
transported with currents. This has led to a concentration of plastic debris in
oceanic gyres. One of the five major oceanic gyres is situated in the North Atlantic
Ocean and elevated concentrations of MPs have been reported in this area. Apart
from direct physical effects such as clogging of gills and entanglement, plastic
may also serve as a vector for other lipophilic contaminants, which can bind to
and be transported with the plastic. The importance of such vector effects are not
fully understood and are currently being discussed in the scientific literature. The
current study reports findings and analyses of microplastic samples along a
transect from the Caribbean Sea into the North Atlantic Gyre conducted in spring
2015. The aim was to: i) quantify abundance of MP ii), estimate relationships
between size and distribution of MPs, iii) determine concentrations of lipophilic
contaminants adhered to the MPs and iv) generate a GIS based map where data
are included, that subsequently can be expanded to include data from other
surveys and thus help inform decision makers about the marine plastic pollution.
The studies showed that MPs dominated by PE and PP are abundant in surface
waters of the North Atlantic Gyre and that smaller fractions were more dominant
then larger. The analyses further documented that PCBs and PAHs can bind to the
MPs at concentrations higher than those observed on biosamples. This illustrates
that MPs can be important as vector for other contaminants. GIS mapping is a
very useful communication tool that can be used to inform the public and policy
makers, and thus facilitate measures to prevent future pollution. The GIS map is a
useful tool for updating the data and displaying them for the scientific community
as well as the public and policy makers. It may therefore be an effective tool in the
work towards promoting mitigation measures.
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Microplastics in the Rhine-Main area in Germany: Occurrence, spatial
distribution and sorption of organic contaminants

S. Klein, Department of Chemistry and Biology; E. Worch, Technische
Universitaet Dresden / Institute of Water Chemistry; T.P. Knepper, Hochschule
Fresenius, University of Applied Sciences

Synthetic polymers are one of the most significant pollutants in the aquatic
environment. Serious effects are expected from so-called microplastics (particle
size The sediment was sampled from the river Rhine, the river Main and the
stream Schwarzbach. Sampling was done by a randomized sampling approach.
Small sediments samples along the shoreline of the rivers were taken and
combined to batch samples for each sampling site. Using a modified density
separation with subsequent sample clean-up and Fourier transform infrared
spectroscopy or microscopy (FTIR), microplastics were separated from river shore
sediments, resulting in large amounts of microplastic particles of up to 1 gkg™ or
up to 4000 plastic particles kg'. The identification by FTIR showed that
polyethylene, polypropylene and polystyrene were the most abundant polymer
types in the sediments, covering over 75% of all plastics identified. Furthermore, a
possible transport of microplastics from tributaries to main streams was indicated
by the detection of identical pellets at sampling sites in the River Rhine and in the
Main mouth. Microplastic concentrations did not correlate with the population
density of the sampling area. One sampling site was monitored over two years in
intervals of five to nine months. Comparable concentrations were detected in the
sediment and suggest a constant pollution of the river shore sediments with
microplastics. Additionally, large microplastics (>500 ym) were extracted using
ultrasonic-assisted extraction or extraction by dissolution and subsequent size
exclusion chromatography. The extracts were analyzed by GC/MS and
LC-MS/MS using target screening methods and non-target approaches. Different
pesticides or polycyclic aromatic hydrocarbons were identified in the polymer
particles, suggesting that microplastics can act as a sink for hydrophobic
contaminants. Moreover, several plastic additives such as phthalates or chlorinated
flame retardants were identified. For this reason, it is very likely that microplastics
act as a direct source for these chemicals in aquatic systems. The results of this
study stress the urgency for the mitigation of the plastic particles in the aquatic
environment.
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Microplastics in inland waterways and coastal waters - origin, fate, and
impact

N. Brennholt, Federal Institute of Hydrology / Biochemistry Ecotoxicology; C.
Scherer, Goethe University Frankfurt am Main / Aquatic Ecotoxicology; M.
Wagner, Goethe University Frankfurt / Aquatic Ecotoxicology; F. Schmitt, J.
Girardi, C. Kochleus, Federal Institute of Hydrology; A. Weber, Goethe
University Frankfurt am Main / Aquatic Ecotoxicology; S. Hatzky, Federal
Institute of Hydrology; G. Reifferscheid, Federal Institute of Hydrology /
Department Biochemistry and Ecotoxicology

The accumulation of plastic debris in aquatic environments is one of the major but
least studied human pressures on aquatic ecosystems. Under environmental
conditions, larger plastic items degrade into smaller particles, so-called
microplastics (MP) (< 5 mm in diameter). MP resulting from degradation
processes are classified as secondary MP, while primary MP are produced as such
for industrial purposes. MP particles represent freshwater contaminants of
emerging concern. However, to assess the environmental risks associated with MP
particles in freshwater ecosystems, comprehensive data on their abundance, fate,
sources, and biological effects are needed. Therefore the research project
“Microplastics in inland waterways and coastal waters — origin, fate, impact” by
the Federal Institute of Hydrology (BfG) aims at establishing scientific principles
for assessment, monitoring and regulation of MP in freshwater aquatic
environments (water and sediment). Within this project the following tasks will be
addressed: (1) occurrence (quality and quantity) of MP in inland waterways, (2)
characterization of quantitative and qualitative input in waterways and coastal
waters (mass balance study), (3) bioaccumulation potential of MP, (4)
investigation of biological effects of MP on aquatic organisms, and (5) risk
assessment for aquatic organisms and aquatic environments. On this account the
research project consists of 5 work packages: (I) sample preparation and
qualitative description, (IT) development and validation of quantification methods,
(II) biological effects, (IV) modeling and monitoring, and (V) leaching, impact,
and risk assessment; of these the first results will be presented here.
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Microplastics in various compartments of the urban water cycle

R. Dris, ParisEst University; j. gasperi, LEESU / LEESU laboratoire eaux
environnement et systémes urbains; V. Rocher, SIAAP; B. Tassin, Leesu - Enpc /
LEESU laboratoire eaux environnement et systémes urbains

If the occurrence of microplastics, particles smaller than 5 mm, in both marine and
continental environments have been studied, their inputs are still very poorly
identified and only few works focused on their sources. This work aims at
assessing the microplastic contamination in different compartments of the urban
water cycle. Greywater and wastewater were first studied. Washing machine
effluents have been collected in the houses of four volunteers. Three consecutive
washes were considered, the first one with an empty washing machine, the second
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one with the washing product only, and the last one as a regular wash.
Microplastics in WWTP influents and effluents were also analyzed during 3
campaigns. Conventionnal 24-hour averaged samples were collected. Atmospheric
fallout and rainwater were collected in two different sites, one urban (1 year) and
one sub-urban (a half year), through a collection funnel. Stormwater samples were
collected at the outlet of a small sub-urban catchment during six rain events. The
two first samples of washing machine effluents (empty machine and without
clothes) contained between 120 and 150 particles/L. When clothes are washed,
concentrations between 8850 and 18700 particles/L were encountered, confirming
the large contribution of the clothes. High levels of fibrous plastics are found in
WWTP influents (260 — 320 particles/L) while the concentrations in the effluents
are in the 14 — 50 particles/L range. A microplastic removal rate between 83 and
95% have been estimated. Throughout the year of monitoring (urban site), an
average atmospheric fallout of 110 + 96 particles/m*/day (mean + SD) was
encountered. On the suburban site, a 6-month monitoring shows an atmospheric
fallout around 53 + 38 particles/m*day. Through all the monitoring period, a
significant difference between the atmospheric fallout on the urban and the
sub-urban site was found. By considering the rainwater volume collected on the
atmospheric fallout funnel, a median concentration of 40 particles/L can be
estimated. In runoff, the first results indicated that the microplastic concentrations
lies in the same order of magnitude, i.e. between 39 and 60 particles/L range. To
date, further work is required to evaluate the contribution of total atmospheric
fallout to stormwater pollution.

Fate, Effects and Risk Assessment of Chemicals in Aquatic
and Terrestrial plants (1l)
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Ecosystem services approach to pesticide risk assessment and management of
non-target terrestrial plants: recommendations from 2 SETAC Europe
workshops

G. Arts, Alterra Wageningen University and Research Centre / Environmental
Risk Assessment; L. Maltby, The University of Sheffield / Dpt of Animal Plant
Sciences; M. Dollinger, Bayer CropScience AG / Environmental Safety
Ecotoxicology; E. Kohlschmid, Agroscope / Institute for Plant Production
Sciences IPS; C. Mayer, BASF SE / Ecotoxicology; G. Meregalli, Dow
AgroSciences Italia srl / Environmental Regulatory Sciences Ecotoxicology; H.
Ochoa-Acuna, DuPont Crop Protection / Environmental Safety and
Ecotoxicology; V. Poulsen, ANSES / French Agency for Food Environmental and
Occupational Health and Safety; F. Streissl, EFSA / Pesticides Unit

The registration of Plant Protection Products (PPPs) in the EU falls under
Regulation 1107/2009, which recommends a tiered approach to assessing the risk
to non-target terrestrial plants (NTTPs). However, little information is provided on
how to perform and implement higher tier studies or how to use them to refine the
risk assessments. Therefore, two workshops (April 2014, Sept 2015) were
organized with the aim of: developing a framework for a higher-tier approach to
assessing the risk of PPPs to NTTPs; providing expert opinion and advice as input
for the ongoing revision of the terrestrial ecotoxicology guidance document and
NTTP risk assessment procedures. The recommendations agreed to by the first
workshop relate to the three main themes, i.e. specific protection goals, risk
assessment and mitigation. The participants of the workshop adopted the
European Food Safety Authority (EFSA) approach of using an ecosystem services
framework for identifying specific protection goals. First, delivery and protection
of ecosystem services were discussed for in-crop, in-field and off-crop, and
off-field areas. Second, lower and higher tier risk assessment methods, including
modelling approaches, were evaluated and the benefits from these options were
addressed. Third, options for risk mitigation of spray drift and run-off were
discussed and evaluated. A number of concerns were raised during the workshop
and literature reviews were performed and data collected in order to reduce
uncertainty. These actions focussed on the protectiveness of standard test species
for wild species; the protectiveness of regulatory endpoints for reproductive
endpoints; the methods and endpoints for multispecies or field-studies; and the
importance of different exposure routes for non-target terrestrial plants. The
second workshop built upon the results of these literature reviews, the
recommendations of the first workshop and the EFSA opinion on risk assessment
of PPPs for NTTPs. The main charge questions identified for the second
workshop were: how to address reproductive endpoints; how to mitigate risks;
how to conduct higher tier tests. A higher-tier framework for NTTP risk
assessment was proposed. Recommendations from both workshops will be
presented.
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Sensitivity of NTTPs to plant protection products - vegetative and
reproductive endpoints: Literature review and analysis for SETAC AG
Plants

H. Christl, Tier3 Solutions GmbH; M. Dollinger, Bayer CropScience AG /
Environmental Safety Ecotoxicology; C. Mayer, BASF SE / Ecotoxicology; G.
Weyman, ADAMA Agricultural Solutions Ltd.; J.P. Wright, Monsanto Company
/ Ecotox and Env Risk Assmt; S. Loutseti, DuPont De Nemour Hellas S.A.; G.
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Meregalli, Dow AgroSciences Italia srl / Environmental Regulatory Sciences
Ecotoxicology

A literature review was performed comparing vegetative and reproductive
endpoints for non-target terrestrial plants (NTTPs) aiming to test the hypothesis
that reproductive endpoints are more sensitive than the standard vegetative
endpoints currently used to inform the pesticide risk assessment. In addition the
EFSA Scientific Opinion [1] was considered, in which, among others, also
reproductive endpoints were discussed to be more sensitive than the currently
assessed vegetative endpoints. The dataset listed in [1] was assessed in parallel to
the full data set (that also included confidential industry data). In addition current
proposals to move from ER50 to ER10 endpoints were investigated. Although
cases are reported of reproductive endpoints considerably lower than vegetative
endpoints, based on the data assessed here the difference between the two was
found to be minor, on average just a factor of ca. 1.5. Even if both endpoints
(vegetative and reproductive) were always determined and the lowest of the two
was used in the RA, the average gain in protectiveness would just be a factor of
ca. 2 (based on the EFSA dataset). In contrast, the difference between ER50 and
ER10 was greater than a factor of 6. A change of the effect level used in the RA
(ER50 to ER10) would thus increase the conservatism of the tierl RA for NTTPs
considerably. The ecological relevance of a 10% reduction at the population and
landscape level, advantages and disadvantages of the proposed change in effect
level, a potential alternative by using the ER25 (or ER50 with an additional
assessment factor), and if there is a need for an increase in conservatism of the
tierl risk assessment will be discussed.
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What information can we gain by including trait-based endpoints for plants
in ecotoxicological tests? Case studies with Myriophyllum spicatum, the new
OECD test organism for rooted aquatic plants

E.M. Gross, University of Lorraine / Laboratoire Interdisciplinaire des
Ecosystemes Continentaux; A. Nuttens, Universite de Lorraine / Laboratoire
Interdisciplinaire des Environnements Continentaux LIEC UMR CNRS; F.
Tabane, Universite de Lorraine; A. Hussner, Heinrich-Heine University
Diisseldorf

In plant ecology, the trait concept provides functional markers for plant functions.
Plant functional traits (morphological, physiological, phenological) reflect
ecological strategies and determine how plants respond to environmental factors.
Trait variability can reflect adaptations or acclimations at the intraspecific level.
We hypothesize that morphological and physiological traits change in the
presence of certain pollutants. Leaf, stem and root mass fractions (LMF, SMF,
RMF), dry matter content (DMC) and stoichiometry, the content in carbon,
nitrogen and phosphorus and resulting C:N:P molar ratios in plant tissue are traits
that can provide information about effects at the individual level or allow
extrapolations on ecological interactions and ecosystem processes. We tested our
hypotheses exposing sediment-grown Myriophyllum spicatum, the new OECD test
species to arsenic or mixed herbicide. Experiment 1 had a cross-factorial design
with two CO»-levels (low and high, LC and HC) and four arsenate levels.
Experiment 2 exposed plants to isoproturon (IPU) or mesosulfuron-methyl
(MSM) alone or in varying combinations. After two weeks, we measured final
plant length, fresh and dry weight and dissected a part of the shoots into leaves,
stems and roots, and determined C, N, and P contents. In experiment 1, arsenate
and/or CO, availability affected morphological and physiological plant traits.
SMF increased in arsenic-exposed plants, and was higher in the HC treatments.
RMEF declined to one third at high arsenic levels. LMF was affected both by CO,
availability and arsenic levels. Arsenic level affected the DMC of leaves, stems
and roots, but only roots exhibited a lower RDMC under LC treatments. Arsenic
affected the N and P content and resulting C:N and C:P ratios in the whole plant,
while CO, availability affected C content and CP and NP ratios. In contrast, we
observed very little effects on C, N and P content in leaves. In experiment 2, IPU
alone had no effect on LMF, but with increasing proportion of MSM, the LMF
declined strongly. At the same time, SMF increased strongly with increasing
MSM. With increasing MSM, the LDMC increased strongly compared to solvent
controls or IPU. We conclude that incorporating different plant traits as endpoints
with M. spicatum can provide valuable information useful to predict ecological
effects of pollutants. Our experiments have shown that such changes in plant traits
are frequent.
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Demonstration of Reciprocity of Effects of four Sulfonyureas on
Myriphyllum spicatum

H. Ochoa-Acuna, DuPont Crop Protection / Environmental Safety and
Ecotoxicology; A. Kirkwood, Smithers Viscient / Ecotoxicology; T. Scown,
DuPont Crop Protection; J.R. Hoberg, Smithers Viscient / Ecotoxicology; C.R.
Picard, Smithers Viscient / Sediment and Plant Ecotoxicology

The dependence of toxicity on not only the dose, but also time was first described
by Haber. Haber’s law states that the incidence and/or severity of a toxic effect
depends on the toxic load i.e., the exposure concentration times the duration of
exposure. For toxicants that block an enzyme’s activity, the effect will depend on
the number of bound molecules per unit time. Sulfonylureas have been known to
follow this pattern of action. These herbicides act by inhibiting the ALS enzyme
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responsible for producing branched amino acids. Given that growth is a time-rated
process, large growth inhibitions exerted during short periods are comparable to
lower inhibition over more prolonged periods. In this series of studies, we
demonstrated that the inhibitory action of four sulfonyureas on the aquatic
macrophyte Myriophyllum spicatum follows Haber’s law. Two distinct exposure
regimes (1- and 3-days), but at reciprocal exposure levels were run, meaning that
exposures expressed on a TWA basis were the same. During each variable
duration test, three termination intervals were conducted, at 3,7 and 14 days. At
each interval, a set of replicates was terminated and biological data collected. The
response of Myriophyllum spicatum to these sulfonylureas clearly follows Haber’s
law, in that the effects resulting from different exposure levels, but of reciprocal
duration, were not statistically different. Either 1- or 3-day exposures of
Myriophyllum spicatum to the four SUs resulted in similar growth rate values for
shoot length, and wet and dry shoot weights measured at either 3, 7, and 14 days
after the beginning of exposures. There is previous data on metsulfuron methyl
showing that ECs, values Lemna minor exposed for 42-d of continuous exposure
were not similar to those calculated for 4- and 2-d, but reciprocal (TWA)
exposures. Also, a study with metsulfuron methyl on Myriophyllum spicatum
showed the same result when comparing the same 21-d TWA, but with different
peak exposure concentrations and exposure periods (1, 3,7, 14 or 21d). The data
presented here further validate the conclusion by EFSA in relation to the validity
of a TWA for methsulfuron methyl and also agrees with data collected for the
better-studied Lemna spp. These results allow to recommend that the reciprocity
assumption, and therefore allowance for the use of a 7-day TWA concentration,
should be considered as a standard refinement for the risk evaluation of
sulfonyurea herbicides.
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Effects of pulsed mixtures and recovery in Lemna minor based on POCIS
field measurements.

S. Marley, CRP Henri Tudor / Environmental Research and Innovation ERIN; R.
Carafa, LIST / ERIN; H. Cauchie, Luxembourg Institute of Science and
Technology LIST / Environmental Research and Innovation ERIN; R.
Altenburger, UFC Centre for Environmental Research / Bioanalytical
Ecotoxicology

Pesticide contamination, in particular herbicidal loading, has been shown to
negatively affect Luxembourgish river quality. Such pressure can have direct
impacts on autotrophic species, and wider indirect impacts on the freshwater
community through the degradation of primary production. The EC report on the
toxicity and assessment of chemical mixtures indicated a method to determine the
best approach for the evaluation of pesticide mixtures in the environment.
However it is difficult to incorporate the variety and combination of compounds
sold, used, and detected in surface waters into bioassays. Literature regarding
pesticide mixture toxicity shows the validity of the ‘concentration addition’ (CA)
concept for mixtures of compounds with similar modes of action, and the
‘independent action’ (IA) concept for mixtures of dissimilarly acting compounds.
However a mismatch exists between real field exposure patterns and typical
laboratory tests. This study attempts to bridge this gap by directly using spiked
mixtures of pertinent compounds based on whole field extracts. Mixtures were
applied in pulsed scenarios determined from passive sampling campaign results, in
order to determine the toxicity of these real environmental mixtures to a
representative autotroph. High risk compounds were selected based on sales, use,
and historical detection data, in combination with toxicity values and compound
characteristics. Herbicidal loading was determined using passive samplers
(POCIS) over eight months, spanning two years and twelve representative streams
in Luxembourg. LCMS analysis of these samples indicated the time-weighted
average herbicide load over the exposure period. Seven day bioassays using the
floating macrophyte Lemna minor were then performed to determine the toxicity
of six high risk compounds and spiked artificial mixture based on whole field
extracts. Bioassays were performed in pulsed scenarios mimicking exposures
determined from POCIS results. Early results indicate metazachlor to be the most
toxic of the selected compounds (ECsy 0.0106 mgL™"). Further tests will clarify the
toxicity of these compounds in mixtures and pulsed scenarios to the floating
macrophyte Lemna minor. Presented here are the results from: (i) L. minor
bioassays using both whole spiked mixture, and pulsed mixture scenarios (ii) use
of CA and IA concepts to fit L. minor pulsed and spiked mixturebioassay results.
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Pesticide mixture toxicity to algae in agricultural streams - field and
laboratory studies

W. Goedkoop, Swedish University of Agri Sciences / Department of Aquatic
Sciences and Assessment; J. Rydh Stenstrom, Swedish University of Agricultural
Sciences / Department of Aquatic Sciences and Assessment; J. Kreuger, Swedish
University of Agricultural Science / Centre for Chemical Pesticides
Contamination of surface waters with multiple chemical pesticides is well
documented, but little is known about their concerted effects on aquatic
communities. We collected water samples from four streams in small agricultural
catchments in southern Sweden during a whole year. In addition to pesticide
analyses, we used these water samples to run algal growth inhibition bioassays
with Pseudokirchneriella subcapitata. In addition, we identified worst-case
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samples observed in long-term monitoring of pesticide water concentrations (> 80
pesticides) and used these to run tests with reconstituted pesticide mixtures in
algal growth medium to specifically test their combined effects on algal growth.
Both for bioassays with in situ water samples and mixture toxicity tests we used
controls that consisted of standard growth medium. In situ water samples were
spiked with nutrients to rule out confounding effects of nutrients. Long-term
monitoring data showed more than 10 pesticides in 63% or more of the 902
collected water samples, with 90-percentiles ranging 21-29. The average number
of pesticides in a single sample ranged 9-18, while the maximum was 41. These
results stress the complexity of exposure by pesticides in agricultural streams.
However, despite the multitude of pesticides in a sample, toxicity was frequently
set by one or a few dominating compounds that contribute to more than 90% of
the mixture’s toxicity. ) TU g for long-term monitoring data exceeded 0.1 on 28
occasions, 70% of which occurred between May and July, i.e. the period when
spraying is most intensive. Bioassays with in situ water samples showed a
significant inhibition of algal growth in 49% of the 61 samples that were run
during a whole year. On four occasions algae grew better in in situ water than in
controls. There was no relationship between growth inhibition and estimates of
pesticide toxicity (i.e. PTI and £TU,.), suggesting that also chemical stressors
other than pesticides could have contributed to the observed inhibitions. Tests
with reconstituted medium showed that significant inhibition of algal growth
occurred in the range of 1-10x the ) TU e Observed in monitoring data. For all
mixtures but two, calculated ECso-values were between 3 and almost 10-fold
higher than literature values for the dominant pesticide. The calculated
ECso-values for most of the mixtures were 2—17 times higher than those estimated
by the model of concentration addition.

Metals in the Environment: Fate, Speciation and
Bioavailability in Water, Soil and Sediment (Il)
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Investigating fractionation and speciation of metal(loid)s in sediment pore
water samples

A. Fabricius, Federal Institute of Hydrology / G aquatic chemistry; L. Duester, D.
Ecker, T. Ternes, German Federal Institute of Hydrology BfG

In aquatic environments the fate and behaviour of inorganic and organic
substances is often driven by biogeochemical gradients at the sediment water
interface (SWI), like gradients of e.g., the oxygen concentration, the redox
potential or the pH value. Important transport processes at the SWI are
sedimentation and resuspension of particulate matter and diffusional fluxes of
dissolved materials. Beside this, the speciation of elements at the SWI is important
to asses relevant reactions as well as potential effects. To investigate the factors
and processes that govern the distribution and fluxes of nutrients, metals and
metalloids (metal(loid)s) at the SWI, the analytes of interest in the sediment pore
water have to be studied in parallel to different sediment parameters. Several
methods for an active (e.g., suction, squeezing or centrifugation), or a passive
(e.g., dialysis or DGE/DET) pore water sampling are available. These often
require the installation of the sampling devices at the sampling site and/or
intensive preparation procedures (e.g., slicing and centrifugation or re-elution
from/digestion of the accumulation gels), probably impacting the environmental
conditions at the area studied and/or the characteristics of the samples taken. The
authors developed suction based, direct and low invasive sampling methodologies
that enable to study element distributions in sediment pore water at the SWI at
different spatial resolutions (sub-mm to cm) and depths (2 cm — 20 cm within the
sediment). By combination of this micro or meso sampling system with a
mircroprofiling system (Missy/Messy) and different sample preparation
procedures, it was possible to address the fractionation (size dependent and
micelle mediated) as well as the speciation of metal(loid)s in parallel to different
sediment parameters (O,, redox and pH) along sediment depth profiles. The
profiling experiments were complemented by slurry reactor experiments enabling
to simulate specific conditions by controlling the redox potential. The vision of
the experimental approaches is to address a variety of parameters in parallel and,
thereby, to help to deliver a more holistic understanding of natural and
anthropogenic caused processes that govern the fate of substances at the SWI.
Within the presentation, the results of different Missy and Messy experiments will
be given. The different approaches will be discussed, especially with regard to
their potentials and limitations and in comparison to other methods.
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Chromium speciation and release from mining waste in Barro Alto and
Crominia, Goias state, Brazil

S.V. Bolanos Benitez, Institut de Physique du Globe de Paris, Sorbonne Paris
Cité, Univ. Paris Diderot; Y. Sivry, IPGP - VAT FR79197534282; J. Garnier,
UnB, IG/GMP-ICC Centro, Campus Universitario Darcy Ribeiro; C. Quantin,
UMR 8148 GEOPS, Université Paris Sud - CNRS; M. Tharaud, Institut de
Physique du Globe de Paris, Sorbonne Paris Cité, Univ. Paris Diderot; P. Lens,
UNESCO-IHE Institute for Water Education; E. Hullebusch, Université Paris-Est,
Laboratoire Géomatériaux et Environnement

Chromium is abundant and naturally present in ultramafic rocks and serpentine
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soils. However, anthropogenic activities such as mining, leather tanning, chrome
plating and metallurgical industries release an important amount of chromium into
the environment. In spite of existing in chemical forms displaying oxidation
number from O to VI, only hexavalent (Cr(VI)) and trivalent chromium (Cr(III))
are stable enough to occur in the environment. Despite Cr(III) is not toxic and
more stable under natural conditions, Cr(VI) is known to be highly soluble in
water, bioavailable and toxic. In plants the toxicity of Cr(VI) results in the
suppression of seed germination, chlorosis of its leaves and oxidative stress
(Choppala et al., 2013). In human and animals, the dermal contact is the most
important exposure pathway, and as a result Cr(VI) easily crosses physiological
barriers, enters into the blood stream, and destroys the red corpuscles (Jacobs and
Testa, 2005). In order to determine the potential release of Chromium from
mining activities and its impact on the environment, chemical extraction, chemical
leaching under controlled physico-chemical conditions and isotopic exchange
techniques associated with mineralogical studies has been applied in solid samples
(soils, ores and sediments) collected in two areas located in Goids State (Brazil).
The first site is Barro Alto, Ni mining and metallurgic area, and the second is the
Crominia, old chromite exploitation area. The chemical exchangeable Cr(IIT) and
Cr(VI) were extracted with KCI 1M and KH,PO, 0,1 M respectively. Controlled
leaching experiments were carried out with a NaNO; 10 M and NaN; 0.02%
leaching solution (S/L ratio of 20:1), controlling Eh and monitoring other
parameters (pH, DO, Fe, Anions, etc). In addition, isotopic exchange was
performed with *°Cr (4.35% of abundance). The samples obtained from the
chemical extraction and the isotopic exchange were all analyzed with HR-ICP-MS
(ThermoScientific Element-1I). Additionally, X-ray diffraction (XRD) analyses
were performed on soils powder and shown that the mineralogy of the ores and
soils was dominated by iron oxides. X-ray fluorescence (XRF) and acid digestion
with Inductively coupled plasma atomic emission spectroscopy (ICP-AES)
analysis were used to assess the total element concentrations of the solid samples.
The results of the chemical extraction and ionic chromatography indicates that
exchangeable Cr is mainly under hexavalent form.
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Do climate conditions affect metal bioaccumulation in earthworms?

M. Gonzdlez-Alcaraz, Faculty of Earth and Life Sciences, VU University /
Ecological Science; K. van Gestel, VU University Amsterdam / Ecological
Science

The present study aimed to assess the effects of changing climate conditions
(temperature and soil moisture content) on the bioaccumulation of Zn and Cd in
the earthworm Eisenia andrei in soils polluted by metal mining wastes. Bioassays
were performed in different metal-polluted soils (mine tailing and watercourse)
and under different combinations of temperature (20 and 25 °C) and soil moisture
content (50 and 30% of the soil water holding capacity - WHC). Adult
earthworms were individually exposed to the study soils for 21 days and analysed
for internal Zn and Cd concentrations at different times. Before and after 21 days
of exposure soils were analysed for pH and metal concentrations in porewater.
The mine tailing soil did not show changes in metal availability (Zn-1, Cd-1). In
the watercourse soil, porewater concentrations of Zn and Cd significantly
decreased after 21 days exposure to the different climate conditions tested (Zn:
from ~3761 to ~1613-2170 ug L'; Cd: from ~63 to 32-41 ug L"), especially at 20
°C and 50% of the soil WHC (standard conditions). In the latter soil, metal
availability decrease was accompained by a significant pH increase at 20 °C and
50% of the soil WHC. Both study soils showed a similar Zn bioaccumulation
pattern in earthworms, without differences among climate conditions. Earthworms
reached the highest internal Zn concentration after 1 day of exposure (~450-1500
ug g d.w.) then remaining constant until the end (typical pattern of essential
elements). The Cd bioaccumulation pattern changed when changing the climate
conditions. At 20 °C and 50% of the soil WHC the internal Cd concentration
continuously increased from ~4 to ~13-19 ug g™ d.w. (typical pattern of
non-essential elements). But when increasing temperature and/or decreasing soil
moisture content the pattern changed towards a pattern typical of essential
elements due to increased Cd elimination rates (mine tailing: from ~0.11 to
0.24-127 d''; watercourse: from ~0.07 to 0.11-0.35 d™') and faster achievement of
a steady state. This study shows that soil incubation for 21 days under controlled
conditions decreased Zn and Cd availability in metal-polluted soils, with higher
decreases at 20 °C and 50% of the soil WHC. Changing climate conditions
modified the bioaccumulation pattern of Cd in E. andrei exposed to
metal-polluted soils, with faster achievement of the steady state due to higher
elimination rates.
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Keeping memory of past mining activities: assessment of trace metal
bioavailability and ecological risk using active biomonitoring.

A. Mariet, UMR 6249 Chrono-environnement; B. Pauget, University of
Franche-Comte, UMR UFC/CNRS 6249; A. de Vaufleury, University of
Franche-Comte / Department of ChronoEnvironment; C. Bégeot, A.
Walter-Simonnet, University of Bourgogne Franche-Comté, UMR UFC/CNRS
6249; F. Gimbert, University of Franche-Comte / UMR ChronoEnvironnement
Mining activities are the first substantial source of trace metals (TM)
contamination of the whole environment. However, past mining activities are
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often forgotten or minimized due to the disappearance of visual marks while
mining wastes are known to be highly concentrated in TM. Bioavailability of TM
and risk assessment linked to past mining and smelting activities are developed in
a past mining district in the Vosges Mountains (France) to reconstruct their
environmental impact in a forested valley. A bioindication campaign using the
land snail Cantareus aspersus as bioindicator of TM bioavailability was
conducted for six weeks along a gradient of soil TM concentration with eight
stations comprising two archaeological mining stations, a communal garden, four
forested stations and a control station. Three microcosms were placed in each
station with fifteen snails per microcosm. Each week, two snails were randomly
sampled for digestive gland TM analyses. Bioavailability of TM is evaluated by
the uptake rate of TM. Bioavailability of TM is high in the eight stations
compared to recent industrial sites, highlighting the importance of knowledge of
localization of past mining and smelting sites. Moreover, the two archaeological
mining sites present the highest bioavailability of TM to snails with, for example,
68.40 pgpy.ga, ' dry weight.d” and 0.027 pgca.gae 'dry weight.d'. A high
bioavailability of TM is observed in the communal garden. These results conduct
to assess the risk of this past contamination by using two indicators, i.e. SET and
ERITME index which allow assessing the excess of transfer and the toxicological
risk linked to TM. Excess of transfer and toxicological risks linked to
archaeological mining sites are the highest ever measured with these index. Those
calculated for the communal garden are similar to those on recent industrial sites.
In conclusion, this study highlights that time elapse since the deposit of
contaminated particles from mining and smelting activities is not sufficient
enough to strongly catch TM in soils without transfer to trophic chain.
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Water quality assessment of a catchment affected by historical lead mining
M. Valencia, R. Slack, University of Leeds / School of Geography; A. Stockdale,
University of Leeds / Graduate School of Earth and Environmental Sciences; R.
Mortimer, Nottingham Trent University / School of AnimalRural and
Environmental Sciences

Historical metal ore extraction and processing have resulted in severe water
quality issues worldwide. In England and Wales approximately 20% of water
bodies fail the objectives of the Water Framework Directive (WFD).
Environmental agencies from the United Kingdom and the European Union are
constantly challenged in the implementation of this directive, therefore applied
research and monitoring programmes are essential for the understanding of metal
ion speciation, mobility, accumulation and bioavailability in river ecosystems. In
northern England an exhaustive study has been carried out in an upland catchment
polluted by heavy metals from historical mining. This research aims to identify the
sources of pollution in the catchment and overall significance to water quality
criteria for better management and potentially remediation of surface and ground
water. A multi-methodological approach has been applied including water quality
monitoring and conventional chemical analyses (Ion chromatography, ICPMS) for
determining metal sources and concentrations. Correlation tests and principal
component analysis have provided a consistent physicochemical characterization
of the catchment, reflecting different sources of minerals that affect its water
quality. Results suggest that the major geochemical signals are determined by the
contribution of carbonate host rock (Ca**-Mg*":DIC:EC 1=0.9, p< 0.001), other
metals are possibly associated with weathering (Fe**- AI** -Pb**-Cu*:DOC
r=0.2-0.7, p< 0.001) and erosion of mined ores such as sphalerite (ZnS) and
galena (PbS)(Zn**-Cd**:S04* r=0.6-0.7, p< 0.001). Maximum concentrations of
Zn**, Pb** Cd**, and Cu** (7438.4 mg/l, 439.9 mg/l, 47 mg/l, 19.8 mg/l) exceeded
the Environmental Quality Standards by 99x, 61x, 313x and 2x, respectively. In
addition, the identification of different flow regimes emphasizes their impact on
metal discharge. Accordingly, mine channels are considered as important point
sources, but a major problem is caused by extensive mine tailings during high
flow scenarios becoming significant sources of diffuse metal pollution. Results
suggest that a catchment-scale assessment combined with analytical approaches
offer reliable information about factors controlling metal inputs (point and
diffuse), providing monitoring programmes with a practical way to evaluate heavy
metal pollution in headwater catchments.
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A field-based approach to linking biological responses of freshwater
organisms to sediment contamination by metals

J.1. Jones, QMUL / School of Biological and Chemical Sciences; J.F. Murphy,
Queen Mary University of London / School of Biological and Chemical Sciences;
A.L. Collins, Rothamsted Research, North Wyke; K. Spencer, Queen Mary
University of London / School of Geography; P. Rainbow, The Natural History
Museum / Dept of Zoology; A. Moorhouse, the Coal Authority; V. Aguilera,
DEFRA; P. Edwards, Southern Illinois University Carbondale / Zoolog; F.
Parsonage, DEFRA; H. Potter, Environment Agency; P. Whitehouse,
Environment Agency / Evidence

The legacy of contaminated sediment is a serious impediment to rivers meeting
the water quality targets set out by the EU Water Framework Directive. Whilst
controlled ecotoxicity studies in the laboratory can provide an indication of the
sensitivity of biota to sediments contaminated with metals, it can be difficult to
relate this to the response of organisms in the field. Under field conditions, a
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variety of factors can influence the uptake of contaminants, such as metals, from
the sediment by biota. These influences can be difficult to accommodate when
deriving environmental limits that are relevant to field conditions. Here we have
used a GIS approach based on river reaches to match biological data, from Water
Framework Directive monitoring programmes of diatoms, invertebrates, fish and
macrophytes, to a synoptic survey of riverbed sediment chemistry. A total of 2833
sites were identified with matching sediment and biological data. A threshold
biological response to sediment metal concentrations was expected, where the
metal would have no influence until a threshold concentration had been exceeded.
By modelling the 95%ile, biological response thresholds to sediment
concentrations of the metals silver, cadmium, chromium, copper, nickel, mercury,
lead, tin and zinc, and the metalloids arsenic and antimony were determined.
Based on field data describing the response of the relevant BQEs, the rank order
of sensitivity to sediment contaminated with metals and metalloids (from most
sensitive to least sensitive) was diatoms < invertebrates < fish < macrophytes.
Despite the uncertainty involved in the data matching exercise used to produce the
datasets, these findings, based on field data, suggest that for some metals the
existing sediment quality guidelines may be too precautionary.

Toxicity Testing in Sediments - Bioassays As Link Between
Chemistry and Complex Benthic Community Testing for
Sediment Quality Assessment
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Can transcriptomic biomarkers worthwile enhance sediment-contact tests by
molecular biomarkers?

A. Brinke, German Federal Institute of Hydrology; G. Reifferscheid, Federal
Institute of Hydrology / Department Biochemistry and Ecotoxicology; R. Klein,
Trier University; U. Feiler, Federal Institute of Hydrology; S. Buchinger, Federal
Institute of Hydrology / Department G Biochemistry Ecotoxicology

In sediment-contact tests effects caused by sediment-bound pollutants usually are
assessed on a macroscopic scale. In this approach a sediment-contact test with rice
is enhanced by molecular biomarkers for arsenite contamination. As macroscopic
endpoint the inhibition of root elongation was assessed. A dose-response curve for
the inhibition of root elongation was characterized and the ECs, was calculated as
13 mg-kg™' 4. Molecular endpoints in form of transcript biomarkers were derived
from microarray analysis. For this purpose, rice plants were exposed to two
arsenite concentrations, namely 11 mg~kg"dW and 15 mg: kg'ldW on spiked artificial
sediments. Differentially expressed genes that are dose-dependently induced were
selected as candidate biomarkers. From these genes a subset of five genes was
analyzed by means of qPCR in rice roots that were exposed to a broader range of
arsenite concentrations resulting in gene-specific dose-response-relationships. The
five candidate biomarker genes were also characterized after exposure of rice to
natural sediments with arsenic concentrations ranging from 13 to 23 mg-kg”4.. On
arsenite spiked artificial sediments, all genes showed a dose-dependent increase of
expression up to a maximum at 9 or 13 mg-kg 4, respectively. While on artificial
sediments a distinct inhibition of root elongation was observed, on natural
sediments only at the highest concentration of arsenic, an inhibiton of root
elongation occurred. This finding from the natural sediments contradicted the
expectations based on the results of the artificial sediment where an inhibition of
the root elongation was observed at lower concentrations. This might be explained
by the observation, that rice roots grown on silty natural sediments like, grow
thinner, but longer compared to roots grown on sandy artificial sediments.
However, one of the selected molecular biomarkers reacted clearly to the
contaminated sediment. These findings might suggest that the macroscopic
endpoint root elongation is less sensitive on silty natural sediments compared to
molecular endpoints, if sandy references sediment is used. In sum, it was possible
to identify candidate biomarker genes for arsenite stress by means of an
omic-approach. On artificial, but especially on natural sediments, the biomarker
react more sensitive than the inhibition of root elongation and thus indicated a
stress response before adverse effects become manifest on a macroscopic level.
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Evaluation and selection of test methods for the assessment of contaminated
sediments in the Baltic Sea - The CONTEST project

K.K. Lehtonen, A. Ahvo, Finnish Environment Institute / Marine Research
Centre; N. Berezina, Russian Academy of Sciences / Zoological Institute; M.
Breitholtz, B. Eklund, Stockholm University / Department of Environmental
Science and Analytical Chemistry; K. Jgrgensen, Finnish Environment Institute /
Marine Research Centre; M. Linde, Stockholm University / Department of
Environmental Science and Analytical Chemistry; E. Schultz, Finnish
Environment Institute / Laboratory Centre; J. Strand, Aarhus University /
Department of Bioscience; K. Strom, B. Sundelin, Stockholm University /
Department of Environmental Science and Analytical Chemistry

There is a growing need to establish reliable, scientifically-based assessment
methods to assess and classify the degree of contamination in sediments. This is
necessary for decision-making concerning regulatory actions towards the reducing
of pollution from different sources, removal and re-location of contaminated
materials, and on-site remediation measures and the follow-up of these. The
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purpose of the CONTEST project (“Evaluation and selection of test methods for
assessment of contaminated sediments in the Baltic Sea”, 2014-15), funded by the
Nordic Council of Ministers and the Finnish Ministry of the Environment, was to
test, evaluate and select suitable biological methods for the quantitative and
qualitative assessment of toxicity of anthropogenically contaminated sediments in
the Baltic Sea marine environment. In the project, a battery of biotests currently in
use in toxicity assessments were applied using a heavily contaminated harbour
sediment as the test matrix. Chemical analysis of the sediment confirmed the
presence of high concentrations of polycyclic aromatic hydrocarbons, organotins
and trace metals. For the toxicity testing, a series of dilutions was prepared by
adding reference sediment to the contaminated one, according to the toxicity
results obtained from a preliminary toxicity test using amphipods. Various
biological endpoints were examined in different test species, most of them
ecologically relevant for the Baltic Sea. The following biotests/endpoints using
whole sediments or sediment elutriates were applied: amphipod survival, larval
development and biomarkers; gastropod survival, embryo development and
imposex; copepod survival and larval development rate; water fleasurvival,
sediment avoidance (amphipods); bacterial luminescence; micro- and macroalgae
growth inhibition; SOS/umu genotoxicity. The majority of the tests applied
showed concentration-dependent negative effects on the test organisms. Ranking
of the biotests for recommendation purposes was based on the sum scores of a set
of carefully formulated individual assessment criteria applied for each
test/endpoint.
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Bioassays in framework of a triad assessment method for brackish sediments
K. De Schamphelaere; L. Bervoets, J. Teuchies, University of Antwerp / Systemic
Physiological and Ecotoxicological Research Department of Biology; T.
Ysebaert, IMARES - Wageningen University / Institute for Marine Resources and
Ecosystem Studies; P. Meire, University of Antwerp / Ecosystem Management
Departement of Biology; R. Blust, University of Antwerp / Systemic
Physiological and Ecotoxicological Research Department of Biology

In sediment risk assessment, analysis of the pollutant concentrations is essential in
determining the degree and nature of sediment contamination. However, chemical
analyses provide no evidence of biological effects as, for example, mixture effects
are not accounted for. Bioassays provide valuable information on the toxic effects
of sediments, but are carried out under lab conditions and are limited to the testing
of a few organisms. An evaluation of the benthic community structure can provide
evidence of effects in situ. The sediment quality triad method incorporates
measures of various chemical parameters, toxicological effects and benthic
community structure in view of conducting an integrated assessment of sediment
quality. In framework of developing a triad assessment method for the quality
evaluation of brackish sediments, 28 sediment samples were taken along the
Scheldt estuary (Sea Scheldt (Flanders) and Western Scheldt (the Netherlands))
and other brackish aquatic systems in Flanders. For these samples, chemical
variables (e.g. metals and organic pollutants), toxicological effects and benthic
community structure are being assessed. In this study, two sediment contact
bioassays and a pore water bioassay are carried out to test their suitability for
uptake in a quality triad method for brackish sediments as indicator of
ecotoxicological effects. A 28-day sediment contact bioassay with the polychaete
worm Hediste diversicolor is performed on a selection of the samples, with
growth and mortality being evaluated. A 10-day sediment contact bioassay with
the amphipod Corophium volutator and a 24h pore water test with the

rotifer Brachionus plicatilis, evaluating mortality, are carried out on all the
samples. For the sediments already evaluated mortalities vary between 0%-20%
for H. diversicolor, between 1%-20% for C. volutator and between 10%-43%

for B. plicatilis. Chemical concentration data are evaluated and compared with
existing Sediment Quality Guidelines to assess the expected potential of sediment
pollutant concentrations to influence sediment toxicity, and compared with the
bioassay results. Through multivariate analysis the chemical, ecotoxicological and
biological sediment measures are being analysed to assess the correspondence
among the three components.

89

(Dis)Agreement between different Lines of Evidence (LoEs) in the risk-based
approach of dredged sediments

J. Larreta, Azti-Tecnalia / Marine Research Unit; M. Belzunce-Segarra,
Azti-Tecnalia / Marine Research Division; J. Franco, Azti-Tecnalia / Marine
Research Unit; J. Garmendia, I. Menchaca, 1. Zorita, Azti-Tecnalia / Marine
Research Division

The importance of sediments for the assessment of the quality status of aquatic
environments has been thoroughly recognized and sediments monitoring is
included in many programmes for the assessment of the quality status of marine
environments worlwide. In addition, the assessment of the risk associated to
contaminants present in the sediments plays a key role in the management of
human activities in coastal areas, particularly dredging and relocation of sediments
in ports. The results obtained from studies carried out for the management of
dredging activities, in addition to those obtained from monitoring programmes
that include sediments, represent a good opportunity to study relationships
between different lines of evidence (LoEs)
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to assess the ecological risk of sediment-bound contaminants In this work we
study the relationships between the sediment chemistry, the toxicity testing and
the status of biological communities, in order to a) assess the degree of
(dis)agreement among these three LoEs; b) identify the factors and conditions
more likely distorting the expected cause-effect relationships; and c¢) suggest
improvements in the risk-based approach for the management of dredging
operations in the coastal areas of Spain. Data from several studies carried out by
AZTI in the Basque coast (N. Spain) for different institutions were considered in
this work. Overall, almost 300 sediment samples collected along the Basque coast
with chemical information of contaminants (heavy metals and organic
contaminants) and, at least, one biological LoE (toxicity testing and/or benthic
communities) were considered. Most of the metal concentrations in the sediments
were well above the ERL, and values above ERM were frequent, suggesting that
adverse toxic effects were likely to occur. Statistically significant correlations
have been found between variables of the three LoEs: e.g. %organic matter, PCBs,
Cr, Ni and Zn are correlated with AMBI, Microtox® and anphipods toxicity. The
quality status of the benthic communities was not clearly related to the others
LoEs. This indicates the complex relationships between the chemical and the
biological compartments.
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A weight of evidence approach for assessing remediation of contaminated
sediments using food web tissue contamination, biotic condition and DNA
damage.

J.M. Lazorchak, U.S. EPA / Office of Research and Development; J. Meier,
NCOAA Retired; K. Fritz, M. Mills, U.S. EPA; P. Wernsing, U.S. EPA Office of
Research and Development; H. Haring, The McConnell Group; D. Walters, USGS
/ Fort Collins Science Center; J.M. Kraus, U.S. Geological Survey; B.M.
Armstrong, Michigan State University / Fisheries and Wildlife

The Ottawa River drains northwestern Ohio, flowing into Lake Erie’s western
basin at the city of Toledo. The Ottawa River is a component of the Maumee
River Area of Concern (AOC) as defined by the International Joint Commission’s
Great Lakes Water Quality Agreement. A sediment remediation project took place
in the lower 14.2 km of the river where urban and industrial activities impacted
the river as a beneficial resource. Sediment was removed based on a surface
weighted average concentration model where PCB and PAH levels exceeded
targeted levels. This presentation will focus on three biological tools used to
assess remedy effectiveness: change in fish, invertebrate and Tetragnathid spider
tissue concentrations of PCBs and PAHs, DNA damage in Brown Bullhead and
macroinvertebrate biotic condition as measured by Ohio EPA Lacustrine Index of
Community Integrity (LICI). From 2009-2013 and again in 2015, pre- and
post-remedy sampling of fishes representative of different trophic levels was
conducted via electroshocking and fyke net sampling. The study area was divided
into three river reaches with distinct hydrogeomorphology. Fish collected from
each reach included: Largemouth Bass, Brown Bullhead, White Sucker,
Pumpkinseed, Gizzard Shad, Bluntnose Minnow and Emerald Shiner. Blood
samples were collected from 10 Brown Bullheads from each reach to assess DNA
damage using Comet Assay methods. Multi-plate samplers were deployed for
collection of macroinvertebrates for tissue analyses and biotic condition
assessment. DNA damage in Brown Bullhead increased during dredging then
declined in subsequent years. Largemouth Bass, White Sucker, Brown Bullhead,
Pumpkinseed, Bluntnose Minnow, macroinvertebrate & spider tissue
concentrations showed no change 3-y post dredging compared to pre-dredging.
Gizzard Shad and Emerald Shiner showed lower tissue concentrations 3-y post
dredging compared to pre-dredging across the entire project area. No difference in
the LICI was found based on samples collected before and after dredging. Based
on modeling performed during the design phase, it was anticipated that the
long-term clean up goals would be met approximately 10 years after the
completion of dredging activities, by 2020.
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A comparative approach using ecotoxicological methods from single-species
bioassays to model ecosystems

A. Higerbdumer, Bielefeld University / Animal Ecology; S. Hoss, Ecossa; E.
Claus, Federal Institute of Hydrology / Department Biochemistry and
Ecotoxicology; P. Heininger, Federal Institute of Hydrology / Division Qualitative
Hydrology; W. Traunspurger, University of Bielefeld / Department of Animal
Ecology

Effects on natural nematode assemblages to chemical stress (Zn) were assessed in
this study in complex sediment microcosms, including indirect food-web effects,
and in acute community toxicity tests, considering direct toxicity only. Responses
of the various freshwater nematode species in both approaches were compared to
effects of Zn on the well-established model organism C. elegans in standardized
toxicity tests (ISO 10872). The acute tests were performed with a concentration of
20 mg Zn/L, resulting in a sensitivity ranking of in situ nematode species. The
findings only partly reflected classifications of nematode species according to the
NemaSPEAR[%]-index but underlined the function of C. elegans representing the
sensitivity of freshwater nematodes. The sediment in the microcosms was spiked
with nominal Zn concentrations of 10 and 100 mg Zn/kg Sediment (dw). Over the
course of the study, Zn had strong dose-dependent effect on nematode abundance,
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species richness, and species composition, as well as on the
NemaSPEAR[%]-index,with significantly lower values in HD-microcosms.
Additionally, standardized C. elegans-toxicity tests with whole sediment samples
and filtered pore water were conducted to estimate bioavailability and direct
toxicity, indicating that concentrations causing sublethal effects in C. elegans have
already severe effects on natural nematode communities. Even at relatively low
pore water concentrations of 1 mg Zn/L, corresponding a 20% inhibition of
reproduction of C. elegans only, striking effects on the natural nematode
assemblages could be observed. By this study, a better interpretation of toxicity
bioassays in terms of sediment quality assessment was aimed. Whereas the
function of C. elegans as representative of nematodes could be confirmed when
comparing its sensitivity to common freshwater species, results of the more
complex microcosm approaches underline the importance of considering also
indirect (food-web) effects. Combining sophisticated experimental tools with field
observations allows for more accurate decision making in environmental risk
assessment. Data on chemical concentrations, single-species and community
toxicity, and in-situ assemblages can be integrated as single lines of evidence in a
weight-of-evidence approach. As suitable ecotoxicological tools and ecological
indices (NemaSPEAR[%]-index) for nematodes are already available, this
organismal group should be used more often in sediment quality assessments.

Advances in exposure modelling: bridging the gap between
research and application (1)
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Exposure to Chemicals in Consumer Products: The Role of the Near-Field
Environment

P. Fantke, Technical University of Denmark / Quantitative Sustainability
Assessment Division; A. Ernstoff, Quantitative Sustainability Assessment; S.
Csiszar, 20ak Ridge Institute of Science and Education at U.S. EPA; L. Huang,
University of Michigan / Dept of Environmental Health Sciences; O. Jolliet,
University of Michigan

Humans can be exposed to chemicals in consumer products during product use
and environmental releases with inhalation, ingestion, and dermal uptake as
typical exposure routes. Nevertheless, chemical exposure modeling has
traditionally focused on the far-field with near-field indoor models only recently
gaining attention. Further, models that are mostly emissions-based, may not
necessarily be applicable to all types of chemical release from consumer products.
To address this gap, we (1) define a framework to simultaneously account for
exposure to chemicals in the near- and far-field, (2) determine chemical product
concentrations for various functional use categories, (3) introduce a quantitative
metric linking exposure to chemical mass in products, the Product Intake Fraction
(PiF), and (4) demonstrate our framework for various consumer product
categories. This framework lends itself to high-throughput calculations for
characterizing exposure to the vast consumer product chemical space. The
chemical mass in products is used as a starting point for quantifying human
exposure obtained by multiplying the chemical concentration (e.g. % w/w) in the
product with the amount of product used per defined application. Chemical
concentrations in products can be obtained from empirical studies, formulations
and associations described in databases, or when unavailable, estimated based on
chemical-product functions or regulatory frame formulations. Exposure is
quantified by estimating the PiF, the fraction of the chemical in a product that is
taken in by humans via each exposure pathway, considering specific
compartments of entry into the near-field environment (releases of chemicals
encapsulated in articles, indoor air spray, etc.). To estimate PiFs, we combined
far-field environmental compartments with near-field compartments and exposure
pathways in a multimedia matrix of transfer fractions, with columns and rows for
each compartment and exposure pathway. The multiple transfers and PiFs (e.g.
from chemicals encapsulated in articles to inhalation of indoor air and dermal
uptake via skin contact) were obtained by inverting the transfer fractions matrix,
yielding cumulative multimedia transfer fractions. PiFs for various chemicals in
products were found to be on the order of 1x107” for semi-volatile organic
compounds (SVOCs) in thick flooring, 5x10 for VOCs in indoor air spray, and
up to 95% or even higher for ingredients in leave-on cosmetic products.
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Junge relationships in modelled and measured concentrations of chemical
pollutants in the Danube River

C. Coll Mora, Stockholm University / Environmental Sciences and Analytical
Chemistry; C. Lindim, Stockholm University / Department of Environmental
Science and Analytical Chemistry ACES; M. MacLeod, ITM - Stockhom
University / Department of Environmental Science and Analytical Chemistry
ACES; A. Sobek, Stockholm University / Department of Environmental Science
and Analytical Chemistry ACES

Persistence is an undesirable property of chemicals that is difficult to measure in
the real environment. Junge relationships describe the correlation between the
relative standard deviation of concentrations of chemicals and their residence
times. Once calibrated for a set of compounds they can potentially be used to
estimate the persistence of pollutants. The parameter b in the Junge equation is a
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measure of the strength of the relationship between variability in concentrations
and residence time.[1] In this study we explored Junge relationships relating the
concentrations of chemical pollutants to their degradation half-lives in the Danube
River. Concentrations of four hypothetical chemicals with biodegradation
half-lives of 7, 15, 30 and 90 days were obtained using the STREAM-EU

model [2]. Junge relationships were calculated as 1) “Temporal” relationships
from variability during the year at each of the stations, and 2) “Spatial”
relationships from variability between the stations on each day of the year. Next, a
Junge relationship was calculated from the data of the 2nd Joint Danube Survey
(JSD)[3] for caffeine and six pharmaceuticals: benzafibrate, carbamazepine,
diclofenac, gemfibrozil, ibuprofen and sulfamethoxazole. Half-lives of the
compounds were gathered from literature. We found Junge relationships in the
Danube in both modelled and measured concentrations. Results from
STREAM-EU show clear Junge relationships for the 4 theoretical chemicals. The
parameter b ranges between 0.1 and 0.8 for the temporal analysis and from 0.1 to
0.4 for the spatial analysis. The higher b values in the temporal analysis are found
downstream (i.e. Romania), were population and emissions are relatively low. For
the spatial analysis, the higher b are found in the month of November. The
analysis of pharmaceuticals and caffeine data from the JSD, also shows a Junge
relationship with b of 0.25, well within the values obtained in the modelled spatial
Junge relationships. Modelling results suggest that Junge relationships are more
likely to be found during November and downstream in the Danube, but this has
not been confirmed with monitoring data. Measurements within the optimal
spatial and temporal conditions defined by the modeling analysis could potentially
be used to estimate the persistence of other chemical pollutants. [1]MacLeod,
et.al. 2013. Chemosphere 93:830-834[2]Lindim, et.al. 2016. Chemosphere
144:803-810[3]ICPDR. 2007. http://www.icpdr.org/wq-db/home
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Application of a spatial model to contextualise monitoring data for risk
assessment of down-the-drain chemicals over large scales

J. Kilgallon, A. Franco, O. Price, Unilever / Safety and Environmental Assurance
Centre SEAC

Regulatory screening level exposure assessments (e.g. EUSES) are based on
simple conceptual scenarios at various scales. However, exposure, and therefore
risks associated with chemicals, are characterised by high spatial variability. The
Scenario assembly tool (ScenAT) is a global screening level exposure model to
enable spatially explicit predictions of environmental concentrations of home and
personal care chemicals. It uses a simple equation to predict local scale freshwater
concentrations (PECs) of chemicals discharged via wastewater, as described in the
EU TGD. Calculations are performed for 28,080 spatial units across 88 countries
worldwide using GIS data layers for the underlying socio-economic (population,
GDP) and environmental parameters (per capita water use, STP connectivity,
dilution factor). Using a probabilistic approach, we incorporate sources of
uncertainty in input data (tonnage estimation, removal in sewage treatment plants
and seasonal variability in dilution factors) into spatially explicit model
simulations for two test chemicals: the antimicrobial triclosan (TCS) and the
anionic surfactant linear alkylbenzene sulphonate (LAS). We then compare model
estimates of wastewater and environmental concentrations of TCS and LAS to
monitored data available for the UK. This comparison showed that screening-level
modeled probabilistic PECs were higher than mean measured data for TCS and
LAS by a factor 3.4 and 1.4, respectively. Considering the uncertainty associated
with both model and monitoring data, results suggest that the use of a probabilistic
approach using the ScenAT model for screening assessment over large scales is a
valid approach, produces output that is consistent with monitoring data, and
thereby represents a robust screening level exposure assessment tool. The
combination of modelled and monitoring data enables the contextualisation of
available monitoring data, focussed on few specific catchments, over larger scales.
Such information can be used to support the refinement of exposure assessments
as well as for the identification of areas of high concentration for use in higher tier
assessments.
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Exposure hotpots and source apportionment analysis of home and personal
care products chemicals in Asia

C. Wannaz, The Unversity of Michigan, Ann Arbor / SPHEHS; A. Franco, J.
Kilgallon, Unilever / Safety and Environmental Assurance Centre SEAC; O.
Jolliet, University of Michigan

The increasing use of household and personal care (e.g. HPC) products in
developing countries requires new tools to assess the potential ecological impacts
of HPCs, accounting for local hydrological and use characteristics. This paper
therefore aims a) to develop a tiered set of models to describe the hydrological and
multimedia fate of releases associated with the use of HPCs in Asia b) to combine
the fate model with georeferenced emission scenarios to predict chemical
concentrations and to identify of (sub)catchments hotspots, and c) to perform an
apportionment analysis to understand dominant near and distanced sources.
Geo-referenced emissions scenarios are first determined for the entire region using
the ScenAT model and focusing on six different test substances. These emission
scenarios are then used as input to the regionalized USEtox (tier 1) and to the
Pangea fate and exposure model (tier 2) that has the ability to create
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scenario-specific multi-scale grids. A more detailed analysis is carried out on the
Yangtze and Huai River catchments in China, comparing estimated exposure
hotspots with water quality grades. LAS estimated concentrations in freshwater
are the highest among the considered HPC chemicals but few LAS monitoring
data are available for Asia. The higher resolution of tier 2 leads to higher spatial
variation in water concentrations. Of special interest is the contrast between short
and long lived chemicals in surface water. For a short-lived substances such as
LAS (half-life of 0.29 d), dilution leads to decreasing concentrations in the
Yangtze River as we move downstream, whereas concentrations are relatively
constant for a less degradable substance. The highest concentrations are observed
for the Ying River, a tributary of the Huai River, classified with the poorest grade
(V+) for macro indicators of water quality in China. For LAS only a few adjacent
cells substantially contribute to the concentration in the terminal cell, 63% of the
concentration being due to direct emissions in this terminal cell. In contrast, for
triclosan, only 1% of the concentration in the terminal cell is due to direct
emissions, 5% from neigbouring Shangai, and the remaining 94% coming from
more than 220 cells spread over 2000 km upstream in the catchment. The
combination of ScenAT with the multi-scale multimedia model Pangea provides a
parsimonious way to identify hotspots and to study them with refined resolution.
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Countrywide risk assessment concerning the exposure of watercourses to
spray drift in fruit growing in the Netherlands

H. Holterman; J. Van de Zande, Wageningen University and Research Centre /
Agrosystems Research; H. Massop, Wageningen University and Research Centre /
Alterra; J. Boesten, Alterra / ERA team; J. Huijsmans, Wageningen University
and Research Centre / Agrosystems Research; M. Wenneker, Wageningen
University and Research Centre / Applied Plant Research

For aquatic organisms, the risk of exposure to pesticides depends highly on
deposits of spray drift onto surface waters. Downwind off-target deposits of spray
drift have been investigated for many years. In fruit crops, pesticide sprays are
applied in an upward or sideways direction. Consequently, downwind deposits are
significantly higher than those for field crops, where sprays are applied in
downward direction. For field crops, various spray drift models have been
described in literature. For fruit crops no models are available to assess the
exposure of surface waters to spray drift. Recently, a generic spray drift model for
pesticide applications in pome fruit crops has been developed based on a large set
of experimental data. The model is implemented in an exposure assessment model
to estimate pesticide concentrations in all edge-of-field watercourses next to fruit
orchards in the Netherlands. The exposure assessment model accounts for a large
number of spatially and temporally varying conditions. These include the
topography of orchards and their orientation, the spatial distributions of
edge-of-field watercourses and their geometry, spatio-temporal frequency
distributions of weather conditions (typically, wind speed, wind direction and
ambient temperature). Another important factor is the growth stage of the trees at
the days of pesticide application. Drift reducing application techniques and
multiple spray applications during the growing season are accounted for. All of
these features result in an exposure assessment model with a high level of realism.
In an extensive simulation study the predicted environmental concentrations
(PECs) in the watercourses were computed for all possible spatial configurations.
A spatio-temporal statistical analysis on these simulations resulted in a
quantitative risk assessment for a representative set of spray application schemes.
Currently, the present model is combined with a model describing the fate of
pesticides in edge-of-field watercourses. In this way, a realistic simulation study
on the fate of pesticides in surface waters can be performed to quantify exposure
risk levels for aquatic organisms. This serves higher-tier assessment studies for the
authorization of plant protection products.

Risk Assessment of Biocides - latest developments
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Introductory talk: Overview on the environmental risk assessment for
biocides and latest developments of guidance and guidance-related
documents

H. Schimmelpfennig, ECHA-European Chemicals Agency / D Biocides

SETAC session: Risk Assessment of Biocides- latest developments, under main
track: Risk assessment, mitigation and monitoring Short abstract Introductory
talk: Overview on the environmental risk assessment for biocides and latest
developments of guidance and guidance-related documents Heike
Schimmelpfennig, Eugenia Nogueiro, Anna Wik, Simon Gutierrez Alonso ECHA,
Annankatu 18, FI-00121 Helsinki, FINLAND Key words: environmental risk
assessment, biocides, guidance development The aim of the introductory talk is to
set the scene on how environmental risk assessment is defined for biocides, on
how it is currently performed, where to find relevant guidance documents as well
as to provide an overview on current ongoing guidance developments. According
to Annex VI of the BPR, any risks arising from the use of a biocidal product needs
to be identified, therefore a risk assessment is carried out for the different product
types (PTs) to determine the acceptability of the claimed use or otherwise of any
risks that are identified. Detailed information on how to perform an environmental
risk assessment for biocides is provided on the ECHA webpage. The development
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of guidance and or guidance-related documents like the ESDs is still ongoing. The
following guidance documents have been finalised since entry into operation of
the BPR (09/2013): Mesocosm guidance (available as Appendix in Vol. IV Part
B) Cut off criteria for groundwater assessment of biocides Volume IV Part B:
Guidance on Environmental Risk Assessment — Active Substance Scenario for the
biocidal use and emissions from oil platforms PT11/ PT12 for PEC calculation
Direct emissions to surface waters in PT 6,7, 8,9 and 10 Use scenarios for PT 9
roof membranes Supplement to the ESD for PT 13 Emission Scenario Document
for PT 19 PT 21: Fish net scenario in aquaculture The preparation of the following
guidance documents is currently coordinated by ECHA, member states are
actively involved in the preparations: PT 8: Acceptability of the current methods
to assess the exposure/risk of wood preservatives Proposals for standard scenarios
and parameter setting of the FOCUS groundwater scenarios when used in biocide
exposure assessments Leaching to groundwater from paint, coatings and plaster
Harmonisation of leaching tests for PT 7,9 and 10 - test methods.
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Mixture toxicity assessment of biocides: Experimental verification of the
relevance of additives in wood preservative products

P. Vollmar, J. Heim, ECT Oekotoxikologie GmbH; A. Kehrer, Federal
Environment Agency / IV Biocides; F. Sacher, DVGW-Technologiezentrum
Wasser; A. Coors, ECT Oekotoxicologie GmbH

The Biocidal Product Regulation requests to consider combined effects of active
substances and of active substances and relevant additives in the environmental
risk assessment. The present study aimed to inform guidance development
regarding the identification of additives as being relevant for such a mixture risk
assessment. Furthermore it aimed to verify if theoretical mixture assessments can
substitute for ecotoxicological testing of biocidal products or their residues
released into the environment. The hypothesis of the study is that the
consideration of the active substances and additives of environmental concern is
sufficient to reliably predict the aquatic toxicity of biocidal products using the
concept of Concentration Addition (CA). \nSeven wood preservative products
were chosen for the experimental verification of the hypothesis using green algae
(growth rate after 72 h), Daphnia magna (immobilisation after 48 h) and fish
embryos (mortality after 48 h and/or 96 h). To determine how relevant various
types of additives are for a protective mixture risk assessment, the Model
Deviation Ratio (MDR) was calculated for different subsets of product
components.\nln general, the CA prediction was (over)protective for the so far
tested products. If this can be confirmed as a general finding, the theoretical risk
assessment of products by the CA concept appears sufficiently protective to be
used as a substitute for product testing, taking only additives into account that are
identified as environmentally relevant. The presentation aims to give an overview
of the results of all seven tested products and will also discuss whether such
findings can be generalized for the risk assessment of biocidal products in view of
the limited variability of wood preservative products available for testing in the
present study.
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Biocidal use of anticoagulant rodenticides results in the secondary exposure
of non-target animals

S. Koivisto, Finnish Safety and Chemicals Agency Tukes

Residues of anticoagulant rodenticides (AR) in non-target animals were studied in
Finland. ARs are transferred to non-target animals when they prey on poisoned
rodents. In particular, second generation ARs (SGARs) have been found in
non-target animals in many countries. This study focused on species which feed
either on rodents or their carcasses and in which ARs have been found in other
countries. The animals were either found dead or were shot or trapped for other
purposes. Bromadiolone, difenacoum, brodifacoum, flocoumafen and
coumatetralyl were analysed in 136 liver samples by an HPLC-triple quadrupole
mass spectrometric method. One or more ARs were detected in 87% of samples.
ARs were commonly found in eagle owls, tawny owls, raccoon dogs, foxes and
mustelids. The most commonly found AR was bromadiolone which was also
found in the highest concentrations. Bromadiolone was the most frequently used
AR in Finland in 2014. The second most common AR present in the livers was
coumatetralyl followed by difenacoum, brodifacoum and flocoumafen. Overall,
the prevalence of ARs in non-target species correlated well with the sales of these
substances. A high variation of concentrations was found within and between
animals. In general, coumatetralyl was found in lower concentrations compared to
SGARs. Our results show that the biocidal use causes frequent exposure of
non-target animals, because ARs are authorized only as biocides in Finland and
the use for the crop protection can be considered negligible. There are several
restrictions on the use of ARs in Finland. The most restricted use is allowed to the
general public while the professional pest control operators (PCO) have the widest
selection of substances as well as a possibility to use ARs outdoors. Even the most
restricted substances, i.e. those allowed only to indoor use by PCOs were found,
but in lower frequency compared to more commonly used substances.
Coumatetralyl was found surprisingly often despite of its anticipated low use and
fast elimination half-life. On the other hand, concentrations of coumatetralyl in the
baits were several times higher compared to other ARs. Majority of concentrations
were assumed to be sublethal, but in 15% of non-target species concentrations
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were so high that ARs could have contributed to the death of these individuals.
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The fate of biocides in stormwater pond sediments
E.A. Rudelle, Aalborg University / Department of Civil Engineering; U.E.
Bollmann, K. Bester, Aarhus University / Department of Environmental Science;
AH. Nielsen, Aalborg Unversity / Department of Civil Engineering; J. Vollertsen,
Aalborg University / Department of Civil Engineering

Biocides are added to paints, wood preservatives, plasters, and other building
materials to protect them against fouling. Upon application, biocides also ensure
long shelf life of the product. However, biocides are slowly released, washed off
during rain, and enter the stormwater flow, resulting in concentrations that
routinely exceed quality standards set by the EC. Stormwater contains a range of
other pollutants which are perceived as problematic. To mitigate their impacts,
retention ponds are routinely used to treat the runoff prior to discharge into the
environment. The objective of this study is to assess how selected biocides are
sorbed and degraded in the organic-rich sediments of stormwater retention ponds.
No study has hitherto reported the fate of biocides in retention ponds, and only
few studies exists on pesticides in sediment from comparable systems. The
sorption capacity, sorption kinetics, and degradation of Cybutryn, Terbutryn,
Diuron and Carbendazim were investigated in microcosms simulating retention
ponds. Stormwater sediments were deposited at the bottom of microcosms, and
biocides were added. The removal of biocides from the liquid phase was
monitored. After 3 weeks of incubation the sediments were extracted and analyzed
for biocides. Parallel hereto sorption kinetics and stoichiometry was determined
on the same sediments kept in suspension, the latter based on the relevant OECD
standard. The total degradation of biocide was 10-30%, depending on biocide and
sediment type. The sorption determined by slurry-tests and the microcosm tests
did however not agree. The amount of biocide remaining in the liquid of the
microcosms after 3 weeks were up to 10 times higher than what was expected
based on the sorption capacities determined by the slurry tests. A fully dynamic
diffusion-sorption-degradation box-model was applied to analyze this
discrepancy. The simulations represented the measurements well and allowed
dynamic distinguishing between degradadation and sorption. The study showed
that all biocides underwent sorption and degradation in stormwater sediments to a
degree where these processes will affect the final amounts discharged from
retention ponds to receiving waters. It was furthermore observed that sorption
kinetics of biocides in deposited sediments differed significantly from those of
sediment slurries and that kinetics based on slurry experiments significantly
over-estimated the sorption to retention ponds sediments.
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Implementation of an Environmental Monitoring of Biocides to Follow
Consequences of their EU Risk Assessment Outcome

H. Ruedel, Fraunhofer IME - Institute for Molecular Biology and Applied
Ecology / Environmental Monitoring; M. Ahting, K. Michaelis, German
Environment Agency Umweltbundesamt; K. Pohl, German Environment Agency
Umweltbundesamt / Biocides

The implementation of the Biocidal Products Regulation (No. 528/2012; BPR)
causes changes in the application of biocidal active substances and their entry into
the environment. For biocides included in the list of approved substances
concentrations may increase while decreasing environmental levels are expected
for substances with non-approval decisions or implemented risk mitigation
measures. Such consequences may be proven by an environmental monitoring.
However, in most current monitoring programmes biocides are not appropriately
covered yet. Traditionally, e.g. in surface waters mainly plant protection products
(partly also approved as biocides) and legacy chemicals are monitored. In this
context, the German Environment Agency (UBA) initiated a project which aims at
developing a comprehensive monitoring concept for biocides which also includes
selected monitoring studies. The developed prioritisation approach provides lists
for a biocides monitoring in all relevant compartments (e.g. monitoring in surface
waters: water phase, aquatic biota, suspended particulate matter/sediments). For
the implementation of the proposed biocide monitoring approach mainly
cooperation with existing programmes is recommended. At least some biocidal
compounds are already covered (e.g., for surface water monitoring according to
Water Framework Directive obligations). All proposed monitoring activities
should be organised in a stepwise approach (e.g. screening study, survey in
different regions, and inclusion in a routine monitoring programme). In a further
part of the project archived biotic and abiotic samples from the German
Environment Specimen Bank (ESB) were used for exemplarily retrospective
monitoring studies to identify possible spatial and temporal patterns of selected
biocides. As case studies monitoring data from recent investigations covering
freshwater samples will be presented: e.g., cybutryne and tebuconazole in aquatic
suspended particulate matter and rodenticides in fish liver tissue. Time series
reveal sporadically occurrence of rodenticides such as brodifacoum in fish and
decreasing levels of cybutryne (previously used as preservative in construction
materials). Examples support the assumption that changes of the use of biocides
after approval/non-approval decisions or as consequence of risk mitigation
measures can be followed by an environmental monitoring. Appropriate
monitoring data would also allow to check the appropriateness of exposure
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estimations (verification of model outputs).
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Biocidal active substances in households - reasons for the need to promote a
sustainable use of biocides

S. Wieck, O. Olsson, Leuphana University of Liineburg / Institute for Sustainable
and Environmental Chemistry; K. Kuemmerer, Leuphana University Liineburg /
Institute of Sustainable and Environmental Chemistry

Households are a possible application site for a wide variety of biocidal active
substances that fall under the Biocidal Products Regulation (EU) 528/2012 (BPR).
However, the usage pattern of these substances there is widely unknown.
Furthermore, the very same substances are used in products that are regulated by
other regulations, too. As exposures resulting from different regulatory areas are
currently not aggregated, the risks of these active substances will be
underestimated. The objectives of the work presented here are therefore (i) to
identify the biocidal active substances that can be found in households and the
respective product categories they are used in and (ii) to describe the cases where
biocidal active substances might enter the sewage system without being covered
by the BPR and thus are not evaluated under its risk assessment scheme.
Face-to-face interviews were conducted in 133 households in predominantly
urban, intermediate and predominantly rural study sites in Germany. Members of
private households were interviewed using a standardised questionnaire.
Additionally, the products that were used in the households were registered with
the help of a barcode scanner. Biocidal active substances were present in all
households, eventhough not all posessed biocidal products, as the majority of uses
of biocidal active substances was in washing and cleaning agents and personal
care products, but not in biocidal products. Around 60 % of the registered
applications of biocidal active substances do not fall under the risk assessment of
the BPR. These can be active substances present in washing and cleaning agents,
which are not assessed or approved for the use as in-can-preservatives.
Furthermore, all biocidal active substances present in personal care products are
not covered by the risk assessment of the BPR. The results show that gaps exist in
the risk assessment of biocidal active substances. The attempt to solve the problem
would require an extensive increase of complexity of risk assessments and their
aggregation throughout all legislation. From our point of view, a better approach
to reduce possible risks by these substances in general would be to limit their use
to in fact essential usages. A sustainable use of biocides should thus be promoted
to account for existing gaps in risk assessment.

Life Cycle Data and Modeling Developments - From Data
Collection to Usage (Il)
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How to complete LCA studies data collection in order to improve its quality?
E. Lees-perasso, CODDE; A. Roy, Bureau Veritas CODDE; J. Orgelet, Bureau
Veritas CODDE / EcoDesign; J. Garcia, P. OSSET, SCORE LCA

LCA is a more and more common and widespread tool used to calculate the
environmental impacts of products and services. This importance leads to an
increasing need for reliability and transparency of data and results. In parallel, the
multiplication of LCA studies as well as the growing complexity of reference
documents and analysed systems leads to an increasing need of temporal and
human resources. Most of these are allocated to the collection and research of data
to assess the systems considered. The time needed to perform this collection and
the assessment is even greater as some data may be missing, hard to find or even
false. Therefore, it is necessary to define and use methods in order to fill those
gaps. Those choices are essential and must preserve the relevance and
transparency of studies while limiting the need for resources. This presentation
aims at introducing the study performed on behalf of the ScoreLCA association
concerning how to answer this need for reliable methods of missing data gap
completion. This study aims at answering this need through three steps:
Describing existing reference documents requirements in terms of missing data
Identifying, describing and applying actual or ongoing methods aiming at solving
the data missing gap Determining recommendations allowing the selection and
application of chosen methods, depending on the studied system typology and the
LCA study goals Concerning the requirements, the study enlightened the different
logical schemes about their implementation in the different documents, depending
on the activity sector, the age of documents, and the involved actors and
documents objectives. This study shows that the actual developments go towards a
greater harmonization and complexity of requirements. Concerning the methods,
the study concluded that the existing ones cover quite well the need for
identification, analysis and substitution of missing data. Though, those methods
have different application scope and advantages and drawbacks, due to inherent or
external reasons. The LCA practitioners’ difficulties reside in the selection and
application of those methods. To go further, the study concluded on the
importance to gather and analyse feedbacks from the different stakeholders
(practitioners, verifiers, study users), as well as the methods and requirements
answer thestudies objectives. This could provide a clear synthesis to be used as a
basis for the development or update of future reference documents.
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How to prioritize data collection based on uncertainty analysis: Application
to the regionalization effort

L. Patouillard, CIRAIG - Ecole Polytechnique de Montréal; P. Collet, IFP
Energies nouvelles; P. Tirado Seco, CIRAIG; C. Bulle, CIRAIG - ESG - UQAM /
Strategy corporate social responsibility; M. Margni, CIRAIG - Ecole
Polytechnique de Montréal / Mathematical and Industrial engineering

Life cycle assessment (LCA) practitioners spent a lot of their time on data
collection. A smart data collection insures a good study quality with low
uncertainty. One of the main challenge for them is to focus effort on data that can
reduce the overall uncertainty. Regionalization is one of the ways to reduce
overall uncertainty. Life Cycle Inventory (LCI) regionalization deals with
increasing the geographic representativeness modelled in LCI. Life Cycle Impact
Assessment (LCIA) regionalization deals with calculating regionalized
characterization factors (CF) that account for the spatial variability of the
receiving environment for some environmental impacts. To use regionalized CF,
elementary flows (EF) should be spatialized (LCI spatialization). Integrating
regionalization requires additional effort on data collection and needs to be
prioritized. This work proposes an operational methodology for LCA practitioners
to prioritize data collection for regionalization purpose based on uncertainty
analysis in order to select impacts, processes and EF that need further data
collection. Its relevance and applicability is illustrated by a case study. The
proposed methodology is stepwise, iterative and takes into account decision maker
requirements to set the target for uncertainty reduction. It allows among other to
prioritize the effort between LCI regionalization (if LCI uncertainty predominant)
or LCI spatialization (if LCIA uncertainty predominant). Global sensitivity
analysis tools are used to identifying uncertain sources that are the biggest
contributors to the result uncertainty and that need further data collection. They
have been selected based on a trade-off between accuracy and operationalization.
For uncertainty contribution analysis (UCA), tools such as Contribution To
Variance based Monte Carlo results and coefficient of variation (CV) are used.
The proposed methodology has been tested on an ecoinvent v3 process using the
IMPACT World+ LCIA method to investigated which aspects of this process
should be regionalized. For water use impacts on human health, the relative
importance of LCI and LCIA uncertainties are compared based on CV values.
Main results show that the effort for data collection should be focus on
information to spatialize water EF in order to use less agregated CF with a lower
spatial variability. This methodology is described for regionalization purpose but
could be further adapted for global data collection prioritization.
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Influence of data choices in Life Cycle Assessment of waste management
systems

T. Henriksen, Technical University of Denmark (DTU) / DTU Environment; T.F.
Astrup, Technical University of Denmark / Department of Environmental
Engineering; A. Damgaard, Technical University of Demark / DTU Environment
Environmental models, e.g. life cycle assessment (LCA), are widely used to
support decision-making. An important factor for the reliability and usefulness of
the models is to which extent they represent reality, i.e. the system of interest,
which is influenced by the representativeness of the input data and the model
itself. There are specific challenges for LCA of waste management systems
related to the collection of representative data. Site-specific conditions affect the
quality of the waste and the waste composition due to local waste separation and
collection schemes, why there is a high need for site-specific data when modelling
waste management systems. The objective of this paper is to evaluate the
influence of input data choices in LCAs of waste management systems. The
hypothesis is that data choices affect the LCA such that end result can vary with
orders of magnitude. This is evaluated by analysing and comparing the spread of
results calculated on basis of the modelling of a case study, where data
combinations are implemented in the model. The case study is landfilling of
Danish residual household waste with the functional unit being landfilling of 1
tonne of waste. A mechanistic landfill model was applied, where sub-processes
are represented by modules and emissions are linked to the fractional and
chemical waste composition. In the model, data choices were varied based on
known ranges to represent different options for landfill gas and leachate
generation and different types of technical collection and treatment solutions. A
total of 864 data combinations were obtained, hence resulting in 864 results per
impact category. From the preliminary results we saw a factor 2 spread between
the minimum and maximum values of potential impacts of climate change, ozone
depletion, ionizing radiation, fossil resource depletion and particulate matter. This
highlights that data choices, even individual technology choices, influence the
LCA results. By tracking the results back to its data combinations we found that
the largest potential impact of climate change corresponded to a combination with
high landfill gas generation and limited gas collection and utilization. Based on
these preliminary results, it can be concluded that the choice and availability of
representative data influence the LCA results, and thus that proper identification
of the correct modelling choices is crucial within specific technologies.
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Comparing models in estimating additive emissions from plastic materials in
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use
T. Rydberg, J. Lexén, IVL Swedish Environmental Research Institute

The amount of additives in the total societal stock was previously estimated based
on trade stastistics combined with product lifetime estimates and as detailed
information “as possible” about the additive type, down to substances and their
concentration in materials. Emissions for this amount was then estimated by two
different emission models. The work presented here is a cross-comparison of these
two models for calculating emissions of additives in polymer materials during the
use phase of the materials. The purpose is to investigate if, at all, a rough model
can be considered good enough. The actual product type used for the comparison
is wall paint. An important reason for this selection was the fact that composition
information for total volumes of wall paint was available through the chemical
product registry at the Swedish Chemicals Agency. The substances included are
functional additives in paint, i.e. preservatives, biocides, etc. Actually the
cross-comparison could have been done also on a theoretical composition of some
other product, but the overarching purpose of the work was to estimate the actual
emissions of the additives at stake. The two models provide very varying results.
When looking at the total emission estimate for the whole stock of plastics in the
economy, it becomes clear that the rough model overestimates the emissions of
additives when added together across all plastics and all additives. The advanced
model, on the other hand, has been shown to provide a reasonably accurate
estimate at least for specific substances (DINP from vinyl flooring) also when
validated against concentrations in the indoor and outdoor environment. In this
particular case the rough model overestimates emissions by a factor of 250. It is
however highly uncertain to apply a similar factor for other materials and
additives, as the emission ratio varies across several orders of magnitude. The
rough model must therefore be considered “not good enough”, while the advanced
model needs further validation for more material/additive combinations.
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A visual solution to optimize the understanding and exploitation of metadata
from Open Data sources in LCA

B. Rugani, Luxembourg Institute of Science and Technology (LIST) /
Environmental Research Innovation ERIN; P. Carvalho, B. Othoniel, T.
Navarrete-Gutiérrez, Luxembourg Institute of Science and Technology LIST /
Environmental Research Innovation ERIN

Metadata is a fundamental piece for the discovery and management of input
datasets and methods in Life Cycle Assessment-LCA. Collaborative initiatives
among LCA practitioners, database developers, data suppliers and other
stakeholders worldwide have brought to several forms of metadata developments
to improve the transparency of unit process datasets and impact assessment
methods, providing the necessary knowledge on the applicability and relevance of
data, helping reduce uncertainties and ensuring the reproducibility of LCA studies.
The general impression is that the LCA practice is getting more and more oriented
towards Open Access thinking, in particular for the use of life cycle commodity
databases. Building on such free knowledge, however, can imply a lack of
standardization, and pose additional problems to the consistency and quality of
shared data. Hence, efforts to improve and harmonize metadata could reduce such
issues. Information to build databases or update characterization models may be
retrieved from open access portals, which can be valuable tools. The value of such
information can even increase by using and combining datasets coming from
different data sources. However, metadata from such sources, when defined, are
not always easy to understand and exploit. This intensifies the complexity of
searching and filtering datasets, which is one of the major challenges for database
developers. Moreover, gathering datasets from different sources complicates the
data collection because of different metadata policies, types and languages. While
open data portals are more and more tailored to store large amounts of metadata,
they are less effective in making data available. Such portals are not usually
prepared to allow users downloading datasets, and not all of them use open
formats (e.g. CSV and XML), limiting the dataset reuse. Thus, beyond the
necessity to increase their readability, metadata need to be better exploited for
more consensual, replicable and transparent dissemination and use of life cycle
data. To this end, a novel visual technique is proposed here to organize in
effective and friendly ways all metadata related to a group of life cycle datasets.
This choice is made because data visualisation techniques allow rapid assimilation
and recognition of large amount of information. For validation, a case study is
presented with focus on an integrated modelling framework for the
characterization of life cycle impacts on ecosystem services.
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UNEP technical support on datasets review: a summary of learnings

B.W. Vigon, SETAC; A. Asselin, UNEP/Setac Life Cycle Initiative; G.
Sonnemann, University of Bordeaux / The Life Cycle Group CyVi; A. Ciroth; S.
CHEN, SIRIM Berhad; T. Braga, IBICT; N. Poolsawad, National Metal and
Material Technology Center MTEC / LCA Lab; J. Mungkalasiri, MTEC; F.
Boureima, L. Mila i Canals, UNEP

Introduction The UNEP/SETAC Life Cycle Initiative has developed the Global
Guidance Principles for LCA databases [1] that describes guidelines for LCA
databases to be interoperable and of adequate quality. To reflect thoses Principles,
a review of 40 datasets has been conducted with UNEP support by independent
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LCA experts. Review process, timeline and criteria The whole effort had to be
delivered in a set and limited timeline of six months and covered 40 datasets from
emerging economies, 20 from Malaysia, 10 from Brazil and 10 from Thailand.
The intent of the review was not to validate or not the sufficient quality of the
datasets for publication, but rather to encourage improvements, either prior to
publication or as part of a continuous improvement cycle. The developed review
process consisted especially in 1) developing a set of review criteria for this
specific effort, ii) establishing a non-disclosure agreement (NDA) between the
data provider and reviewer and iii) providing a review report for each dataset that
assesses the presence, magnitude, and implications for qualifying usage regarding
deficiencies relative to the criteria, and iv) synthetizing a report on the review that
overviews the effort, and integrates lessons learned. Results and discussion This
exercise has been conducted in the given timeframe for the majority of the
datasets. Challenges have been faced along the way, and among them : - Agreeing
on NDA with data providers took more time than expected, due to countries’
specific requirements; - Need for sufficient information: datasets have to be
provided with detail of underlying unit processes, accompanied by the detailed
description of what has been modelled and how; - The developed set of criteria for
this exercise are not final review criteria for datasets: they are acknowledged as a
starting point for further debates and improvements that should involve the broad
LCA community. - Another question of interest raised during this exercise is the
confidentiality of the data. Conclusions This hands-on exercise provided some
valuable insights into the road towards global consensus and guidance on data
review. Beyond this time-constrained effort, a broader discussion and consensus at
international level on the review of datasets and a continuous effort in reviewing
datasets is desirable. References [1] 2011. Global Guidance Principles for Life
Cycle Assessement databases Paris, France. UNEP. 160 p.

Contaminants of Emerging Concern in the Environment and
their Management (lll)
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Investigating the Occurrence and the Fate of UV filters in Swimming Pools
T. Manasfi; B. Coulomb, J. Boudenne, Aix Marseille Université

Chemical UV filters belong to emergent organic compounds that are turning out to
be a sticking point for both environmental and health concerns. Today, these
compounds are used in increasing quantities and can be found in various
environmental media. However, little is known about the occurrence of UV filters
in seawater swimming pools and about their reactivity in presence of disinfectants
such as chlorine. Determining the concentrations of UV filters in swimming pools
and their transformation products is paramount to any risk assessment
consideration especially that their potential halogenated byproducts could be
toxic. For this reason, samples from two seawater swimming pools located in
Southeastern France were analyzed to determine the concentrations of 5 widely
used UV filters, namely dioxybenzone, oxybenzone avobenzone, octocrylene, and
2-ethylhexyl-4-methoxycinnamate (OMC). Additionally, the reactivity of the UV
filters in the presence of different molar ratios of chlorine in seawater was
examined and their byproducts were identified through laboratory-setting
experiments. Samples were treated using liquid-liquid extraction and analyses
were performed using ultra performance liquid chromatography-quadrupole
time-of-flight mass spectrometer (UPLC/Q-ToF-MS) and using gas
chromatography coupled to an electron-capture detector (GC-ECD). Identification
of byproducts was conducted by accurate mass measurements. MS-MS
experiments were also performed to elucidate structures of the found compounds.
This work showed that the levels of UV filters in swimming pool samples varied
considerably from one compound to another and from a pool to another. Samples
from the non-chlorinated pool contained more than one UV filter while in the
chlorinated pool only octocrylene was detected. The reactivity/stability of the UV
filters also varied depending on the compound’s structure. While dioxybenzone
and oxybenzone were found to be the most reactive with chlorine, octocrylene was
stable and did not react with chlorine even in presence of high levels of the latter.
These differences in reactivity with chlorine among the UV filters might explain
the results of the occurrence of UV filters in the chlorinated pool samples with
only the stable UV filter octocrylene being detected. Chlorination by-products of
the reactive UV filters were identified for the first time in this study and
transformation pathways were proposed based on the identified byproducts.
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Efficiency of reactive oxygen species in the degradation of the main synthetic
musk compound: HHCB

1. lanceleur, IPREM CNRS UPPA / IPREM UMR CNRS; J. Cavalheiro, T.
Pigot, IPREM UMR CNRS UPPA / IPREM UMR CNRS; M. Monperrus,
Laboratoire de Chimie Analytique Biolnorganique et Environnement LCABIE
Synthetic musk compounds are the dominant artificial fragrance compounds used
as substitutes for natural musks. Due to their extensive use in personal care and
household products, they are produced at the tonnage scale, which placed them on
the list of chemicals for priority action (OSPAR, 2000). Recently, synthetic musks
have raised considerable attention due to their persistence in the environment and
hazardous potential to ecosystems even at low concentrations. Wastewater
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treatment plants (WWTPs) represent the major route of musk contamination into
the aquatic environment. It has been recognized that these substances are only
partially degraded during treatment process, and little is known about their
transformation products that should be included in all assessments concerning
musks’ fate and toxicity. The aim of this work was to investigate the occurrence of
synthetic musk compounds and their degradation products in WWTPs and to
evaluate their fate during treatment processes. Experimentally, new advanced
oxidation processes have been also evaluated for the degradation of the main
synthetic musk compound (HHCB Galaxolide®). Several treatments combining
oxidative and photochemical processes have been tested and the
formation/degradation of products were investigated using time series
experiments. The results have identified efficient degradation pathways for
wastewater treatment and highlight the need to focus on degradation products and
their potential toxicological effects.
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Comparison of UV/H202 and UV/S208 2- photolysis efficiency for the
removal of estrogens in treated wastewater: chemical and biological
assessment.

B.CEDAT, COMAP/INSA Lyon / LGCIE; h. metivier, C. de Brauer, INSA
LYON

Conventional Wastewater Treatment Plants (WTPs) are not designed to treat
organic micropollutants and can only partially degrade them. Amongst hundreds
of detected molecules, endocrine disruptors compounds (EDCs) are found at very
low concentrations (in the ng/L range) but often sufficient to induce biological
effects due to their high estrogenic potency. The natural estrogens, estrone (E1),
17B-estradiol (E2) and the synthetic one, 17a-ethinylestradiol (EE2) are the most
active and commonly found estrogens in wastewater. In a near future, WTPs will
have to be upgraded as they are a major cause of EDCs discharge in the
environment. Previous studies pointed out that UV/H?O? process was a feasible
way to remove estrogens from surface water and wastewater in terms of removal
efficiency and energy consumption. However, attention has been recently paid to
sulfate radical-based advanced oxidation process. Endocrine disruptors such as
Bisphenol A were shown to be better degraded by UV/S,0¢* than UV/H?0? but
no study have been conducted using UV/S,04” photolysis for the oxidative
removal of E1, E2 or EE2. Therefore, in the present study, UV/H?0? and
UV/S,0¢* photolysis using a commercial low pressure (A=254nnm) reactor were
compared for the removal of a mixture of three hormones (E1, E2 and EE2) under
semi-real conditions. Global estrogenic activity and single compound degradations
were measured at the same time. The formation of various by-products that could
potentially be more toxic or estrogenic than the original compound were assessed
by YES bioassay (estrogenic activity) and Vibrio fischeri bioassay (acute toxicity)
for each treatment in treated wastewater. Treated wastewater was obtained from a
local WTP (Feyssine, Lyon) and spiked with hormones at 5 xM. Hormones
removal was measured by UHPLC-UV. UV in combination with H?O? or
Persulfate led to a fast estrogenic activity removal. However, global estrogenic
degradation constant was 2 .43 times faster following UV/S,0s” photolysis than
UV/H?0? photolysis. Degradation constants of single compounds were between
2.34 (E1) and 3.9 (E2) faster following UV/S,0¢* treatment. Both treatment could
enhance hormones and global estrogenic activity removal at the same time but
UV/S,05> was more efficient at equimolarity. No estrogenic or toxic by-products
were detected.
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Advantages of wastewater treatment plant upgrading with additional
activated carbon for ecosystem health

S. Wilhelm, Universitit Tiibingen / Department of Biology Animal Physiological
Ecology; A. Henneberg, D. Maier, University of Tuebingen / Department of
Biology Animal Physiological Ecology; R. Triebskorn, University of Tuebingen /
Animal Physiological Ecology

Aquatic organisms have to cope with a variety of anthropogenic substances
continuously released into the aquatic environment. In order to reduce surface
water pollution, new wastewater treatment plant technologies have been
developed during the last years. However, little is known about their efficiency
with respect to ecosystem health. The BMBF project SchussenAktivplus
examined the efficiency of different wastewater treatment technologies and the
resulting advantages for the ecosystem. For this purpose, different chemical and
biological analyses were conducted prior to and after the application of new
technologies to several wastewater treatment plants and rainwater overflow basins
connected to the Schussen River, a major tributary of Lake Constance. Another
tributary, the Argen River, served as a reference. The present study is integrated
into the follow-up project SchussenAktivplus+ and focuses on the long-term
effects of the additional activated charcoal stage at the wastewater treatment plant
Langwiese (Ravensburg, Germany) for the ecosystem of the Schussen River, with
special focus on fish health. In order to assess endocrine and toxic effects in fish,
different biological analyses were conducted prior to and after the upgrade. Thus,
the induction of vitellogenin, the induction of micronuclei in blood cells, EROD
activity, and fish development were examined. Overall, the results imply a
positive impact of the additional activated charcoal stage for the ecosystem of the
Schussen River.
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Biological treatment of micropollutants in drinking water resources

J. Wittebol, M.H. Wagelmans, Bioclear

Contamination of drinking water resources is becoming a threat that is particularly
widespread. Micropollutants are emerging substances in surface and groundwater
causing contamination of drinking water resources and ultimately to closing down
groundwater abstraction wells. BIOTREAT is a European project in which
sustainable biotechnologies are developed for remediation of drinking water
resources based on bioaugmentation, introduction of specific degrading
microorganisms or microbial consortia into existing sand filters at waterworks or
mobile filters. The compound BAM (2,6 Dichlorobenzamide) was chosen as
model compound. Based on results of laboratory tests, a total of 6 submerged
sandfilter columns were operated, of which 2 none-inoculated controls and two
columns that were exposed to 1 g/ BAM and two to 30 pg/L BAM (all
inoculated with MSH1). Start-up retention time was 120 hours and the operation
time of the experiment was 240 hours. No back-flushing was applied. Results
show that in the 1 pg/LL BAM exposed columns, BAM degradation up to 72% was
established. In the 30 pg/L BAM exposed columns, 99% degradation was
achieved. Well relocation is the cheapest scenario in case of pollution with
micropollutants. But the well replacement scenario is only cheaper if the new well
is placed within a few kilometers from the water production plant (3.5 kilometers
for the 800,000 m® water production per year). If clean water is more than a few
kilometers away, implementing a BAM removal strategy becomes the best
solution. For the large drinking water production volumes a GAC filter is the
cheapest BAM removal technique. BIOTREAT bio-augmentation technology +
carrier is the most attractive technology for small scale drinking water production
plants. Compared to traditional physicochemical technologies, biological
technologies have the advantage that: - Natural resources are used. - No harmful
chemicals are used, use of contaminated groundwater for drinking water
production is made possible which otherwise might remain unused. - Application
is low cost compared to traditional physicochemical technologies. - Technology is
plug and play. No additional infrastructure needed at waterworks. - Compound
specific removal is possible. Based on a production facility of 800.000 m’ per year
the operating costs for these technologies, bioaugmentation and bioaugmentation
+ carriers, are € 0.20/m® and € 0.11/m’ respectively.
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Triclosan, triclocarban and parabens in greywater: identification of their
sources.

s. zedek; A. Bressy, S. Deshayes, Paris-Est University / Leesu; V. Eudes,
Labratoire Central de la Préfecture de Police; E. Caupos, Université ParisEst
LEESU UMRMA UPEC ENPC AgroParisTech UPEMLYV / Leesu; R. Moilleron,
Paris-Est University / Leesu

The use of soaps, shampoos or other personal care products (PCPs) generates
discharges of chemicals into the environment through grey- and wastewater.
Among these chemicals, parabens (PBs), triclosan (TCS) and triclocarban (TCC)
are widely used in the composition of PCPs but also in sportive clothes,
pharmaceuticals and food products as antiseptic or conservative. In a previous
study several kinds of greywater from shower, washbasin, manual dishwashing,
dishwasher and washing machine have been analyzed. The key lessons
highlighted by this work were that (i) greywater strongly contributes to the
contamination of wastewater and (ii) washbasins, showers and more surprisingly
washing machines are the main contributors (in loads, pg/inhabitant/day) to the
contamination of wastewater. PCPs are not therefore the only source of parabens
and triclosan in wastewater: dishwashing and washing machine samples appeared
as contaminated as shower samples. To reduce micropollutants at source, a better
knowledge of the origin of greywater contamination is needed. The identification
of the origin of the contamination was assessed through the decomposition of
waters from washing machine (n=4) and shower (n=4) into four types of samples
(1,2, 3 and 4). Consequently, several potential sources were investigated:
washing machine: tap water (1), washing machine (2), laundry products (3) and
clothes (4); shower: tap water (1), bathtub (2), personal care products (3) and
volunteer (4). First, whatever the compound, the tap water appears to be not or
very slightly contaminated by TCC and PBs. In the same way, the contribution of
the bathtub appears to be negligible. Concerning MeP, EtP and PrP, the main
contributors are the products (55, 68 and 62 % respectively) and the body (39, 32
and 35 % respectively). For BzP and TCC, products are the only source of
contamination. PBs and TCC are used as antiseptic or conservative in numerous
PCPs, including toothpastes, soaps, deodorants and cosmetics products which led
to the important contribution of products to the whole contamination. However,
the striking contribution of the body was more surprising meaning that an
important part of the contaminants (MeP, EtP and PrP) arises from the skin. Three
hypothesis have been advanced to explain our results: after the use of PCPs, a part
remains on the skin; a deposition on the skin of air dust containing PBs and TCC;
and a transfer of contaminants from clothes to skin.

Ecotoxicology and risk assessment of nanomaterials -
Interactions at nano-bio interface ()
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Tracking nanomaterial targeting and uptake by SUSTU, protein corona
surface proteomics

S. Cristobal, Linkoping University / Department of Cl and Exp Medicine Cell
Biology; A. Farinha, Linkoping University / Clinical and Experimental Medicine
Cell Biology; N. Bayat, Stockholm University / Biochemistry and Biophysics; J.
Kuruvilla, Linkdping University / Clinical and Experiemental Medicine

The nanosafety of any newly developed nanomaterial should be studied through
its evolution and aging upon interaction with environmental or biological samples
rather than at the stage of newly synthesized entity. One of those key elements is
the understanding of the nano-bio-eco interphase. The nature of the protein corona
(PC) in contact with different biological environments has been extensively
reported [1-3]. Nevertheless, less few studies addressed the evolution of the PC in
terms of how the transition from an extra- to intra-cellular environment can
modulate its biological identity and physicochemical properties [3, 4]. By
understanding the key questions to be addressed from a new synthesized
nanomaterial we can focus our analysis in the minimal set of data that would
provide that information. Following this shortcut strategy we have developed,
SUSTU, a surface proteomic method for tracking nanoparticle targeting, uptake
and safety based on nanoparticle protein corona. The objective of this work are: i)
develop methodologies that can define the specific enrichment of the PC surface,
and iii) integrate MS-based PC data to develop nanointeraction tools for
nanosafety. The method developed is highly reproducible between biological and
experimental replicates. The key steps has been considered in the method
development to be able to compare the data from the entire corona to the surface.
By comparing the quantitative analysis of entire protein corona to the surface
protein corona, we confirmed that the distribution of proteins in the surface is
followed different pattern than in the entire corona. The protein concentrated in
the surface are not equally distributed in the internal core of the corona. We could
define a set of proteins that could be involved in targeting and other set that are
not exposed to interaction with biological systems. We discussed the biophysical
difference among the proteins composing the surface and the entire corona and the
biological implication at the level of targeting and uptake capability and
nanosafety at destiny.
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Algal toxicity of platinum nanoparticles - Implications of NP aggregation,
dissolution and shading

S.N. Sgrensen, DTU Environment / Department of Environmental Engineering; C.
Engelbrekt, Technical University of Denmark / Department of Chemistry; H.
Liitzhgft, Technical University of Denmark / Department of Environmental
Engineering; J. Jiménez-Lamana, University of Geneva / Section of Earth and
Environmental Sciences Institute Forel; J. Noori, Intelligent Pollutant Monitoring;
F. AlZahraa Alatraktchi, Technical University of Denmark / Department of Micro
and Nanotechnology; C. Giron Delgado, Technical University of Denmark; V.
Slaveykova, University of Geneva / Section of Earth and Environmental Sciences
Institute Forel; A. Baun, DTU Environment / Department of Environmental
Engineering

Platinum nanoparticles (PtNPs) are used in automotive catalytic converters and
emitted to the environment during use. The resulting aquatic toxicity of PtNPs
remains largely unknown. Algal growth rate inhibition has been reported,
however, this endpoint is substantially influenced by PtNPs shading effects, and it
is unclear if any toxic mechanism(s) are involved. Present study elucidates the
mechanisms involved in the algal growth inhibition caused by PtNPs by
comparing different toxicity endpoints in two algal species and media, including
influence of NP shading, dissolution, aggregation, and adhesion to algal cells.
Algae were exposed to PtCl, and 5.7 nm starch stabilized PtNPs in standard
growth rate inhibition tests (ISO 8692:2004) with 48h incubation and a 2h
C-assimilation test with the green algae P. subcapitata and C. reinhardtii. Shading
effects were studied using a double-vial setup, containing algal cells in inner vials,
surrounded by PtNPs in larger outer vials. After 2, 24 and 48h, oxidative stress
and cell membrane damage were determined by flow cytometry and body burdens
of PtNPs (Pt mass/cell) determined using a coulter counter and ICP-MS analysis
of cells captured on filters. Characterization included size distribution (AsFIFFF,
NTA, DLS), dissolution (ultracentrifugation), sedimentation (UV-VIS) and abiotic
ROS generation (fluorescent dye, UV-VIS). PtNPs inhibited growth rates of the
algae in the standard test and slightly less in the double-vial shading setup,
suggesting that shading occurs but that PtNPs inhibits growth by other means than
shading. In the 2h C-assimilation test, inhibition was similar using the standard or
the double-vial setups, thus inhibition was solely ascribed to shading, making this
test inappropriate for testing PtNP-toxicity. If PtNP concentration-response curves
were based on dissolved fractions, higher toxicity was found than accounted for
by the ionic Pt, suggesting a NP-specific effect. P. subcapitata was more sensitive
to PtCl; and PtNPs and was shaded more, than C. reinhardtii, which correlates
with a greater measured body burden of PtNPs in P. subcapitata, which again
might be related to less PENP aggregation in the ISO media. PtNPs caused
extensive oxidative stress, but little membrane damage. P. subcapitata was less
affected than C. reinhardtii, which is opposite to the growth rate inhibition tests.
Thus, growth rate inhibition and oxidative stress do not appear linked in a straight
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forward manner.
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Mechanistic understanding toward the toxicity of graphene-family materials
to freshwater algae

Z. Wang, J. Zhao, H. Zheng, X. Luo, Ocean University of China; B. Xing,
University of Massachusetts - Amherst / College of Natural Sciences

In this work, we systematically investigated the toxicity of graphene-family
materials (GFMs) including graphene oxide (GO), reduced graphene oxide (rGO)
and multi-layer graphene (MG) to alga (Chlorella pyrenoidosa). GFMs exhibited
much higher toxicity than other carbon materials (e.g., carbon nanotube and
graphite), with the 96 h median effective concentration (ECs) values of 37 (GO),
34 (rGO), and 62 (MG) mg/L. Heteroagglomeration between GFMs and algal
cells contributed to algal growth inhibition. rGO and MG were easier to
agglomerate with alga than GO. Cell membrane was damaged after GFMs
exposure as indicated by the increased leakage of K* and DNA, and rGO caused
the highest damage. Oxidative stress and physical penetration were responsible for
the observed membrane breakage. For GO, shading effect contributed
approximately 17% of growth inhibition due to its higher dispersibility while the
other GFMs did not show any shading effect. All the three GFMs adsorbed
macronutrients (N, P, Mg, and Ca) from the algal medium, leading to nutrition
depletion and indirect toxicity. For GO, rGO, and MG, the contribution of
nutrition depletion to growth inhibition was 53%, 35%, and 27%, respectively.
The information provided in this work will be useful for understanding the
environmental risk of graphene materials in aquatic environments.
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Internalization and toxicological mechanisms of uncoated and PVP-coated
cerium oxide nanoparticles in the freshwater alga Chlamydomonas
reinhardtii

G. Pulido-Reyes, Universidad Auténoma de Madrid; S.M. Briffa, University of
Birmingham / School of Geography Earth and Environmental Sciences; F.
Leganes-Nieto, Universidad Auténoma de Madrid / Biology; V. Puntes, Institut
Catala de Recerca i Estudis Avangats ICREA / Experimental Science and
Mathematics; E. Valsami-Jones, University of Birmingham / School of
Geography Earth and Environmental Sciences; R. Rosal, University of Alcala; F.
Fernandez-Pifias, Universidad Auténoma de Madrid / Biology

Cerium oxide nanoparticles (CNPs, nanoceria) are increasingly used in industrial
applications and may be released to the aquatic environment, where the exposure
of aquatic organisms becomes likely. There are contradictory reports on whether
nanoceria may act as an oxidant causing toxicity[ 1] or as an antioxidant being able
to scavenge free radicals[2], given that the toxicological behaviour of these
nanoparticles is still poorly understood. Moreover, little is known about the
internalization process of CNPs in algae. There is evidence of CNP-internalization
by Chlamydomonas reinhardtii (C. reinhardtii), but the internalization mechanism
and route of uptake are still unknown[3]. In this study, we used an uncoated and
different polyvinylpyrrolidone-coated CNPs (the purpose of the coating being to
improve their stability, by inhibiting aggregation) with the aim of identifying their
internalization and toxicological mechanisms. Monodispersed nanoparticles were
synthesized and physicochemically characterized both in distilled water and the
exposure media. Nanoparticles coated with PVP, irrespective of PVP molecular
weight, had higher growth inhibition to C. reinhardtii than bare CNP. PVP-CNPs
significantly increased ROS formation in exposed cells, indicating that oxidative
stress might be an important toxicity mechanism. Interestingly, there was evidence
of membrane disruption upon nanoparticle exposure, suggesting that membrane
permeability might increase; thus, allowing internalization of nanoparticle. At
present, the mechanisms of CNP-internalization are under thorough study. 1.
Pulido-Reyes G, Rodea-Palomares I, Das S, Sakthivel TS, Leganes F, Rosal R et
al. Untangling the biological effects of cerium oxide nanoparticles: the role of
surface valence states. Scientific Reports. 2015;5:15613. doi:10.1038/srep15613.
2.Das M, Patil S, Bhargava N, Kang J-F, Riedel LM, Seal S et al. Auto-catalytic
ceria nanoparticles offer neuroprotection to adult rat spinal cord neurons.
Biomaterials. 2007;28(10):1918-25. 3. Taylor NS, Merrifield R, Williams TD,
Chipman JK, Lead JR, Viant MR. Molecular toxicity of cerium oxide
nanoparticles to the freshwater alga Chlamydomonas reinhardtii is associated with
supra-environmental exposure concentrations. Nanotoxicology. 2015:1-10.
doi:10.3109/17435390.2014.1002868. Acknowledgement - This research was
supported by CTM2013-45775-C2-1-R and CTM2013-45775-C2-2-R grants from
MINECO.
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Silver nanoparticles vs. dissolved silver toxicity to Daphnia magna: Unique
modes of action?

K.B. Paul, Blue Frog Scientific Limited / SLS; D. Brown, Heriot-Watt University;
D. Carson, Blue Frog Scientifiic Limited; T.L. Hargreaves, Blue Frog Scientific
Ltd / Environmental Science Ecotoxicology; V. Stone, Heriot-Watt University /
School of Life Science; T.F. Fernandes, Heriot-Watt University / School of Life
Sciences

Disturbances in genes or biochemical regulation of an organism can often be seen
at lower doses or on shorter time scales than whole body effects, and are a
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precursor for whole body manifestations of a toxicant and population level effects
therein, and thus are detected sooner than such endpoints as immobility. If we are
able to predict effects prior to whole body manifestations through more sensitive
screening we are able to better protect the environment. For nanoparticles (NPs)
the best biochemical endpoints, and those most relevant to highlight exposure to
NPs, still remain elusive. For instance, it is still uncertain if silver NPs (Ag NPs)
have a distinct mode of action (MOA) from dissolved Ag (d-Ag) within the
aquatic environment; this is despite a large body of research. d-Ag acts at the
Na'K*-ATPase ligand, causing osmoregulatory failure and mortality mainly
through an imbalance of sodium and potassium. Many NP studies show that
oxidative stress may be the main driver of NP toxicity. Contradictory research
often arises from researcher postulation based on standard test results (i.e.
mortality/ reproductive tests) coupled with interpretation of the NP
physicochemical characteristics with no evidence at the biochemical level of the
interaction at the biophysical interface, or indeed if there is a common interaction
interface between the two forms. Here we used a series of biochemical tests to
identify differences and/or similarities between Ag NP and d-Ag toxicity and their
MOA, in particular we measure whole body cation levels to see if distinct MOA
were present from that traditionally noted for d-Ag. We also assess if the degree of
effect correlates with the degree of effect seen for 3 different Ag NPs and
dissolved silver (as AgNOs3) in acute bioassays. d-Ag caused physiological
perturbations in cation levels as previously noted in the literature. Ag NPs affected
mitochondrial function which led to perturbations in ATP and increased super
oxide with a concurrent rise in super oxide dismutase in cellular defence. The
degree of effect for immobility and biochemical changes were similar in some
instances. Based on the results we present a flow chart of possible physiological
reactions which lead to eventual population impacts. We discuss the possibility of
a common MOA across many species based on the current state of knowledge for
Ag NPs. Such knowledge may lead to more specific and better testing strategies
for Ag NPs.
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Development of a multimodal imaging approach of Ag-NP interactions with
Raphidocelis subcapitata

R. Sekine, NERC Centre for Ecology and Hydrology / Ecotoxicology; K.L.
Moore, The University of Manchester / School of Materials; M. Matzke, Centre
for Ecology & Hydrology (NERC) / Molecular Ecotoxicology; E. Donner,
University of South Australia / Centre for Environmental Risk Assessment and
Remediation; C. Svendsen, CEH, Wallingford / Pollution and Ecotoxicology; C.R.
Grovenor, The University of Oxford / Department of Materials; E. Lombi,
University of South Australia / Future Industries Institute

Abstract Nanotechnology has seen tremendous advances over the last few
decades and has found applications in a diverse spectrum of industries, ranging
from cosmetics, medical diagnostic imaging, and forensics, to energy and
catalysis. These applications exploit the unique properties that arise when
materials are manufactured at the extremely small size that is referred to as
‘nanoscale’. Importantly, it is now recognised that due to their small size and high
surface area, engineered nanomaterials (ENM) may interact in a distinct manner
with living organisms in the environment. However, techniques that are capable of
elucidating the interactions of ENMs with livings systems (the bio-nano
interactions) are currently critically limited and are in high demand [1]. This is a
serious research challenge given the inevitability of ENMs release into the
environment by the development and use of ENM-containing products. The aim
of this study was to develop a methodology enabling imaging of bio-nano
interactions between silver nanoparticles (Ag-NPs) and the algae Raphidocelis
subcapitata, a model organism in toxicity studies. Of the thousands of ENMs that
have been identified in the consumer market [2], Ag-NPs dominate in their
occurrence and are hence the most likely ENMs to enter the environment. Silver is
known to be toxic towards a variety of organisms, and for this reason their risk
assessment has been of particular focus in many studies. We used a multimodal
approach combining dark-field light microscopy, scanning electron microscopy
(SEM) and nanoscale secondary-ion mass spectrometry (NanoSIMS) imaging to
investigate the interaction of surface functionalised Ag-NPs with the R.
subcapitata cells. By using the dark-field light microscope and high resolution
SEM, we identified the presence of Ag-NPs in the peripheral of the algae, and
confirmed its chemical identity using NanoSIMS imaging. The advantages and
limitations identified for each technique in determining the localisation of NPs in
single organisms will be presented and directions for future improvements in this
combined approach will also be discussed. References [1] Schaumann, G. E.;
Philippe, A. et al., 2015 Understanding the fate and biological effects of Ag- and
TiO(2)-nanoparticles in the environment: The quest for advanced analytics and
interdisciplinary concepts. Sci Total Environ, 535: 3-19.\n [2] Forbrugerradet
Tank The Nanodatabase. http://nanodb.dk/en/, Accessed [24/11/2015].

Flame Retardants: Alternatives, Environmental Fate and
Toxicity (1)

121
From clothing to laundry water: Investigating the fate of flame retardants
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and plasticizers sorbed to fabrics.

A. Saini, University of Toronto / Department of Physical and Environmental
Sciences; C. Thaysen, University of Toronto; L.M. Jantunen, Environment
Canada / Air Quality Processes Research Section; R. McQueen, University of
Alberta; M.L. Diamond, University of Toronto / Department of Earth Sciences
Our indoor environment contains large inventory of products that contain
semi-volatile chemicals of concern such as flame retardants and plasticizers. Over
time, these chemicals, which are added but not chemically bonded to polymers,
are released from those products and accumulate in the various media within the
indoor environment such as dust and fabrics. We report on first, the partitioning
from air-to-fabric and then the loss of chemicals sorbed onto fabrics through
laundering. Analytes of interest were organophosphorus (OPFRs) and brominated
flame retardants (BFRs) and phthalates. Cotton and polyester fabrics were
deployed in an office at University of Toronto for 30 days followed by their
laundering and analysis by GC-MS to compare total mass sorbed, mass released in
laundry water, and mass remaining on fabrics after laundering and drying. Results
showed that fabrics accumulated all analytes tested. More than >70% of sorbed
OPFRs, such as TCEP and TCPP, were lost from fabric to laundry water whereas
this value was < 10% for BFRs. Rather, BFRs remained sorbed to fabrics after
laundry and drying. These results are interpreted in terms of chemical fate indoors
and outdoors. The results can explain, in part, the source of elevated
concentrations of OPFRs in waste water streams and eventually receiving surface
water bodies (e.g., Schreder et al. 2014). Thus, our clothing (or fabrics) can act as
a pathway for ecosystem exposure and/or transfer of COCs from indoors to
outdoors.
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Organophosphate and Brominated Flame Retardants in Human Hair and
Nails

A. Salamova, Indiana University / SPEA; L. Liu, Indiana University / School of
Public and Environmental Affairs; K. He, Indiana University / School of Public
Health; R.A. Hites, Indiana University / School of Public Environmental Affairs
After the phase-out of polybrominated diphenyl ethers (PBDEs), the use of
alternative flame retardants (AFRs), such as FireMaster 550, and of
organophosphate esters (OPEs), has increased. However, little is known about
human exposure to these chemicals. This lack of biomonitoring studies is partially
due to the absence of reliable non-invasive biomarkers of exposure. Human hair
and nails can provide integrated exposure measurements, and as such, these
matrices can potentially be used as non-invasive biomarkers of exposure to these
flame retardants. Paired human hair, fingernail, toenail, and serum samples
obtained from 50 adult participants recruited at Indiana University Bloomington
were analyzed by gas chromatographic mass spectrometry for 36 PBDEs, 9 AFRs,
and 12 OPEs. BDE-47, BDE-99, 2-ethylhexyl-2,3 4,5-tetrabromobenzoate (TBB),
di(2-ethylhexyl) tetrabromophthalate (TBPH),
tris(1,3-dichloro-2-propyl)phosphate (TDCIPP), and triphenyl phosphate (TPHP)
were the most abundant compounds detected in almost all hair, fingernail, and
toenail samples. The concentrations followed the order: OPEs > TBB+TBPH >
Ypenta-BDE. PBDE levels in the hair and nail samples were significantly
correlated with their levels in serum (P < 0.05), suggesting that human hair and
nails can be used as biomarkers to assess human exposure to PBDEs.
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Impurities of resorcinol bis(diphenyl phosphate) in plastics and in dust

A. Ballesteros-Gomez, VU University Amsterdam / Chemistry and BiologyIVM; .
AragAn, VU University Amsterdam / IVM Chemistry and Biology; N. Van den
Eede, University of Antwerp, Toxicological Center; J. de Boer, VU University
Amsterdam / Institute for Environmental Studies; A. Covaci, University of
Antwerp, Toxicological Center / Toxicological Center Dept of Pharmaceutical
Sciences

Flame retardants are added to a variety of materials (electronic equipment, textile,
furniture, etc.) in order to prevent quick combustion and to delay the spread of
fire. After the phase-out of polybrominated diphenyl ethers (PBDEs), phosphorus
flame retardants (PFRs) have been increasingly used as suitable alternatives.
However, concern about their widespread presence and potential toxicity has also
increased in the last years.Resorcinol bis-(diphenylphosphate) (RDP) is a PFR
widely used in electric and electronic equipment and ubiquitous in house dust
according to recent literature. Similar to other flame retardants, RDP formulations
and products treated with RDP can contain impurities, byproducts and breakdown
products that could influence the total toxicity of RDP formulations. In this study,
we investigate the presence of RDP impurities in plastics from
electrical/electronic equipment and in indoor dust collected on electronics, in
order to study the possible migration of these compounds into the environment. A
variety of RDP-related products, such as meta-HO-triphenyl phosphate
(meta-HO-TPHP), RDP with the loss of a phenyl ring (RDP-[Phe]) and
meta-HO-RDP were observed in both plastic and dust samples collected
on/around electronics. Regarding the dust samples (n=30), the detection frequency
of the compounds were in the order TPHP (n=30), RDP (n=27), meta-HO-TPHP
(n=25), RDP-[Phe] (n=8) and meta-HO-RDP (n=5). The concentrations measured
in dust for the three compounds for which standards were available (222-50,728
ng/g for TPHP, 23-29,118 ng/g for RDP and 20-14,227 for meta-HO-TPHP) are

SETAC Europe 26th Annual Meeting Abstract Book



in agreement with those previously reported for RDP and TPHP and for other FRs
in samples collected on/around electronics . The high levels of RDP, TPHP and
meta-HO-TPHP (reaching the g/g levels) that were found in some of the dust
collected on electronics suggest that dust could be a significant route of human
exposure to these compounds via ingestion/dermal adsorption. This could happen
especially when touching these surfaces, e.g. switching on a TV or a router.
Giving these first results, more data on the presence and potential toxicity of
meta-HO-TPHP (and of other RDP impurities) is necessary in future monitoring
studies to assess the human exposure and risks of RDP related compounds.
Besides, due to its specificity and ubiquity as RDP impurity, meta-HO-TPHP
could be a suitable marker/tracer of RDP
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Toxicological mechanisms of current flame retardants

B. Krivoshiev; F. Dardenne, Universiteit Antwerpen; R. Blust, University of
Antwerp / Systemic Physiological and Ecotoxicological Research Department of
Biology; A. Covaci, University of Antwerp, Toxicological Center / Toxicological
Center Dept of Pharmaceutical Sciences; S. Husson, Systemic Physiological and
Ecotoxicological Research group - University of Antwerp

Flame retardants (FRs) are chemicals produced at high volume that are introduced
to nearly all manufactured materials with the purpose to limit fire hazard. Given
their persistence and potential to bioaccumulate, the compounds have been found
in serum and breast milk. Toxicological data is largely limited to monitoring
classical endpoints such as measuring lethal dose values. Therefore there is little
insight into their molecular modes of action that may give rise to their toxic
phenotypes. Additionally, some previously-used FRs have been shown to elicit a
wide range of toxicological effects and have thus been banned from use. Given the
structural similarity to their toxic predecessors, their persistence, bioaccumulation,
and lack of insight of toxicological and molecular mechanisms, currently-used
FRs pose a significant risk. We therefore used a bacterial gene profiling assay to
screen 12 currently-used FRs as to obtain mechanistic insights of toxicity.
Bacterial biosensors are frequently used to assess ecotoxicological impacts of
compounds since they are particularly useful in compound screening and
classification according to mode of action. The assay consists of 12 bacterial
reporters (Escherichia coli) responsive to oxidative stress, protein degradation,
DNA damage, membrane damage, and growth arrest. Both brominated and
organophosphate FRs were tested. Nearly all compounds showed significant
inductions in a majority of stress genes when compared to control treatments.
When observing only raw absolute induction levels, the stress genes ClpB, RecA,
and MicF were the only genes exhibiting fold inductions of greater than 2,
indicating that these compounds result primarily in protein, DNA, and membrane
degradation. However, accounting for the different induction potentials for each
stress promoter and clustering using hierarchical and k-means algorithms, clusters
corresponding to growth arrest and oxidative damage were also observed. This
indicates that FRs may result in a loss of protein, DNA, and membrane integrity
with generation of reactive oxidative species as the potential underlying
mechanism, in agreement with other studies. Finally, the lack of any notable gene
induction following DOPO treatment even at extremely high concentrations, along
with its excellent fire-retardation supports its increasing interest as an alternative
to halogenated FRs.
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Species differences in steroid hormone receptor responses

P. Olsson, S. Asnake, C. Modig, Orebro University / The Life Science Center
Endocrine disrupting chemicals present in the environment can have differences in
efficacy and potency when interacting with steroid hormone receptors from
different species. This is due to both species variations in sequence and
endogenous hormone utilization. There are a number of brominated flame
retardants (BFRs) for which there are no information on their interactions with
biological systems. We have been characterising BFRs using a combination of in
silico molecular modelling, in vitro assays and in vivo studies. In an in silico
analysis of 10 model BFRs we identified one of the test compounds,
1,2-dibromo-4 (1,2 dibromomethyl) cyclohexane (TBECH) as a partial androgen
receptor (AR) agonist. TBECH is an interesting compound as it has 4 different
diastereomers (a, B, v, 3) each with its own enantiomer. In a follow up study we
compared the efficacy and potency of the TBECH diastereomers and discovered
that TBECH-y3 exhibited the same efficacy and potency as the endogenous
androgen, DHT, while TBECH- af induced AR to about 30% of maximal activity.
Continued screening using in silico methodology has resulted in the discovery of
yet another group of BFRs that interact with the human AR. These are

2 A 6-tribromophenyl ether (ATE) and 2,3-dibromopropyl 2 4,6-tribromophenyl
ether (DPTE) and the metabolite 2-bromoallyl 2 4 ,6-tribromopheyl ether (BATE)
that we recently showed to be potent AR antagonists. As different species use
different androgens we then focused on determining the ability of these novel
BFRs to interact and regulate the activity of AR in different species as well as to
determine if they interact with other steroid hormone receptors in a
species-specific manner. TBECH was found to activate both the zebrafish AR and
the chicken. However, the activation potency was lower than that observed for the
human AR. TBECH-yd induced a 40% increase in zebrafish and only about 15%
in chicken. TBECH- af}, that showed about 30% induction in human AR showed
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minimal induction of zebrafish and chicken AR at the maximum TBECH
concentration. ATE, BATE and DPTE were equally potent at inhibiting AR
signalling in human, zebrafish and chicken. Following the identification of these
BFRs as AR agonists/antagonists we also used in silico modelling and analysis of
transcriptional regulation and observed that these compounds also regulate other
steroid hormone receptor pathways, including the oestrogen receptor and thyroid
receptor signalling pathways.
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Determination of the eco-toxicological risk of eluates of reactive flame
retardants

N. Bandow, Federal Institute for Materials Research and Testing / Contaminant
Transfer and Environmental Technologies; S. Gartiser, I. Heisterkamp, Hydrotox
GmbH; U. Kalbe, BAM Federal Institute for Materials Research and Testing /
Contaminant Transfer and Environmental Technologies

Flame retardants are increasingly used in consumer products as e.g. electronics
and furniture as well as in construction. Along with the increased usage, concerns
about negative effects of flame retardants on human health and the environment
have been raised. Concerning construction products one application for flame
retardants is the furnishing of steel structures with reactive flameproof coatings.
These coatings consist of a complex mixture of different chemicals, additives and
solvents. For the evaluation of the risk possibly posed by their application to the
environment, this whole mixture should be tested. Two different leaching tests
were applied according to DIN/TS 16637-2 (sample permantly submerged in
water) and DIN EN 16105 (immersion and drying cycles), respectively, which can
be used for plate-like products. Eluates were divided into subsamples for the
measurement of different parameters: pH-value, conductivity, total organic carbon
(TOC), cation and anion concentration. For screening of organic compounds,
aqueous samples were liquid/liquid extracted using three solvents with different
polarity (toluene, hexane and ethylacetate). GC-MS chromatograms were recorded
in the SCAN mode and mass spectra of the peaks were compared with spectras
stored in the NIST library. Eluates of leaching test accroding to DIN CEN TS
16637-2 showed low electrical conductivity (20 to 150 yS/cm) and low release of
cation and anions often near the LOQ. Diffferences could be observed for plates
treated with the reactive coating at both sides and plates coated only at one side,
while the other side is only furnished by the corrosive protection layer. Release of
TOC and Zn was approx twice or 10 fold higher in the case of plates coated on
one side. Furthermore, the comparison of the results for both types of plates
showed that a large portion of the released compounds originate rather from the
corrosion protection layer than from the reactive coating itself. Leaching tests
according to DIN EN 16105 have not been finished yet, but first results show that
the conductivity is much lower (1-4 xS/cm) than for the tests according to DIN/TS
16637-2 leading to the assumption that the release of compounds is lower. By
comparison of the mass spectra with library data, mainly organic solvents as
xylene, 1-methoxy-2-propanol acetate and n-btuyl carbamate have been
tentatively identified so far in the first test fraction done by DIN CEN TS
16637-2.

Microplastics in the environment: Sources, Fate and Effects

(i)
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Interactions of non-polar organic compounds with polyethylene and
polystyrene micro particles

T. Hiiffer, T. Hofmann, University of Vienna / Department of Environmental
Geosciences

Concerns about the presence of micro scale polymers (i.e., microplastics) in
environmental system are rapidly growing. Understanding the interactions
between microplastics and other contaminants is thus essential for evaluating the
materials’ fate. Additionally, sorption of organic compounds by microplastics is
one of the major processes as it may affect the compound distribution in sediments
and aqueous phases. However, there is currently little data on the sorption
potential of diverse sets of hydrophobic organic compounds/microplastics systems
that may occur in the environment. We applied a multi-phase sorption batch
method to investigate the sorption of seven organic compounds by two most
commonly found microplastics. Experimental sorption isotherm data by
polyethylene (PE) and polystyrene (PS) measured over several orders of
magnitude were fit to the non-linear Freundlich model to support mechanistic
interpretations of the results. Correlation between sorption coefficients by
microplastics and sorbates hydrophobicity indicates that hydrophobic interactions
are of major importance. Linear isotherms by PE shows that uptake was driven by
adsorption into the bulk polymer, while adsorption onto the surface seems to be
the dominant sorption mode indicated by non-linear isotherm data for PS.
However, the results emphasize that neither sorbate nor sorbent-specific
parameters sufficiently explain the observed difference in sorption alone.
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Chemical Adsorption of Hydrophobic Polycyclic Aromatic Hydrocarbons in
the Marine Environment onto Microplastic Polymers and Subsequent
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Desorption in a Simulated Gut

C.B. Crawford, University of the West of Scotland / Institute of Biomedical and
Environmental Health Research; M. Russell, Marine Scotland Science / Marine
Environmental Assessment; C. Ewins, B. Quinn, University of the West of
Scotland / Institute of Biomedical and Environmental Health Research

With an approximate degradation time of 450 years, plastic is one of the most
durable and persistent environmental contaminants in the modern world.
Production since the 1950s has increased prodigiously. In the marine environment,
photo-oxidative degradation and the abrasive action of waves progressively
degrade larger pieces of plastic into tiny polymer particles less than 5 millimetres
in diameter, termed microplastics. As a consequence of their small size,
microplastics are inadvertently ingested by ocean dwelling biota, particularly
susceptible filter feeders such as Mytilus edulis and many species of fish. This can
result in detrimental effects such as inhibition of gastrointestinal function and
feeding impairment. However, it has emerged fairly recently that microplastic
polymers collected from the marine environment have been found to have
Hydrophobic organic chemicals (HOCs), such as polycyclic aromatic
hydrocarbons (PAHSs), adsorbed onto their surface. Since marine organisms ingest
microplastics, it can be proposed that microplastics have the potential to act as a
transporter for the conveyance of hydrophobic persistent organic pollutants
(POPs), such as PAHs, into marine biota. PAHs are formed from incomplete or
inefficient combustion of organic material, diagenesis and biosynthesis. While
there is a consistent background level from forest fires and volcanic activity, a
significant fraction of PAHs present in the environment is due to anthropogenic
activities, such as internal combustion engines. Consequently, PAHs reach the
marine environment via sewage and industrial discharges, oil spillages and
deposition from the atmosphere. One particular characteristic of PAHs is their
susceptibility to ultra-violet light. However, pericondensed PAH structures are
more centrally condensed allowing them to withstand higher ultraviolet fluxes.
This results in a decrease in susceptibility to photodecomposition by ultraviolet
light and thus, resistance to degradation in the marine environment. Consequently,
microplastics can then adsorb these contaminants. Since many of the susceptible
organisms that ingest microplastics are located at the bottom of the food chain,
chemical adsorption provides a potential mechanism for the bioaccumulation of
contaminants in marine organisms and the potential trophic transfer of these
contaminants up the food web to larger organisms, and possibly humans.
Consequently, it is necessary to investigate this potential mechanism. \n
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Dioxin-like activity of compounds sorbed to 4 different plastic polymers
deployed in the San Diego Bay area

C. Schoenlau, M. Larsson, M. Lam, Orebro University / MTM research center
Department of Science and Technology; C.M. Rochman, UC Davis / Society of
Conservation Biology; A. Kaerrman, SCHOOL OF SCIENCE AND
TECHNOLOGY; M. Engwall, Orebro University / MTM research center
Department of Science and Technology

In the early 1970s plastic particles were detected in the marine system for the first
time and by the late 1990s over 180 species were reported to ingest plastic
particles. The occurrence of plastic litter in the marine environment poses not only
a physical threat to organisms via entanglement and ingestion, but also a
toxicological threat to wildlife. In recent years it has been demonstrated that
various anthropogenic environmental pollutants can be found on different types of
marine plastic debris. Most of these substances are considered as harmful to
humans and wildlife. They can act as mutagens, cancerogens and endocrine
disruptors and exert adverse health effects to organisms. The toxicological
potential of anthropogenic pollutants derived from marine plastic is a yet little
studied research area. In this study virgin plastic pellets of four different polymer
types, polypropylene (PP), polyvinylchloride (PVC), polyethylene terephthalate
(PET), and low-density polyethylene (LDPE) were deployed for nine and twelve
months in different sites of the San Diego Bay area. The plastic pellets were
extracted using hexane and ultra-sonication. Extracts were analyzed for their
dioxin-like activity in the H4IIE luc assay, a mechanism specific bioassay based
on a recombinant receptor/reporter vertebrate cell line, and chemical analysis of
23 PAHs including the 16 priority PAHs listed by the U.S. EPA. Bio-TEQs,s and
Chem-TEQs,s values were calculated. Among the different polymer types LDPE
demonstrated the highest dioxin-like activity in the samples followed by PP, PVC
and PET. The calculated Chem-Teqps values supported a higher toxicity potential
for LDPE compared to the other polymers. Studies of time dependent sorption
were hampered by too few sampling time points but a slightly higher PAH
concentration after twelve months compared to nine months could be observed
indicating continuing sorption capacity. In contrary, the biological activity
decreased from nine to twelve months. This leads to the assumption that other
compounds than the analyzed PAHs might show a desorption from the plastic
between 9 and 12 months which results in a decreased activity in the bioassay.
This study shows that virgin polymer pellets are able to sorb pollutants from
ambient water that induces a dioxin-like effect and that LDPE has a higher
sorption capacity for PAHs and other dioxin-like compounds that were not
measured in this study compared to the other polymers.
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Evaluation of the analysis of microplastics by mass spectrometry and
assessment of their adsorption capacity for organic contaminants

m. llorca, Institute of Environmental Assessment and Water Research; G.F.
Schirinzi; J. Sanchis, IDAEA-CSIC / Water and Soil Quality Research Group; D.
Barcelo, IIQAB-CSIC / Dept Environmental Chemistry; M. Farre, IDAEA-CSIC
Plastic residues in the sea are an emerging environmental problem because of
human activity. The presence of these marine debris particles in the ocean
represents not only an aesthetic problem since they also can imply harmful
damages for the coastal areas and the socioeconomic activities linked to these
regions| 1,2]. The low degradability of these plastics and their size hamper the
oxygen exchange and light which lead to eutrofisation processes[2]. Among these
marine debris, microplastics are risky for primary producers and their impact has
not been fully evaluated [1]. Nonetheless, different studies revealed their
ubiquitous presence in the sea as well as its uptake by marine biota[3]. MPs can
enter into marine food web and, finally, into human diet. In addition, these MPs
can accumulate persistent organic contaminants and pathogens being also an
environmental distributor of these ones [1,4,5]. The main objectives of this work
are the evaluation of different ionization sources coupled to mass spectrometry
analyzers for the analysis of MPs (High Density Polyethylene, polystyrene and
functionalized polystyrene-COOH) in water columns and; the evaluation of
adsorption mechanisms of organic contaminants (i.e. polycyclic aromatic
hydrocarbons (PAHs)) and emerging organic contaminants (i.e. perfluoroalkyl
substances (PFASs)) onto MPs surface. The study of MPs by means of
MALDI-TOF and APCI-QExactive allowed the chemical characterization as well
as semi-quantitative analysis in the case of the last one. These technologies can be
applied in the future for the analysis of environmental matrices such as water
columns, sediments or biota. Regarding adsorption experiments under a controlled
sea water conditions, the results evidenced that MPs can behave as carriers of the
studied PAHs and PFASs in marine environments. The compounds are adsorbed
onto MPs surface after short exposure time and these can act as carrier materials
being an important contamination source of selected organic contaminants for
marine flora and fauna. Keywords: microplastics, mass spectrometry, carrier
materials of organic contaminants [1] Cole M. et al. Marine Pollution Bulletin 62
(2011) 2588-2597. [2] Harrison J.P. et al. Marine Technology Society Journal 45
(2011) 12-20. [3] Cole M. et al. Environmental Science & Technology 47 (2013)
6646-55. [4] Llorca M. et al. Marine Pollution Bulletin 87 (2014) 286-291. [5]
Riosa L.M. et al. Marine Pollution Bulletin 54 (2007) 1230-1237.
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Characterisation, Quantity and Sorptive Properties of Microplastics
Extracted From Cosmetics

L. Napper, A. Bakir, S.J. Rowland, Plymouth University; R.C. Thompson,
Plymouth University / School of Marine Science and Engineering

Cosmetic products, such as facial scrubs, have been identified as potentially
important primary sources of microplastics to the marine environment. To better
understand the source, we characterised, quantified and then investigated the
sorptive properties of plastic microbeads that are used as exfoliants in cosmetics.
Polyethylene microbeads were extracted from several products, and shown to have
a wide size range (mean diameters between 164 to 327 um). We estimated that
between 4594 — 94500 microbeads could be released in a single use. To examine
the potential for microbeads to accumulate and transport chemicals they were
exposed to a binary mixture of *H-phenanthrene and "“C-DDT in seawater. The
potential for transport of sorbed chemicals by microbeads was broadly similar to
that of polythene (PE) particles used in previous sorption studies. In conclusion,
cosmetic exfoliants are a potentially important, yet preventable source of
microplastic contamination in the marine environment.

Cost effective and ecological relevant approaches in
environmental toxicology using invertebrate species
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Is Multixenobiotic Resistance System in Daphnia magna a general stress
response mechanism?

B. Campos, IDAEA-CSIC / Environmental Chemistry; R. Jorddo, CESAM &
University of Aveiro / Biology; C. Rivetti, IDAEA-CSIC / Environmental
Chemistry; H. Watanabe, Osaka University / Biotechnology; C. Barata, CSIC /
Environmental Chemistry

Recent investigations show that the cellular multixenobiotic resistance (MXR)
system represents a broad-scale defense mechanism protecting cells against
environmental toxicants. The system is mediated by membrane transporter
proteins which pump chemicals out of the cell, thus keeping their levels low.
Organisms and cells with potent MXR defense are less sensitive to the toxic
impact of compounds, because comparatively few of those molecules reach their
site of toxic action. In a recent study this system was characterized in the
crustacean Daphnia magna, sequencing four gene transporters that were
constitutively expressed across live stages and induced by several chemical
contaminants. Transporter activirty of this proteins were also characterized
showing that inhibition of MXR-like efflux activity by MXR-inhibitors
co-administered with toxic substrates of MXR enhanced the toxicity of the latter
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compounds. However, model ABC transporter substrates, inducers and inhibitors
used did not allow distinguishing between ABCB and ABCC transporters activity
types. Here, we present results of experiments designed to clarify the role of these
transporters and its specificity. We selected tolerant clones by exposing outbreed
populations to high concentrations of chemicals that are known to be substrates of
MXR. Selected tolerant clones were then used to characterize MXR mechanisms.
The response of heat shock proteins (Hsp70) was also studied to distinguish
between substrate specific MXR responses from general stress. An ABCB
knock-down gene clonal line was also developed taking advantage of the recent
development of the CRISPR/Cas9 methodology in Daphnia. Results showed
successful selection of tolerant clones relative to the lab clone by mitoxantrone,
pentachlorophenol and ivermectin. Mitoxantrone and pentachlorophenol enhanced
the transporter activity in their respective selected tolerant clones. However, high
transcriptional levels of the abcb1 gene were only positively related with high
transporter activity in the selected pentachlorophenol tolerant clone. All tolerant
clones showed high constitutive levels of Hsp70 protein, which means that the
selection of clones with enhanced levels of MXR may be part of a general stress
response. In conclusion tolerant genotypes having higher levels of general stress
and MXR proteins exist in natural populations of D. magna and can be selected by
toxic compounds that are substrates of ABC transporters.
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Functional characterization of hemocyte populations of zebra mussel,
Dreissena polymorpha and use in acute ex vivo toxicity tests

L. Evariste, Université de Reims Champagne-Ardenne; D. RIOULT, UMRI 02
INERIS-URCA-ULH SEBIO / MOBICYTE flow cytometry core facility; S.
Audonnet, Université de Reims Champagne Ardenne / URCACyt Plateau
technique de cytométrie en flux; E. David, Université de Reims Champagne
Ardenne / UFR Sciences Exactes et Naturelles; M. Auffret, Universite de
Bretagne Occidentale / LEMAR; M. Fournier, INRS-Institut Armand Frappier /
ISMERUQAR; S. Betoulle, URCA / UMRI SEBIO

The zebra mussel, Dreissena polymorpha, is an invasive freshwater bivalve
mollusk native from Ponto-Caspian region that successfully colonized Western
Europe and North-America. Because of its biological characteristics, transplanted
or natural populations of zebra mussels were used as sentinel species in freshwater
pollution monitoring and also in laboratory studies. Inmune system constitutes a
central point in organism homeostasis. This physiological process relies on
hemocyte activities that are sensitive to chemical stress. Disturbance in immune
response may affect mussels in their related populations. The first objective of this
study was to characterize D.polymorpha hemocyte subpopulations under natural
conditions. According to microscopy and flow cytometry analysis, three types of
circulating hemocytes can be observed: hyalinocytes and blast-like cells for
agranular hemocytes and one granulocyte population. Flow cytometry analysis of
hemocytes functionalities indicated that blast-like cells possessed low activities
and that hyalinocytes and granulocytes are fully equipped to perform innate
immune response and exhibited close functionalities. The second objective of this
study was to assess the cytotoxic effects of cadmium, a non-essential metal and
persistent pollutant, on hemocyte subpopulations by involving a multi-marker
approach. Hemocytes were exposed ex vivo to concentrations of cadmium ranging
from 10°M to 10~*M for 21 hours prior flow cytometric analysis of cellular
markers. Measured parameters (viability, phagocytosis, oxidative activity,
lysosomal content and mitochondrial activity) were affected in a dose-dependent
manner. Analysis indicated different sensitivity to cadmium depending on cell
endpoint and cell subtype. This work highlighted importance of hemocyte
characterization for a better understanding of toxicological responses of
invertebrates to xenobiotics.
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Highly cost-efficient determination of efflux pump inhibition and
chemosensitization using single embryos of the pond snail Lymnaea stagnalis
K. Pedersen, University of Southern Denmark / Department of Biology
Measurements of efflux pump activity in single embryoes of Lymnaea stagnalis
was shown to be a highly cost-efficient alternative to systems using human cell
cultures. Results for the inhibitory effects of a range of pharmaceuticals showed
the same effects in the same concentration ranges as previously reported in cell
culture experiments. Further, the system was shown to be able to distinguish
different modes of inhibition as well as being able to conveniently show
chemosensitizing effects of pharmaceuticals.
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Time-course immunomarker assessments and life-history traits in the
freshwater snail Lymnaea stagnalis in response to environmental
contaminants

P. Boisseaux, Irstea Lyon / MAEP Laboratory of Ecotoxicology; P. Noury, Irstea
Lyon; H. Thomas, University of La Rochelle / UMR LIENSs laboratory; J. Garric,
Irstea Lyon / Ecotoxicological Laboratory

Animals are under constant multistress pressures (e.g. chemicals and microbes).
Hence, their immune system may be affected by the presence of chemicals (i.e.
immunotoxicity). As a result, internal defences are inoperant to remove the
microbiological burdens with possible consequences at the population level. In
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ecotoxicology, development and comprehension of biological tools that evaluate
the effects of chemicals onto the immune system of invertebrate species are
required (Galloway and Depledge 2001). Lymnaea stagnalis is a freshwater
gastropod ecologically representative of lentic systems from holarctic zones of
the planete. This species has been promotted in OECD guidelines for reprotoxicity
testings (Ducrot 2014). It has the particularity to extrude a sufficient quantity of
hemolymph that allows an individual approach (i.e. not pooled) of
immunomarkers assessment in an non invasive manner, which also means that a
time-course evaluation can be realized withtout animal sacrifice. Plus,
hemolymph can be collected easily only by using a micropipette. Gust et al.
(2013) reported immunotoxicity of contaminated surface waters toward L.
stagnalis. More investigation remains essential in order to understand the
feasability of using markers of immunotoxicity from L. stagnalis. Herein we
investigated the time-course evolution of individual snails hemocyte biomarkers
(i.e. density, viability, oxidative activity, phenol-oxidase activity and activity of
phagocytosis) under contamination contexts. Simutaneously, an evaluation of
life-history traits was carried out (i.e. survival, reproduction and feeding
behavior). The pyrethrinoid Deltamethrin was set up in a flow-through system.
The Cadmium chlorure (CdCl,) was set up in semi-static conditions. Hemocyte
biomarkers were evaluated by flow cytometry (densities, viabilities and activity of
phagocytosis) and by spectrofluorimetry (phenol-oxidase and NADPH-oxidative
activities). Reproduction was followed by collection of egg-masses and
observation under binocular microscope. We observed that phenomenons of
immunotoxicity may be transient (i.e. biological recovery) and so the time-course
tracking of individual parameters is important. The comprehension of hemocyte
biomarker variability is mandatory : inter-populations, intrapopulation (i.e.
inter-individual) and intra-individual (i.e. time effect, physiological fluctuations).
Thus, L. stagnalis deserves more attention as model organism in
immunotoxicology.
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Nickel toxicity to tropical marine biota

F. Gissi, CSIRO Oceans and Atmosphere / CSIRO Oceans and Atmosphere; J.
Stauber, CSIRO / CSIRO Land and Water; D.F. Jolley, University of Wollongong
/ School of Chemistry; M. Binet, CSIRO / CSIRO Land and Water; M. Trenfield,
Department of Environment Water Heritage the Arts; J. van Dam, Australian
Institute of Marine Science; C.E. Schlekat, NiPERA; E.R. Garman, NiPERA /
Ecotoxicologist

Over two-thirds of the world’s nickel production is in tropical regions including
Indonesia, the Philippines, Australia, New Caledonia, Brazil and Cuba. The
mining, refining and smelting of lateritic ores can present many potential
environmental risks, as with any such operations located in tropical regions of
high ecological diversity. However, our current understanding of the toxicity of
nickel to tropical biota is limited, largely due to the lack of ecotoxicity data with
tropical species endemic to these regions. The Nickel Producers Environmental
Research Association is currently leading a research program to develop and apply
risk assessment tools to support the sustainable development of lateritic nickel
deposits in the tropical region of South East Asia and Melanesia (SEAM). This
research involves the compilation of exposure and effects assessment data for
nickel in tropical marine waters, specifically in the SEAM region. Key gaps for
ecologically important tropical taxa of the SEAM region include corals,
crustaceans, gastropods, bivalves and fish. The aim of this study was to
investigate the sensitivity of tropical marine biota to nickel, with a focus on those
species relevant to the SEAM region. Data produced from this study will
contribute to the development of a reliable and ecologically relevant water quality
guideline value for nickel in tropical marine waters. Chronic nickel toxicity to two
crustaceans (copepod and barnacle) and one gastropod (snail) native to the SEAM
region was investigated. Toxicity tests were carried out at temperatures of 28-30 C
and a salinity of 35%o. Endpoints measured included 72-h development (from egg
to copepodite), 96-h metamorphosis and 96-h growth for the copepod, barnacle
and snail, respectively. Throughout all tests, water quality parameters were
monitored and sub-samples were taken to measure total and dissolved (< 0.45 ym)
nickel. The copepod was the most sensitive to nickel, followed by the barnacle
and snail, with IC10 (10% inhibition concentration) values of 15,72 and 79 ug
Ni/L. This study provides valuable toxicity data which can be used in the
development of an ecologically relevant guideline value for nickel in tropical
marine waters.
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Effects of multiple stressors on freshwater macroinvertebrates in Iberian
rivers

M. Kuzmanovic, CSIC Spanish National Research Council; N. De Castro-Catala,
Universitat de Barcelona / Ecology; J. Lépez-Doval, University of Sao Paulo /
Depto de Ecologia Laboratorio de Limnologia; I. Mufioz, University of Barcelona
/ Ecology; A. Ginebreda, CSIC - Spanish National Research Council / Department
of Enviromental Sciences; D. Barcelo, IQAB-CSIC / Dept Environmental
Chemistry

Aquatic ecosystems worldvide are impacted by a variety of stressors, including
organic and inorganic pollution, excess input of nutrients, geomorphological
alterations, land use changes, hydrological stress, invasive species and pathogens
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[1]. As a consequence, the biodiversity decline is one of the greatest ecological
problems nowadays [2]. However, little is known beyond the described effects of
single stressors on specific ecological endpoints [3] and our understanding of the
main causes for the losses of biodiversity still remains vague. Besides the usual
taxonomy-based approaches, trait-based approaches are being increasingly used as
an alternative to assess stream biological integrity and discriminate the influence
of individual antropoghenic stressors and natural influences. Traits may help to
reveal the cause of impairment and give an indirect insight into which ecosystem
functions may be affected by human disturbance [4]. The objectives of this study
were following: a) to assess the risk/presence of multiple stressors in four Iberian
rivers and b) to test if we can observe the adverse effects of stressors in the local
benthic macroinvertebrate communities ¢) to determine the difference of
taxonomical and functional (traits) diversity changes in relation to stressors
present and finally d) to discriminate which stressor or stressors are influencing
more than others on the macroinvertebrates. The presence of one or more potential
stressors was evident at all the sampling sites. The highest risk was mainly present
at the lower parts of the rivers in the area surrounded by agricultural lands or/and
urban zones where high concentrations of toxicants, in particularly insecticides,
were found. Both organic micropollutants (particularly pesticides) and heavy
metals significantly contribute to acute ecotoxicological risk. Besides, most of the
sampling sites were characterized by combinations of two or more stressors; such
as organic pollution, metals, high nutrient levels and conductivity.

Metals in the Environment: Fate, Speciation and
Bioavailability in Water, Soil and Sediment (lll)
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A biophysicochemical approach for assessing the dynamics of metal
biouptake and toxicity

E. Rotureau, CNRS UMR 7360 / Laboratoire interdisciplinaire des
environnements continentaux LIEC CNRS UMR; P. Billard, R. Présent, LIEC
Université de Lorraine  CNRS; N. Paquet, M. Lavoie, C. Fortin, INRS Centre
Eau Terre Environnement; J.F. Duval, CNRS / Laboratoire interdisciplinaire des
environnements continentaux LIEC CNRS UMR

Understanding the toxic and essential trace compounds uptake by microorganisms
under conditions relevant to natural environment is a major trigger of concern in
environmental risk assessments. While toxicity assays are well documented in
numerous studies where exposed ambient concentrations of metals are related to
toxicology endpoints such as mortality or growth rate, predicting metal toxicity
with clear account of the dynamic interplay between cell growth and metal
biointerfacial partitioning is still very scarce. We recently proposed an integrative
theory where metal transport, adsorption, excretion, internalisation and depletion
processes are rigorously accounted for. In addition, the effects of key cell
biophysicochemical features (e.g. electrostatics or presence/absence of cell surface
layer such as EPS) on metal uptake and toxicity were highlighted. In this
presentation, the theory is briefly presented together with supporting experimental
data collected on bacteria and algae suspensions exposed to Cd(Il) solutions. In
both situations, it is shown how a critical examination of these data with help of
theory can be valuable in deciphering the mechanisms governing the partitioning
of metal at biointerfaces over time and accompanied toxicity effects. The
theoretical formalism detailed in this presentation clearly highlights the intimate
relationships among the metal partitioning dynamics at the cell-solution
interphase, the biophysicochemical properties of that biointerphase, and the cell
growth inhibition kinetics.
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Toxicokinetic-toxicodynamic model to explain the decreased bioaccumulation
but increased toxicity of Cu in an estuarine clam under higher salinities

W. Chen, Xiamen University / College of the Environment Ecology; Q. Tan,
Xiamen University - College of the Environment & Ecology / College of the
Environment Ecology

Although it is well recogized that salinity affects metal toxicity to estuarine
organisms, to quantitatively simulate and predict the effects of salinity is still a
challenge. Salinity affects metal toxicity not only through water chemistry, but
also by altering the physiology of organisms. The biotic ligand model (BLM),
which can only consider the effects of water chemistry, is probabaly not
applicable to estuarine waters. Indeed, in this study, we found that higher salinities
led to lower Cu bioaccumulation in the euryhaline clam Potamocorbula laevis;
however, the associated toxicity was not lower but higher. The toxicokinetics of
Cu were determined by using Cu-65 as a tracer at 7 salinities, i.e., 5, 8, 10, 15, 20,
25 and 30 psu. Cu toxicity tests were also conducted at these 7 salinities. A
two-compartment toxicokinetic-toxicodynamic model was then developed to
explain the decoupled effects of salinity on Cu bioaccumulation and toxicity. With
the increase of salinity, the uptake rate constant of 65Cu decreased significantly
from 0.546 L/g/h to 0.213 L/g/h. The inhibitive effects of salinity on Cu
bioaccumulation was consistent with the prediction of the BLM. Elevating salinity
from 5 psu to 30 psu significantly raised the killing rate of Cu from 0.60 mg/ug/h
to 2.08 mg/pg/h, while did not significantly affect the internal toxic threshold of
Cu. This indicated that the excessively accumulated Cu manifested higher toxic
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effects to the clams at higher salinities, probably due to their higher
osmoregulatory stress. Using the toxicokinetic-toxicodynamic model, we can
quantitatively predict the effects of salinity on both Cu bioaccumulation and
toxicity. This model can serve as a useful tool for assessing ecological risks of Cu
in estuary waters. Key words: salinity, copper, toxicokinetic-toxicodynamic
model
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Behavior and toxicity of silver nanoparticles and silver nitrate in aquatic
indoor microcosms

C. Wasmuth, C. Schifers, Fraunhofer IME - Institute for Molecular Biology and
Applied Ecology; H. Ruedel, Fraunhofer IME - Institute for Molecular Biology
and Applied Ecology / Environmental Monitoring

In this study effects of AgNPs and AgNO; are investigated to assess toxic effects
of AgNPs and Ag*. Therefore the release of Ag* from AgNPs and AgNO; and the
accessibility of Ag” in the water phase is researched in separated microcosms with
a volume of 1 m3. The microcosms contain natural sediment (0.25 m?), surface
water (0.75 m3), zooplankton and phytoplankton. AgNPs with a mean diameter of
20 nm and AgNOs were applied into aquatic indoor microcosms at four different
target concentrations, respectively. In addition four control microcosms were
used. During a period of 100 days target concentrations were maintained by
regular test item additions. The recovery was followed over additional 150 days.
To allow observation of toxic effects, data of cell density were collected. The aim
of this near-to-nature approach is to give an as precise as possible picture of
nanoparticle behavior and toxicity on aquatic communities and to enable a direct
comparison to effects caused by AgNO;. 78 days after start of the exposure,
maximum concentrations of Ag* were observed for both AgNPs and AgNOstest
systems. Independently from the initial AgNP loading no higher concentration of
Ag" could be measured in the water phase. At the current point of the study
evaluation results of cell density measurements indicate a phytoplankton growth
in AgNP treated microcosms and a potential degradation of zooplankton. The
exposure to 5 ug/L. AgNPs lead to an exponential growth of phytoplankton until
day 42. This effect seemed to be induced by a degradation of zooplankton. The
application of lower AgNP concentrations (0.078,0.313 and 1.25 pg/L) did not
lead to changes of the amount of cells in the water phase. This may indicate that
the zooplankton is not directly affected by exposure to AgNPs. Nevertheless, after
stopping the test item additions similar amounts of cells could be found in the
water phase of all treated microcosms and controls. Apparently similar
communities were present in all microcosms and the recovery of the communities
occurred in spite of the presence of remaining silver in the system.
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Arsenic induces changes in gut microbiota associated to mucus in vitro
models

M. Calatayud, Laboratory of Microbial Ecology and Technology; W. Ossieur,
Ghent University / Center for Microbial Ecology and Technology; T. Van de
Wiele, Ghent University / Laboratory Microbial Ecology and Technology
Arsenic (As) is an environmental contaminant widely distributed through the
Earth crust. The main route of exposure to inorganic arsenic, the most toxic
arsenical specie in contaminated water and food, is via oral. Arsenic absorption
occurs mainly in the small intestine, however non-absorbed arsenic can reach
distal gastrointestinal regions. Human trials showed that 44-60% of arsenic
ingested after rice consumption was excreted through urine in five days, so the
remaining amount of As could reach colon or be retained in the human body .
Therefore the colonic absorption of arsenic can contribute to As internal exposure
and, moreover, arsenic could interact with distal gut microbial community. Gut
microbiome, therefore, should be considered as an environmental factor affected
and, also, influencing arsenic toxicity. This research evaluated in vitro the effect
of environmentally relevant doses in mucus associated gut microbiome using
batch assays and the simulator of the human intestinal microbial ecosystem
(SHIME), including the mucus environment (mucus-SHIME, M-SHIME). Faecal
samples from healthy individuals were inoculated in batch assays and M-SHIME
reactor and exposed to arsenic (10 and 100 g g/l). After different time points, the
metabolic activity of the gut microbiota was assessed by quantifying short chain
fatty acids, branched short chain fatty acids and ammonium contents. Structural
changes on mucosal microbial community was performed by polymerase chain
reaction (PCR)-denaturing gradient gel electrophoresis (DGGE) of the 16S
ribosomal RNA (rRNA) gene and quantification of 16S rRNA gene copy numbers
by real-time PCR (qPCR). The results obtained show that arsenic exposure
affected significantly the branched short chain fatty production in fed batch and
M-SHIME experiments, indicating changes in the metabolic activity of gut
microbiome related with the protein metabolism.The DGGE fingerprint of total
bacteria in alginate mucus beads was significantly affected after arsenic exposure
after processing gel bands with Bionumerics software. The results presented in
this work suggest that the gut microbiome is an environmental factor to consider
in risk assessment of arsenic exposure. The health consequences of arsenic
interaction with gut microbiota need further research. The mucus associated
bacteria are suggested as a key element in the arsenic — host interplay.
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Copper-induced changes in intracellular thiols in marine algae

D.F. Jolley, C. Smith, University of Wollongong / School of Chemistry; J.
Stauber, CSIRO / CSIRO Land and Water

Toxicity of metals to aquatic organisms is dependent on both external factors,
such as exposure concentration and water quality parameters, and intracellular
processes including specific metal-binding sites and detoxification. Current
models used to predict copper (Cu) toxicity in microalgae do not effectively
consider the intracellular processes. This research examined the toxicity of Cu
towards microalgae by investigating the intracellular Cu-binding ligands of
phytochelatins and glutathione from four species of marine microalgae exposed to
Cu at their respective ICs, (concentration of Cu required to inhibit population
growth by 50 %) at intervals over 72-h. ICs, values were chosen to represent equal
amounts of cellular stress across the four species despite their differences in Cu
tolerance. Despite similar Cu tolerances in Phaeodactylum tricornutum and
Ceratoneis closterium, differences in internalised Cu, phytochelatin production
and reduced glutathione were observed. P. tricornutum maintained reduced
glutathione at 58 - 80% of total glutathione levels throughout, whereas in C.
closterium reduced glutathione constituted < 10% of total glutathione after 48 h of
Cu exposure. P. tricornutum internalising significantly less Cu but produced more
phytochelatins and of longer chain length than C. closterium. Two green algae,
Dunaliella tertiolecta and Tetraselmis sp. had very different Cu tolerances, and
also exhibited differences in internalised Cu, phytochelatin production and
reduced glutathione concentrations. Tetraselmis sp. internalised three times more
Cu than D. tertiolecta and had significantly more intracellular thiols. In both green
species a decrease in the reduced:oxidised glutathione ratio was observed
following Cu exposure. Phytochelatin production was markedly different between
acute (< 24 h) and chronic exposures (24 — 72 h), with shorter chain lengths
dominating for chronic exposures. Reduced glutathione increased slightly at
longer exposures in both species, potentially indicating a decrease in intracellular
oxidative stress despite a consistent increase in intracellular Cu. This work has
shown that the intracellular reaction to Cu is species specific, and responses were
not necessarily related to their respective tolerances, or the amount of intracellular
Cu. This suggests that there may be multiple modes of Cu toxicity and that
detoxification processes vary between species.
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Time-course metabolomics responses of transplanted oysters Crassostrea
hongkongensis to estuarine metal pollution

C.CAO, Hong Kong University Sci. Technol.; W. Wang, Hong Kong University
Sci. Technol. / DIVISION OF LIFE SCIENCE

In a dynamic and fluctuated estuarine environment, heavy metal toxicity is greatly
influenced by various environmental stressors, increasing complexity and
difficulty of accurately predicting potential biological/ecotoxicological effects
simply based on indoor laboratory experiments. In this research, metabolomics
responses of oysters Crassostrea hongkongensis were characterized under metal
contamination in an estuary. Oysters were transplanted from a clean site to
multiple-metal-contaminated sites in an estuary for six months. Both metal
concentration and metabolomics responses in oysters’ digestive glands were
investigated over different periods of exposure (0 week, two weeks, four weeks,
and six months). Following transplantation, all metals (Ni, Cr, Pb, Cd, Cu and Zn)
in digestive gland tissues showed an elevated trend over time. Cu, Zn and Cd were
dominant polluted metals. Using "H NMR metabolite approach, we demonstrated
that significantly varied metabolites were mainly responsible for osmotic
regulation, energy metabolism, nucleotides and glycerophospholipid metabolism.
Within initial four weeks of exposure, the amount of amino acids and osmolytes
was increased for osmotic regulation. Addtionally, energy demand was decreased
to accumulate glucose and glycogen for adaptation. However, oysters mobilized
early accumulated amino acids and energy storage compounds to produce ATP
and maintain a normal physiological function over a longer period of exposure.
The metabolomics study demonstrates that oysters adopt different strategies to
maintain living status in a heavily-metal-contaminated environment.

Modelling of pesticides and biocides fate and exposure in a
regulatory context
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Impact of updated modelling methodologies on pesticide E-fate risk
assessments

A. Boivin, ANSES

Regulation 1107/2009 states that active substances used in plant protection
products are only approved in the EU if it may be expected that their use will not
have any harmful effects on human and animal health or the environment. In
practice, risk assessment is performed for the active substance (at European level)
and for the product containing the active substance by EU member states (in the
context of the Zonal procedure). While regulation may provide indications on the
data requirement and the protection goals, procedure on how to derive predicted
environmental concentrations in the different compartments is made in guidance
documents publicly available. Such guidances are valuable in order to improve the
risk assessment methodologies. It’s also noticeable that guidances are also updated
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or complete with aim to achieve a high scientific quality in the risk assessment. In
addition they may help to harmonize the risk assessment carried out for pesticides
at EU and zonal level. In the environmental fate and behaviour area, at least 9
guidances are available covering the various compartments, process and crop type.
Anses proposes some feedbacks of guidance implementation and the practical or
foreseen consequences on risk assessment. It includes worked examples to
identify sensitive topics highlighted during risk assessment performed by member
states. Consequences for the environmental fate and behaviour (and
ecotoxicology) sections and the associated risk assessment are discussed. Benefits
and drawbacks are discussed.
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Can the Danish regulatory modelling approach assess the leaching risk of
pesticides and their metabolites as monitored via the Danish Pesticide
Leaching Assessment Programme?

S. Pullan, TSGE Consulting; A. Gimsing, The Danish Environmental Protection
Agency / Pesticides and Gentechnology; P.R. Branford, TSGE Consulting /
Environmental Sciences; A.E. Rosenbom, Geological Survey of Denmark and
Greenland

The regulation of pesticide use in Denmark is based on the European Union (EU)
registration processand guidance documents for the Northern Zone and Denmark.
As described in these guidance documents, the Danish assessment of the risk of
leaching of pesticides to groundwater is based on modelling with the FOCUS
Hamburg model scenario (PELMO) or the two national model scenarios Karup
and Langvad (MACRO). The approach taken by Denmark also differs from that of
the EU with respect to consideration of relevancy of metabolites, selection of
degradation rate and sorption parameters and the evaluation of predicted
environmental concentrations in groundwater. In Denmark, if modelling indicates
leaching below, but close to the threshold of 0.1 g L', the compound’s
leachability may be evaluated in the Pesticide Leaching Assessment Program
(PLAP). PLAP is an intensive monitoring programme evaluating the risk of
leaching of pesticides and/or their metabolites under field conditions. PLAP today
encompasses five fields representing various types of soils and near surface
geology where the pesticides are used at a realistic worst case dose and according
to good agricultural practice. The PLAP-fields have been thoroughly characterized
(e.g. pedology, hydrogeology) and monitored as regard to the water balance.
Modelling was carried out according to the Danish and EU approach for 27
pesticides and 19 metabolites that have been tested in PLAP. The modelling
results were compared to the findings in the groundwater wells in PLAP. As
expected there are differences between the Danish and the standard EU approach
with regard to the modelling results. Due to the more conservative input and more
conservative approach for interpreting output, the results for the Danish approach
generally predicts a greater risk of leaching. Comparison with the results for
PLAP reveal that in some cases the models over-estimate the leaching risk. The
potential causes for this discrepancy between simulated and observed leaching
scenarios will be explored. \n
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Drainage models and macroporous soils

E. Van den Berg, Environmental Risk Assessment Team; N. Jarvis, SLU / Soil
and environment; K. Hammel, Bayer CropScience Aktiengesellschaft; B.
Gottesbueren, BASF SE / Crop Protection; A. Poot, Ctgb

In the procedure for the registration of plant protection products at the EU level
and at the member state level, simulation models are used to assess the fate of
these products in the soil. Preferential flow is an important process which can
significantly affect the leaching of plant protection products through soil and
discharge via drains into surface waters. A scientific SETAC Workshop was
organised in Vienna, Austria, from 23 to 24 October 2014 on drainage models and
macroporous soils. Scientists that are actively involved in research on the fate of
plant protection products in macroporous soils were invited to participate. In
addition, representatives from industry, registration authorities and consultancies
were also invited. The focus of the workshop was on the validation status of
models that are available at present for the description of the fate of plant
protection products in macroporous soils and to make recommendations for
improvement of model concepts for macropore flow in soils as well as to elaborate
the data requirements needed to test the improved model concepts. The models
that were considered in detail were HYDRUS, MACRO and SWAP/PEARL. In
key note presentations the state of the art in this research domain was presented.
The workshop consisted of plenary sessions, in which participants were given the
opportunity to give a short presentation on the topics to be addressed in the
session and break-out sessions to discuss specific subtopics. The differences in
conceptual approaches, options to consider dual permeability and dual porosity
systems, equilibrium and non-equilibrium domains and options for bottom
boundary conditions in the HYDRUS, MACRO and SWAP/PEARL models were
discussed. Important fields that need further attention are the contribution of
biopores to preferential flow. Further, the current description of surface processes
in the models requires further attention, including the temporal variation of soil
properties, which govern the infiltration of water. Tillage and traffic effects on
macroporosity are currently not considered in the modelling, so concepts need to
be developed that describe these processes in a realistic way. Further, more efforts
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are needed to test the improved models and as well as on elaborating the type of
measurements needed to test these models in the field.
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Options to consider during accumulation calculations for predicted
environmental concentrations in sediment

D. Patterson, Syngenta; B. Erzgraeber, BASF SE; K. Hammel, Bayer CropScience
Aktiengesellschaft

Predicted environmental concentration in sediment (PECsed) for regulatory
purposes is currently calculated according to the FOCUS surface water report. The
standard time frame of a FOCUS surface water simulation (12-16 months) could
potentially limit the estimation of chemical accumulation in sediment. TOXSWA,
however, is not currently parameterised to run over longer periods within current
the regulatory framework. In this work we aim to identify the main processes
which drive accumulation in the sediment and to discuss options to consider
during accumulation calculations for regulatory exposure assessments. We
considered a slowly degrading sorbative compound applied annually to winter
wheat. The FOCUS surface water run-off scenerios were used to calculate the
PECsed for one year and for 20 years. A second analysis was performed to
examine sediment burial within run-off scenarios for annual application to winter
wheat.Soil mass input and sediment chemical mass over 20 years were generated
using SWASH. A simple, conservative assumption was made that 100% of the
soil adsorbed chemical and erroded soil mass is deposited to the sediment along
with partitioning to and from the water column. Applying the stratigraphic
principle of superposition a stratigraphic column spanning 20 years was
constructed. Both the stream and pond scenarios demonstrate that dissipation in
the sediment compartment is dominated by desorption/back-diffusion. Neglecting
dissipation by desorption and back-diffusion leads to overestimation of PECsed by
a factor of 2.5 to 4. In the second analysis the constructed stratigraphic column
demonstrates that in some cases >20cm of sediment would be deposited during a
20 year simulation. Furthermore, chemical mass would be distributed
heterogenously throughout this deposited thickness and not solely within an upper
5 cmor 1 cm compartment. Neglecting the processes decribed here leads to
overestimation of the potential accumulation in the sediment. Desorption and
back-diffusion as a major sediment dissipation process is already considered in the
current exposure assessment scheme over a 12-16 month time period. It could and
should be used to quantify accumulation over longer time periods more
realistically. Additionally, when calculating PECsed over a longer period the
option of simulating burial of sediment should be available as a more realistic,
higher-tier option for calculating sediment PECs within a regulatory context.
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Effect of long-term sorption kinetics of pesticides on their simulated leaching
to groundwater

J. Boesten, Alterra / ERA team

Assessment of leaching to groundwater is an important aspect of the risk
assessment of pesticides within the EU. The lower tiers of this assessment are
based on calculations with simulation models. The first tier is commonly based on
the assumption of equilibrium sorption based on batch adsorption studies with a
typical equilibration time of 24 h. In the past decade, interest has increased to
include long-term sorption kinetics (LTSK) as a higher tier. It is therefore
interesting to assess the likely magnitude of the decrease in leaching
concentrations due to inclusion of LTSK. Calculations were made with
FOCUS_PEARLV4 4 4 for the FOCUS Okehampton groundwater scenario with
an annual application of 1 kg/ha in winter wheat one day before emergence. This
was done for a range of substances using regular grid of Koy and DegT50 values;
the Koy ranged from 15 to 210 L/kg and the DegT50 from 5 to 70 d. The
desorption rate coefficient k; was 0.025 d' and the ratio of the non-equilibrium
Freundlich coefficient divided by the equilibrium Freundlich coefficient (fyz) was
0.5. The Freundlich exponent N was set at either 0.7 or 0.9. There is a
complication with respect to the parameterisation of the DegT50 because the
overall degradation rate is a function of k,and fyz. So if the effect of k,and fiy: on
leaching is studied while keeping the same DegT50, this would lead to comparing
leaching of substances with different overall degradation rates which is not
meaningful. This problem was overcome by simulating for each substance the
decline of the mass of substance in a hypothetical laboratory degradation rate
study with the Okehampton top soil at field capacity and 20°C and by deriving the
first-order overall degradation half-life of this substance from a fit to these
simulated data. Both for N =0.7 and N = 0.9, for the vast majority of the
DegT50-Koyu combinations the effect of including LTSK was closely related to the
level of the leaching concentration: the lower the leaching concentration of the
substance, the higher the effect of including LTSK. The effect of including LTSK
was found to be considerably larger for N = 0.7 than for N=0.9: for N=0.9, a
leaching concentration of 0.1 yg/L with LTSK corresponded with a concentration
of about 1 ug/L without LTSK whereas for N =0.7,0.1 pg/L with LTSK
corresponded with 3-8 pg/L without LTSK. \n
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The EFSA PPR Statement on the FERA Proposal for Aged Sorption
Guidance

36

A. Tiktak, Water Agriculture and Food; E. Capri, Universitd Catolica del Sacre
Cuore; O. Jacobsen, GEUS; R. Kasteel, Agroscope; M. Klein, Fraunhofer IME; T.
Van der Linden, RIVM / ENVIRONMENTAL QUALITY; A. Piccolo, University
of Naples Federico II; M. Stemmer, Austrian Agency for Health and Food Safety /
Institute for Plant Protection Products; M. Egsmose, EFSA

Aged sorption (also referred to as non-equilibrium sorption) refers to the increase
of sorption of a substance over time. Although aged sorption is a generally
accepted scientific phenomenon, the procedures to derive parameters of the aged
sorption process are uncertain. The interest in aged sorption led to the inclusion of
recommendations relating to the use of aged sorption parameters in the revised
FOCUS groundwater report. However, the extent of investigation into this subject
was limited and a general recommendation was made that default parameters for
aged sorption could be adopted at higher risk assessment tiers for any substance.
Separate experiences with the difficulties in considering aged sorption data in
regulatory risk assessment triggered the UK Chemicals Regulation Directorate
(CRD) to charge FERA (the Food and Environment Research Agency) with the
development of guidance on study conduct and generation of aged sorption
parameters suitable for use in regulatory risk assessment. The scientific Panel on
Plant Protection Products and their residues (PPR Panel) was asked to prepare a
scientific opinion on the FERA guidance proposal. The experimental and
modelling approaches in the proposed guidance are reasonable compromises
between the required effort and what is desirable from a theoretical point of view.
The Panel has, however, concerns about the interpretation of the experiments and
how results of the experiments should be used in the leaching assessment. The
Panel investigated options for improvement. Evaluation will be finalised after the
guidance document has been revisited by the authors..

Prospective and retrospective soil risk assessment of
chemical stressors
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Utility of a site specific soil microbial health assessment test suite to assess the
impact of single chemicals on soil microorganisms for risk assessment

L. Beaudette, Environment Canada / Ecotoxicology and Wildlife Health Division;
A.D. Samarajeewa, A. Crossman, Environment Canada; S. Kvas, Environment
Canada / Biological Methods; R. Scroggins, Environment Canada

Soil microorganisms are an integral part of the terrestrial ecosystem playing a
significant role in nutrient cycling and organic matter decomposition. As such,
impairment of the soil microbial function and diversity, due to a contamination
event, can lead to impacts at higher trophic levels over a period of time. To assess
the impacts of soil contaminants on soil microbial function and diversity,
Environment Canada (EC) developed a site specific soil microbial test suite. The
test suite evaluates soil microbial biomass, activity, and community structure
using the following tests: heterotrophic plate count, fumigation-extraction,
nitrification, organic matter decomposition, substrate-induced respiration, basal
respiration, bait lamina, enzyme assays, community level physiological profiling,
and next generation DNA sequencing. Initially, the test suite was used to
determine the impacts of site specific boreal forest contamination events
(polycyclic aromatic hydrocarbon, metals) on the soil microbial community;
however, until recently, the utility of the test suite has been realized for laboratory
risk assessment research. Data will be presented on the use of the microbial test
suite on healthy sandy loam reference soil spiked with different concentrations of
chemicals. In contrast to the site specific results where EC50 values are not
possible to calculate, risk assessment EC50 results will be presented to inform risk
assessors of the impact of the chemicals on the soil microbial community.
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Topical Scientific Workshop on Soil Risk Assessment (Helsinki, October
2015); problem definition and conceptual model

A. Kapanen, European Chemicals Agency - ECHA; K. Romijn, Bayer
CropScience AG; J.H. Cermak, Environment Canada / Department of Biology;
M.S. Greenberg, US EPA / Environmental Response Team; J. Tarazona, European
Food Safety Authority / Pesticides Unit

Multidisciplinary and international collaboration is essential for developing a
science-based methodology for risk assessment of chemicals released to or
reaching soil. Topical Scientific Workshop on Soil Risk Assessment brought over
200 experts representing industry, academia, regulators and other stakeholders
from all over Europe and across the world in order to discuss the state of the art in
assessing the impact of industrial chemicals, biocides and plant protection
products in soil. The overall aim was to identify the most critical improvement
needs for soil risk assessment, and to identify in which cases the harmonisation of
different regulatory approaches would bring an added value. Three main topics
were discussed during the two-day workshop: Problem definition and conceptual
model for soil risk assessment, Environmental exposure and fate assessment, and
Effect assessment. Several areas where identified were harmonisation of the
approached in scientific assessments for pesticides, biocides and industrial
chemicals under REACH and international collaboration would bring added value
for the soil risk assessment. This presentation will focus on the conclusions
reached in discussion on the problem definition and conceptual model for soil risk
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assessment and describe identified developments needs within regulatory
framework. Following conclusions and development needs will be elaborated; It
was seen as beneficial if technical development of specific protection goals
(SPG’s) could be harmonised across the industries and regions, if and where
applicable, with clear definition of land/soil use, product use, exposure scenario
and time scale. Ecosystem services approach was considered as useful
communication tool in defining what do we want to protect. Considering
bioavailability in soil risk assessment and defining concept of biodiversity
(including functional biodiversity) in regulatory context. Combining exposure
assessment — how the chemicals enter into and behave in the soil — with effect
assessment — how the chemicals then affect different organisms. Additionally,
other identified regulatory science-oriented R&D needs such as the application of
the equilibrium partitioning method, a screening level for soil risk assessment,
using information from aquatic organisms, and a calibration based on information
on higher-tier studies will be discussed in more detail.
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Translation of Ecosystem Services based Protection Goals into an
appropriately calibrated tiered Collembola risk assessment of plant
protection products - case study: lindane

G. Ernst, Bayer CropScience AG / Ecotoxicology; J. Bendall, Dow Agrosciences;
M. Coulson, Syngenta; S. Loutseti, DuPont De Nemour Hellas S.A.; A. Sharples,
Cheminova A/S; P. Kabouw, BASF SE

Soils provide relevant Ecosystem Services (EsS) e.g. by regulating water and
nutrient cycles which have a direct impact on the EsS food production. In
agricultural landscapes the biodiversity and the fertility of soils have to be
protected from an unacceptable impact from PPP. However, landscapes are
heterogeneous and different ecosystem services are provided by different parts of
the landscape. Thus, a spatial differentiation needs to be taken into account when
setting protection goals. Due to conflicting needs of different EsS it is not possible
to protect biodiversity in all areas and all the time. Therefore, biodiversity should
be protected on landscape level. Thus, the risk assessment should differentiate
between 1) an off-field risk assessment where the focus is on protection of
biodiversity and 2) an in-field risk assessment which should focus on protection of
those soil functions which are directly related to the most relevant EsS for
agricultural areas (i.e. food production). In order to improve the current toolbox
for soil functional test systems that could be used in an in-field soil risk
assessment a project was initiated by the European Crop Protection Association in
2014. Different functional test systems (litterbag test, minicontainer test, bait
lamina test) are tested on their sensitivity to different insecticides in a field trial
and evaluated with regard to their relevance for the EsS provided by soils, their
degree and potential for standardization, and their suitability for being used in the
risk assessment. The case study is focusing on one specific group of soil
organisms (Collembola) and the ecosystem services they provide by examining
different structural and functional tests in a tiered risk assessment approach.
Laboratory tier 1 test will be compared with an intermediate tiered two-generation
test, and higher tier field effect data on both a structural and functional level. We
want to discuss how protection goals derived from the Ecosystem Services
approach translate into an appropriately calibrated tiered risk assessment approach
for collembola.
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Topical Scientific Workshop on Soil Risk Assessment (Helsinki, October
2015): environmental fate and exposure assessment

R. Cesnaitis, European Chemicals Agency; W. Peijnenburg, RIVM / Center for
Safety of Substances and Products; M. Egsmose, EFSA; C. Ajao, J.R.
Peltola-Thies, ECHA-European Chemicals Agency; J. Tarazona, European Food
Safety Authority / Pesticides Unit; A. Kapanen, European Chemicals Agency -
ECHA

The main principles and elements of exposure assessment of chemicals in the soil
are known and used accross various legislations. However some of the properties
and processes should gather more consideration in the exposure assessment than is
currently the case. Specific attention should be given to the substances possessing
specific structures (e.g. structures that earmark a substance as PBT) or
physico-chemical properties. The lack of realism in the fate testing requested
under current regulatory frameworks, leads to the difficulties when the testing data
are employed for the simulation of processes under real environmental conditions.
In the workshop it was advised that the link between fate and exposure assessment
on the one hand and hazard assessment on the other hand should be further
improved. It was concluded that the bioavailability of the chemicals should be
further understood and implemented in the regulatory framework. The possible
harmonisation of the approaches and models used today for the soil exposure
assessment was discussed by the participants of the workshop. The use of
modelling tools for the exposure assessment and risk assessment in general has a
great potential for further development and practical use, but the limitations in the
use of available/newly developed tools needs to be well understood. The sharing
of experiences and harmonisation of approaches for the fate and exposure
assessments within different legislations was seen as a key possiblity for further
improvement of the relevance and reliability of the soil risk assessments.
Discussions on NER formation and bioavailability resulted in the conclusion that
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the topic has potential for the implementation into regulatory exposure assessment
schemes. However, some concerns around the topic were raised. It was concluded
that higher realism of the fate/exposure assessment (regardless whether it is based
on laboratory/field measured or modelled data) and its linking with results of
hazard assessment is necessary. There were specific proposals for initiating
activities for the development of more realistic approaches/methods for soil
exposure assessment taking into account additional parameters (physico-chemical)
of substances and of the medium (soil) as well as integrating into the assessment
methodologies other processes (e.g. desorption) and conditions relevant for the
real environment. Research needs and the directions for development of the
regulatory science were identified.
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Validation of a New Environment Canada Test Method for Measuring
Contaminant Effects on Survival and Reproduction of Soil Mites using Oppia
nitens

R.P. Scroggins, Environment Canada / Biological Methods; J. Princz, H.
Lemieux, R. Hennessy, Environment Canada / Biological Assessment and
Standarization Section

In 1995, Environment Canada (EC) initiated a multi-year program to develop
biological test methods that could be used to assess the toxicity of contaminants in
soils using terrestrial organisms. The goal was to develop test methods that were
applicable to Canadian soil types using species that were representative of
Canadian soil ecosystems. The creation of a new Environment Canada test method
for measuring survival and reproduction effects in contaminated soil using an
oribatid mite is the latest soil testing methodlogy to be developed into a national
standardized method. The principal procedure is a definitive 28-day test
measuring chronic toxicity using adult survival and number of live juveniles as
endpoints. The mite species recommended as the test organism of choise is Oppia
nitens (C.L. Koch, 1839), a species found in surface soils across Canada. This
toxicity test is based on EC research conducted by staff of the Soil Toxicology
Laboratory. An inter-laboratory validation study will be initiated in January 2016
as part of the EC method standardization process. Eleven ecotoxicology
laboratories from across Canada and Europe have volunteered to participate in this
method ring testing effort. Participating laboratories have been establishing their
O. nitens cultures for the past three months following standard operating
procedures developed by EC. Three rounds of testing are planned for this method
validation project which is schedule to begin in late January 2016. As a parallel
effort, Environment Canada has begun formal method writing with the goal of
having a st draft of the official test method completed before completion of the
ring testing program. An overview of the test method and early results of the
inter-laboratory testing program will be presented.
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Outcome of the Topical Scientific Workshop on Soil Risk Assessment
(Helsinki, October 2015): state-of-the-art and new developments in soil effect
testing

J. Roembke, ECT Oekotoxikologie GmbH; K. van Gestel, VU University
Amsterdam / Ecological Science; A. Kapanen, European Chemicals Agency -
ECHA; V. Poulsen, ANSES / French Agency for Food Environmental and
Occupational Health and Safety; J.F. Sousa, University of Coimbra / Dept Life
Sciences of University of Coimbra; M. Sobanska, European Chemical Agency -
ECHA; A. Catarino, Heriot-Watt University / School of Life Sciences; J.
Tarazona, European Food Safety Authority / Pesticides Unit

The primary objective of this workshop was to review the state of the art
regarding soil risk assessment in view of developing updated scientifically-sound
principles and approaches for assessing ecological risks of chemical substances,
which are released to or reach the soil. The workshop also provided a platform for
academia, regulators and other stakeholders to address how the main long-term
challenges from the regulatory perspective can be reflected and employed in the
current and future research topics on soil risk assessment. The discussions were
reinforced by information on the recent scientific developments and on risk
assessment methodologies applied in chemicals management both within and
outside the European Union. There was a common understanding that the
Ecosystem Services (ES) approach can be a suitable conceptual framework to
define specific protection goals in order to ensure the protection of the
environment including biodiversity. This process encompasses the identification
of ES provided by the soil system and associated species or communities
responsible for the provision of these services (SPUs) through a dialogue with risk
managers. Afterwards, a process for setting reference tiers (allowing direct
comparison with the protection goals) and to calibrate down for intermediate and
lower tiers, is needed. Particularly for the lower tiers, it has to be checked whether
standardized test methods with those relevant species (SPUs) are available. If not,
alternative test species and test methods have to be identified. Very few standard
higher-tier tests are available. Finally, a list of recommendations was prepared by
the workshop participants, providing ideas on how to proceed regarding soil effect
test methodology in the light of the new risk assessment approach. During the
workshop already several topics were identified where harmonisation of the
approaches and international collaboration would bring added value for the soil
risk assessment such as, just to mention a few, defining specific protection goals,
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considering bioavailability in soil risk assessment and defining the concept of soil
biodiversity in the regulatory context. In addition, already concrete proposals were
made about launching activities on defining boundaries for applicability of the
Equilibrium Partition Method approach, considering non-extractable residues,
application of Species Sensitivity Distributions (SSDs) and revisiting assessment
factors (AFs).

Life Cycle Data and Modeling Developments - From Data
Collection to Usage (lll)
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A model and tool to calculate life cycle inventories of chemicals discharged
down the drain

1. Muiioz, 2.-0 LCA consultants; N. Otte, Henkel AG Co KGaA; G. Van Hoof,
Procter & Gamble Services / Environmental Stewardship Organizatino; G.
Rigarlsford, Unilever RD Colworth

A new model and tool to calculate life cycle inventories (LCIs) of chemicals
discharged down the drain is presented. Its main innovation is the fact that it
attributes the exchanges with the technosphere and the environment taking into
account the expected behaviour of individual chemicals in the wastewater
treatment plant (WWTP) and the environment, thus contributing to better decision
making and data availability in the context of the life cycle of chemicals. The
model covers treatment of organic and inorganic chemicals and input variables by
the user include chemical-specific data (composition, phys-chem properties,
half-lives, and fate factors in the WWTP) as well as scenario variables (%
population connected to WWTP, country, nutrient removal in the WWTP, sludge
disposal scenario including landfill, incineration and agriculture). The WWTP is
modelled with a mass and energy balance taking into account the partitioning of
the chemical to air, sludge, treated effluent, and depending on its degradability,
the transformation by microorganisms to CO, and new biomass (excess sludge).
Sludge is treated by means of anaerobic digestion and the fate of any fraction of
chemical released to the environment (e.g. treated effluent, direct discharges) is
assessed with a previously developed model, which calculates greenhouse-gas
(GHG) emissions following degradation in environmental compartments. Besides
GHG emissions, emissions of nutrients (N, P) are also considered. Concerning
sludge disposal by incineration and landfilling, this is assessed by means of the
models developed for the ecoinvent database, whereas reuse of sludge in
agriculture is accounted for by means of tier 1 emission factors from the IPCC.
The model is programmed in an Excel spreadsheet, the WW LCI tool, which
accommodates simultaneous calculations for 30 chemicals, either individually or
as a mixture. The output of the WW LCI tool is a comprehensive LCI linked to
ecoinvent v3 data sets, that can be imported to LCA software in order to
complement a life cycle assessment study of a particular chemical or a chemical
mixture associated to a product or service. This model is the first one to address a
chemical-specific and comprehensive LCI of chemicals discharged down the
drain, including all the described processes. It constitutes an advance over
previous models using generic descriptors like BOD, COD, etc. and constitutes an
advance in how the end-of-life stage of chemicals is addressed in LCA.
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Typology of mixes for world electricity production inventory for CLCA

A. Herbert, EDF R&D / Laboratoire de Génie Chimique U.M.R. 5503
CNRS/INP/UPS; C. Azzaro-Pantel, Laboratoire de Génie Chimique U.M.R. 5503
CNRS/INP/UPS; D. Le Boulch, EDF R&D

Over the past two decades, consequential LCA (CLCA) has emerged as a
modelling approach to assess consequences of either direct or indirect changes.
The development of CLCA has received a lot of interest from practitioners and
requires specific inventory data. These data, often based on economic models are
long to set and require a good understanding of processes. Moreover, no robust
generalised technical databases for consequential LCI about indirect changes have
been provided yet, especially in the case of electricity production, which may lead
to uncertain LCIA results. In that context, the development of more generalized
LCI data represents a major challenge for consequential LCA application. A first
step to address this issue is to better understand electricity production mix
worldwide. So, the aim of this work is to set a typology of electricity production
mixes. The proposed typology is based on the analysis of two factors: the former
involves the composition of electricity production mixes of 94 countries
producing more than 10 TWh in 2012 and the latter is their calculated GHG
(gC0,eq/kWh) assessment from LCA using IPCC 2013 LCIA method?. The
analysis of these two characteristics leads to the determination of a 4-group
typology: very low (0-37), low (37-300), mean (300-600) and high (>600)
emitting countries, each sharing general characteristics about electricity power
generation, i.e., hydraulic/nuclear, hydraulic/nuclear and gas, gas, and coal/ fuel.
The next step of our work is to study the dynamic evolution of some countries
selected from each group of the proposed typology, using historical data. The first
case study will be the France energy system. The comparison of historical and
contemporary observed production data, as previously carried out in the
literature® will help us to identify the uncertainty remaining in evaluating
electricity production processes, and so the consequences of integrating such data
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in consequential LCT. \n'The Shift Project. 2012. TSP Data Portal.
tsp-data-portal.org. Accessed 03/16/2015. *IPCC, 2013: Climate Change 2013:
The Physical Science Basis. Cambridge University Press, Cambridge, United
Kingdom and New York, 1535 pp *Mathiesen et al., « Uncertainties related to the
identification of the marginal energy technology in consequential life cycle
assessments », J. Clean. Prod., vol. 17,n°15, p. 1331-1338, oct. 2009
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Multiple recycling loops in attributional LCA - Misconceptions and solutions
D. Schrijvers, University of Bordeaux; P. Loubet, G. Sonnemann, University of
Bordeaux / The Life Cycle Group CyVi

Modelling of recycling in LCA has always been an important topic for discussion.
It is often argued that the modelling method should reflect the benefits of multiple
recycling loops. Some guidance on this area is given in ISO/TR 14049: the
avoided burden method is proposed if the material is recycled without loss of
inherent properties, and the number of (future) uses of the material is used to
calculate the inventory per life cycle when the material undergoes changes in its
inherent properties. However, it is questionable whether this guidance is suitable
for attributional LCA. In the attributional database of ecoinvent 3, the life cycle
inventory is partitioned over the co-products of multifunctional processes by
“allocation at the point of substitution”. We show that this method is equally
applicable to materials that are recycled at the end of life. We propose a new
formula that calculates the LCI of one life cycle of a material, considering the
consumption and production of co-products and recycled materials in that life
cycle. If the consumed recycled material has been recycled several times before,
the formula can be solved to calculate the inventory after a definite or infinite
number of recycling loops. The adapted formula can be applied when the material
is recycled via a material pool where the inventory regarding the primary
production, recycling activities and waste treatment are similar in other product
systems, and the average recycled content and the end-of-life recycling rate in the
material market can be determined. The LCI after a large number (>5) of
recycling loops corresponds to the avoided burden approach as described by
ISO/TR 14049, only when the recycled content and the end-of-life recycling rate
are equal. This is not a realistic condition for most materials. Therefore, it is
important to distinguish these rates, which is not done in the current application of
the avoided burden method. Other methods that consider multiple recycling loops
often refer to downstream recycling activities. We show that only multiple
recycling loops in the past are relevant in an attributional LCA. Whether the
produced recycled material at the end of life can be recycled again in the future, is
outside the scope of an attributional LCA that focuses on one product life cycle.
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Methodological Guidelines for the Life Cycle Inventory of Agricultural
Products

X. Bengoa, Quantis; J. Lansche, Agroscope Reckenholz-Ténikon Research Station
ART; V. Magaud, Quantis; P. Mouron, ART Agroscope; T. Nemecek, Agroscope
/ Institute for Sustainability Sciences ISS; E. Riedener, ART Agroscope; V. Rossi,
M. Vargas, Quantis

In 2012, the sustainability consultancy Quantis[1] and Agroscope[2], the Swiss
Federal research institution for agriculture, joined their forces to create a unique
international consortium of nine major, global, private companies from the
agro-food value-chain[3] and two governmental agencies[4] into what would
become the World Food LCA Database (WFLDB) project. Three years later, 400
datasets for crops, animal products and food products in 40 countries were
delivered to the project partners and submitted to the ecoinvent Centre for
publication in 2016 and 2017. Thereby, the entirety of the project developments
are made available to a broad public of LCA and sustainability practitioners. A
major outcome of WFLDB was the development of the Methodological
Guidelines for the Life Cycle Inventory of Agricultural Products[5], a detailed and
comprehensive guidance for inventory modelling of agricultural and food systems.
To date, these are among the very few — if not the only — peer reviewed documents
providing detailed and operational guidance applying to a wide variety of
agricultural systems and countries, from farm to plate. The Guidelines are based
on existing scientific emission models and are compliant with the most recognised
standards (ISO, ILCD, ecoinvent, IPCC). They are also to a large extent aligned
with draft Product Environmental Footprint Category Rules (PEFCR) for several
sectors. All key methodological issues relevant to agro-food systems are
addressed, such as the definition of system boundaries, co-products allocation,
inventory modelling for fertiliser and pesticides, emission flows, water modelling
and land use change. A unique set of data collection principles combining
statistical data from FAO and agronomic extrapolations was applied to generate
consistent LCI data. Innovative approaches were developed where no global
consensus is yet available, such as the modelling of land use change. The
Guidelines were first made public in August 2014 and then updated in July 2015.
The current version (v3.0) aims to serve as an open reference for LCA
practitioners and LCI database developers. The second phase of the WFLDB
project, starting in 2016, will further work on improving datasets and expanding
these guidelines in cooperation with all stakeholders. Thereby we consider the
latest methodological developments and global consensus on key topics such as
pesticides emissions modelling, land use change or carbon sequestration in
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grassland.
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Process simulation to improve LCI modelling of new technologies - Case
study on source-separated urine treatment

E. Igos, Luxembourg Institute of Science and Technology (LIST) / Environmental
Research and Innovation; M. Besson, Luxembourg Institute of Science and
Technology; E. Benetto, Luxembourg Institute of Science and Technology (LIST)
/ Environmental Research and Innovation; A.B. Bisinella De Faria, L.
Tiruta-Barna, M. Sperandio, A. Ahmadi, Université de Toulouse / INSA UPS INP
LISBP

Data collection for Life Cycle Assessment (LCA) of new technologies appears to
be challenging (instability of lab/pilot scale, up-scaling uncertainties). The
integration of these computational tools within Life Cycle Inventory (LCI) models
could be beneficial to the stability and consistency of LCA. This line of research
has been followed within the FP7 project ValuefromUrine, where an innovative
urine treatment (VFU) has been developed to recover nutrients and increase Waste
Water Treatment Plant (WWTP) efficiency. Three scenarios are tested: (i)
Reference (conventional WWTP), (ii) small VFU (pilot scale VFU installed in
buildings treat 10% of urine) and (iii) large VFU (up-scaled VFU integrated in
WWTP treat 50% of urine). The functional unit is the treatment of 1 m® of
wastewater. Foreground processes are simulated through Python functions for
VFU technology (mass balances, electrochemistry, engineering) and SUMO
process engineering tool for WWTP. These models, currently under validation,
depend on input variables (design parameters, scenario variables, assumptions) for
which uncertainty can be defined. The LCI outputs are integrated in the
open-source Brighway?2 tool. The fertilizers and energy recovered are assumed to
avoid the production of conventional market products. Preliminary results,
focusing on VFU technology, shows the influence of molar ratio dosing Mg:P on
LCI data (other design parameters will be later analysed). Increasing this ratio
generates additional impacts linked to magnesium chloride consumption but is
also beneficial regarding the avoided production of phosphate-based fertilizer. The
environmental profile of VFU technology is mainly driven by the consumption
and transport of chemicals, polypropylene (in infrastructures) and the avoided
production of fertilizers. The main innovation in this work is the integration of
process simulation tools with LCI modelling, in order to cope with the lack of data
for new technologies (e.g. use of complex and reliable modelling tools) and to
improve results interpretation (data relationships, uncertainty analysis, etc.).
Furthermore, this approach, coupled to an optimization algorithm, could
determine the optimal design parameters. The authors also stress the difficulty to
perform advanced modelling and analyses with commercial LCA software. The
use of an open-source platform such as Brightway?2 solves the problem but
requires programming competences (potential barrier for LCA practitionners).
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Impacts of severe wet-weather events: How to account for temporal
variability of unmanaged peak flows in an urban sewage treatment system?
E. Risch, IRSTEA Montpellier / UMR ITAP; j. gasperi, LEESU / LEESU
laboratoire eaux environnement et systémes urbains; M. Gromaire, ParisEst
University / LEESU laboratoire eaux environnement et systémes urbains; G.
Chebbo, ParisEst University / Leesu; S. Azimi, SIAAP / Direction du
Développement et de la Prospective; V. Rocher, SIAAP; P. Roux, National
Research Institute of Science and Technology for Environment and Agriculture
Irstea / UMR ITAP ELSA; R K. Rosenbaum, National Research Institute of
Science and Technology for Environment and Agriculture - Irstea / UMR ITAP;
C. Sinfort, Montpellier SupAgro / ELSA Group UMR ITAP

In typical life cycle impact assessment (LCIA) studies of urban wastewater
systems (UWS), average conditions are modelled but there are many annual
flooding events with releases of untreated sewage. Such peak conditions are not
considered and present a high temporal variability which is not currently
accounted for. In addition, the aggregation of the loads from several storm events
could bring an issue for the impact assessment on the aquatic categories of
eutrophication and ecotoxicity. Hence we are investigating the contributions of
these wet weather-induced discharges along with the inclusion of temporal
variability in the life cycle inventory (LCI) for UWS. In the framework of the
OPUR research programme (Observatory of Urban Pollutants) and in
collaboration with the Paris public sanitation service (SIAAP), this work aimed at
identifying and describing contributing flows from the UWS in the Paris area by a
selection of routine wastewater parameters and priority pollutants. This collected
data is organized according to archetypical weather days over a 24-hr span.
Secondly, for each archetypical weather days and its associated flows to the
receiving river water (Seine) the parameters of pollutant loads (statistical
distribution of concentrations and volumes) are determined with statistical
treatment of data. Then, the inventory flows (i.e. the potential loads from the
UWS) can be used as inputs in a classical LCA to investigate the relative
importance of episodic wet weather versus “continuous” dry weather loads
coupled to further uncertainty analysis using a Monte Carlo method. Results
analysis showed that a few severe events can be important contributors to the total
annual pollutant load on some parameters (routine wastewater pollutants but also
priority pollutants). The proposed method based on the definition and
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characterization of archetypical weather days has shown the appropriate level of
temporal differentiation in the LCI to assess the impacts from unmanaged
pollutant loads from UWS during intense storm events. With such significant
contributions of pollutant loads at the LCIA level, further research is required to
include temporally-differentiated emissions in the methodological framework of
the aquatic categories of eutrophication and ecotoxicity, to better understand how
the performance of an UWS system affects the receiving environment for given
local weather conditions.

Innovative techniques for monitoring chemicals in the
environment

162

Analysis of 42 pesticides in fresh fish muscle by dispersive solid phase
extraction with QuEChERS followed by LC-MS/MS analysis

M. Lopez de Alda; N. Guillem-Argiles, J.I. Simionato, CSIC Spanish National
Research Council / Institute of Environmental Assessment and Water Research
IDAEA; D. Barcelo, IIQAB-CSIC / Dept Environmental Chemistry
Multi-residue analytical methods for determination of pesticides in biota samples
are scant in the literature. The present study describes a high sensitivity and
selectivity method based on dispersive solid phase extraction with QUEChERS
followed by liquid chromatography-tandem mass spectrometry (LC-MS/MS)
analysis for determination of a range of different polarity pesticides in fresh fish
muscle and its subsequent application to various real samples in order to, first,
prove its suitability, and, secondly, have a first picture of the occurrence of the
compounds investigated in the matrix under study. A total of 49 pesticides,
belonging to the classes of organophosphorus, pyrethroids, carbamates, triazines,
ureas and chloroacetamides, among others, were initially considered for analysis.
Extraction of the pesticides from the biota samples (10 g) was performed with
QuEChERS kits using acetonitrile (1:1 w/v), 4g MgSO,, 1g NaCl, 1g NaCitrate
and 0.5 g disodium citrate sesquihydrate, and subsequent clean-up with 400 mg
PSA, 400 mg C18 and 1200 mg MgSO,. LC was performed with a Purospher
STAR RP-18e column (125 x 2 mm, 5 gm). MS/MS detection was carried out in
the selected reaction monitoring (SRM) mode with a triple-quadrupole mass
spectrometer equipped with an electrospray (ESI) interface working in both
positive and negative ion modes along the analytical run. Quantification was
performed by the isotope dilution method, based on the peak areas obtained for
the analytes and their deuterated analogues. The performance of the analytical
method was evaluated in terms of linearity, sensitivity, accuracy, matrix effects
and precision, according to the guidelines set for pesticide residues analysis in
food and feed (SANCO/12495/2011), with satisfactory results for 42 out of the 49
initially considered compounds. As regards sensitivity, most of the target
compounds could be determined at levels below 10 ng/g. Application of the
method to a set of real samples showed the presence of some of the target
compounds in fish muscles at relatively low levels (in the ng/g range). Main
advantages of the method are, in addition to high sensitivity and selectivity,
simplicity, rapidity and relatively low cost. Acknowledgement - The authors thank
the financial support of the EU (FP7 projects GLOBAQUA (265264) and
SOLUTIONS (603437)) and the Generalitat de Catalunya (Consolidated Research
Groups “2014 SGR 418 - Water and Soil Quality Unit” and 2014 SGR 291 -
ICRA).
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Development of new analytical techniques for monitoring of POPs and
emerging environmental contaminants

Y. Sapozhnikova, USDA / ARS; L. Han, China Agricultural University / College
of Science; J. Matarrita-Rodriguez, Universidad de Costa Rica UCR / Centro de
Investigacion en Contaminacién Ambiental; S. Lehotay, USDA / ARS

Reliable and accurate analytical techniques are essential in order to study the
occurrence, behavior, and fate of known and emerging environmental
contaminants. The aim of this work was to develop a fast, simple, high-throughput
analytical method for simultaneous determination of diverse persistent organic
pollutants (POPs): carcinogenic PAHs, dioxin-like PCBs, and PBDEs and other
flame retardants (FRs) along with diverse pesticides in a single analysis to
improve the monitoring of these contaminants. Sample preparation for biological
samples including fish (catfish, salmon, wreckfish) and shrimp was based on
quick, easy, cheap, effective, rugged and safe (QuEChERS) extraction with
acetonitrile followed by clean-up using dispersive solid phase extraction (d-SPE).
The sample preparation is fast and inexpensive, where one analyst can prepare a
batch of 10 pre-homogenized samples in one hour, using approximately $3 of
materials per sample. The analysis entails fast low-pressure (LP) gas
chromatography (GC) tandem triple quadrupole mass spectrometry (MS/MS)
allowing separation of over 200 compounds and internal standards in 10 min.
Satisfactory recoveries (70-120%) were achieved for the majority of analytes with
relative standard deviations under 20% even at 1-5 ng/g spiking levels. To
minimize sample size, and reduce amounts of organic solvents and internal
standards added before the extraction, we evaluated variables affecting
QuEChERS-based extraction yields of incurred contaminants in fish samples. Our
results demonstrated that 2 g subsamples were adequate for analysis of the
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incurred contaminants. Smaller test portion size often translates into faster, easier,
and less wasteful methods, provided that the subsample adequately represents the
original sample. To further improve identification of contaminants and to achieve
lower detection limits, we are currently evaluating a new Agilent 7010 high
sensitivity MS/MS. Also, novel lipid-removal materials and new sorbents were
recently evaluated for the analysis of contaminants in salmon. The monitoring
data on the occurrence of these contaminants may advance our understanding of
their potential risk and aid in future risk assessment for the better protection of
human health and the environment.
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Two-dimensional algal arrays as innovative biosensing tool

C. SUSCILLON SIEBMAN, University of Geneva / Section of Earth and
Environmental Sciences Institute Forel; O.D. Velev, North Carolina State
University / Department of Chemical and Biomolecular Engineering; V.
Slaveykova, University of Geneva / Section of Earth and Environmental Sciences
Institute Forel

Because of their rapidity and sensitivity, microalgal biosensors can be used as
early warning systems to detect early effects on organisms exposed to chemical in
environmental samples. Among all the biological endpoints explored in whole-cell
biosensors, chlorophyll a fluorescence is known as a routine technique for the
determination of the stress effect and reactive oxygen species (ROS) production is
becoming a promising key marker to evaluate chemicals toxicity in the
environment. However reproducible immobilization of the living cells in facile
array format for biosensing is still challenging and their viability is difficult to
maintain. In this context, alternative current (AC) dielectrophoresis (DEP) allows
a rapid and reversible assembly of live cells from aqueous sample. In our study, an
alternative current (AC) dielectrophoretic lab-on-chip setup was evaluated as a
rapid tool to collect and assemble cells of microalga Chlamydomonas reinhardtii
in two-dimensional (2D) arrays. Combined with fluorescence microscopy
detection, the capability of using the 2D whole cell arrays to follow the algal
sub-toxic response to several environmental contaminants, including mercury,
methylmercury, copper, copper oxide nanoparticles (CuO-NPs), and diuron was
explored. The results showed significant increase of the cellular ROS when C.
reinhardtii was exposed to increasing concentrations of methylmercury, CuO-NPs
and 10° M Cu, as revealed by enhancement of the CellROX® stain cells. Less
sensitive to short term exposure to contaminants was algal autofluorescence,
which decrease only upon exposure Hg, CuO-NPs and high concentrations of
copper. Overall, this study demonstrates the potential of combining of
AC-dielectrophoretically assembled two-dimensional algal array with
fluorescence detection, alone or in combination with fluorescence stain, as a rapid
and multiplex biosensing tool for environmental chemicals and toxins. Indeed, this
tool allowed simultaneous monitoring of the temporal trends in cellular ROS
generation and chlorophyll a fluorescence and significant results were detected in
less than 2h.
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Quantification of emerging micropollutants in an amphipod crustacean by
nanoliquid chromatography coupled with mass spectrometry in MRM3 mode
M. Sordet, Institut des Sciences Analytiques / UMR  Equipe Traces rue de la
Doua Villeurbanne France; A. Berlioz-Barbier, Institut des Sciences
Analytiques; A. Buleté, Institut des Sciences Analytiques / UMR  Equipe Traces
rue de la Doua  Villeurbanne France; J. Garric, Irstea Lyon / Ecotoxicological
Laboratory; E. Vulliet, CNRS / TRACES Team

Over the last decades, human activities (industries, agriculture, transports,
consumption, urbanization...) and their impacts on the environment have not
ceased to increase. Many molecules related to these activities are released to the
environment and their occurrences within aquatic ecosystem become an important
issue. In particular, the dose-response relationships of emerging pollutants on
organisms at lower trophic levels remain little-known. In order to conduct
biomonitoring studies, it is necessary to acquire knowledge about the kinetics of
bioconcentration and depuration of these molecules within species, taking into
account the inter-individual variability. In this context, an innovative analytical
method was developed to quantify, in an amphipod crustacean (Gammarus
fossarum), three emerging micropollutants known as anthropic pollution markers:
carbamazepine, oxazepam and testosterone which are respectively an
anticonvulsant, an anxiolytic and an endogenous hormone. A salting out
liquid-liquid extraction, known as QUEChERS (Quick, Easy, Cheap, Effective,
Rugged and Safe) was miniaturized and optimized. The miniaturization of the
method made it possible to adapt to the low mass sample (approximatively 5 mg
dry weight) and to perform the analysis at the scale of a single organism. Beside
an efficient sample preparation, ultra-trace analysis of compounds in such
matrices of small size requires a good sensitivity. Therefore, an original coupling
was developed. It consisted of a separation by nanoliquid chromatography
(nanoLC) coupled to tandem mass spectrometry using multiple reaction
monitoring cubed mode (MRM?). For the nanoL.C separation, a preconcentration
system by on-column trapping was optimized to increase the injection volume. In
order to keep both sensitivity and selectivity, detection is usually performed by
mass spectrometry in multiple reaction monitoring mode (MRM). Nevertheless,
proteomic studies showed that sensitivity and selectivity could be improved using
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MRM?® mode. This technic was developed in this project and compared to the
classic MRM. In the best of our knowledge, this was the first time that MRM?>was
used for small molecule ( The analytical strategy developed allowed to obtain
limits of quantification lower than 1 ng.g"' (wet weight) and to establish the
kinetics of bioconcentration of contaminants within G. fossarum.
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Time Integrating, Micro Flow, In-line Extraction (TIMFIE) sampler for
determination of pesticide concentrations in water - a new quantitative tool in
pollution monitoring

0. Jonsson, E. Paulsson, Swedish University of Agricultural Sciences (SLU) /
Department of Aquatic Sciences and Assessment

There is a gap between the need for adequate concentration measurement of
pesticides and other organic pollutants in water and the usefulness of the field
sampling procedures available. In response to this a new device for quantitative,
time integrated whole water sampling and simultaneous in-field extraction has
been developed. The TIMFIE sampler is easily assembled from inexpensive
laboratory consumables and requires no electricity or other supporting equipment.
It consists of a simple syringe pump connected to a flow restrictor (PEEK
capillary) that enables a low microliter per minute water flow through an in-line
solid phase extraction (SPE) cartridge. The force that slowly fills the syringe is
accomplished by attaching a rubber band or a weight to the piston, or through
applying under pressure in the syringe by pulling and locking the piston prior to
sampling. Target compounds are continuously extracted and trapped on the SPE
material during the sampling period. The extracted water ends up in the syringe
barrel and after finished sampling the sample volume is determined and the SPE
cartridge sent to the analytical lab where it is handled according to standard
protocols, typically followed by gas or liquid chromatography coupled to mass
spectrometric detection. Method development and validation is similar to standard
SPE procedures and the large number of SPE packing materials available together
with the possibility of stacking cartridges in series offers flexibility. The flowrate,
and in the end the sample volume, will mostly depend on the force applied, the
diameter of the syringe and the diameter and length of the restrictor, but also on
e.g. temperature since this affects water viscosity. By altering the controllable
variables of the TIMFIE sampler the flow can be adjusted to enable sampling
periods from hours up to weeks. The final volume collected during a certain time
period will differ between sampling occasions, but the sampled/extracted water
volume will always be determined with good accuracy, thus enabling quantitative
analysis. The TIMFIE sampler offers:\n - Time-averaged sampling of whole
water. \n - Quantitative determination of compound concentrations by
well-defined procedures. \n - Low price, easy assembling and high flexibility. \n -
Minimised costs for shipping and storage of samples. Experiences and results
from lab and field experiments looking at pesticides in surface water will be
presented.
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High throughput microbial array for complex matrix assessment

M. DURAND, University of Nantes / IUT Genie Biologique; A. Hua, University
of Nantes / CNRS UMR GEPEA; S. Jouanneau, University of Nantes / GEPEA
CNRS UMR CBAC Laboratory; M. Cregut, University of Nantes / GB; T.
Gerald, University of Nantes / Microbiology

Ecotoxicological assessment using different bioassays for environmental sample
are largely used this last 20 years. Amoung them recombinant bioluminescent or
fluorescent bacterial bioassays have been developed to determine the presence and
the toxic effect of pollutants, because even if chemical analysis are sensitive and
specific, they failed in the determination of the bioaccessibility and
biodisponibility of the pollutant. All the recombinant bacteria carried out fusion
between reporters genes (lux CDABE for bioluminescence and gfp for
fluorescence) and the promoter of genes involved in metal resistance mechanisms
(for metal detection) or genes involved in degradation of organic compounds.
These bioassays are generally not specific for one compound, in particular those
dedicated for Metal trace element (MTE), leading to a difficult application in
complex media. In order to overcome this problem, we used an array of
bioluminescent and fluorescent recombinant bacteria with different
cross-sensitivity to MTE and organic pollutant. We combined the bacterial
response of all the bacteria to obtained a database. In a frist approche we used a
set of bioluminescent recombinant bacteria sensitive to MTE, we build a database
with the results of the induction of the bacteria exposed to 15 metal and metal
mixture. Four specific decision trees based on CHAID algorithm were designed
and tested on waste water. The result showed that the concentrations of MTE
detected by our model match the chemical measurements. In a second approche
we completed our panel of bioluminescent bacteria to improve our model by using
a collection of 1930 fluorescent bacteria. Prelimimary results obtained on
complexe envrionmental samples (wood-waste leachates) showed variation of
bacterial response according to the contamination allowing an interesting method
of screening. We propose a mixture of targeted and non targeted highthroughput
arrays of bacteria to describe more realistically the toxicity of very unusual
complex matrix combined with data mining interpretation.

Biological effects of emerging micro pollutants at realistic
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Non-steroidal anti-inflammatory drug diclofenac disturbs the prostaglandin
system in the marine mussel Mytilus galloprovincialis

F. Courant, Université de Montpellier - UMR 5569 Hydrosciences; L.
Arpin-Pont, Université de Montpellier - UMR 5569 Hydrosciences / UMR
Hydrosciences Montpellier; B. Bonnefille, S. Vacher, M. Picot-Groz, Université
de Montpellier - UMR 5569 Hydrosciences; E. Grousset, Université de
Montpellier - UMR 9190 MARBEC; E. Gomez, Université de Montpellier,
Hydrosciences Montpellier UMR 5569 / Sc Environnement Sante Publique; H.
FENET, Université de Montpellier - UMR 5569 Hydrosciences / UFR des
Sciences Pharmaceutiques

Human pharmaceuticals, such as nonsteroidal anti-inflammatory drugs (NSAIDs),
are an emerging environmental threat to marine organisms. Bioaccumulation in
aquatic organisms along with possible ecotoxicological effects may then be of
concern, as shown by the inclusion of diclofenac (DCF) in the first watch list by
the EU Water Framework Directive. It is possible to hypothesize that these
compounds will be pharmacologically active in organisms in which the drug
targets are expressed and functional. In humans, NSAIDs act through inhibition of
cyclooxygenase (COX) conversion of arachidonic acid into prostaglandins. PGs
are conserved lipid signaling molecules that mediate a wide array of biological
functions [1]. There have been many reports of PG biosynthesis in a broad range
of invertebrates, including bivalves [2]. Therefore, modulation of PG production
in marine bivalves following exposure to DCF is worth questioning. The objective
of this study was thus to investigate whether diclofenac (DCF) affects PG levels in
marine mussels Mytilus galloprovincialis. An experiment was carried out whereby
marine mussels were exposed to DCF for 48 h to 1 and 100 pg/L DCF. A specific
and sensitive analytical method using liquid chromatography tandem mass
spectrometry was developed to quantify DCF accumulation in marine mussel
tissues. The developed method could also clearly identify and quantify
prostaglandins PGE,, PGD, and PGF,a levels in mussel tissue and be used to
assess their modulation following DCF exposure. Measured concentrations of
DCF in water were relatively close to the nominal concentrations for all exposed
aquaria. A low bioconcentration was calculated at 26.4 L/kg. The weak
bioaccumulation of DCF observed is consistent with its possible
biotransformation in the organisms, supported by the detection of
hydroxy-diclofenac metabolites in exposed organisms and water. Basal PGE,
concentrations ranged from under the limit of detection (LoD) to 202 pug/kg dw.
PGD, was always found below the LoD. A downward trend in the PGE,
concentration was observed between non-exposed mussels and those exposed to

1 ug/L DCF, whereas this decrease was confirmed and statistically significant for
exposure to 100 yg/L. PGF2a globally ranged from 90 to 518 pg/kg dw. No
difference was observed for PGF,a levels between controls and exposed
organisms. [1] Tootle, T.L., 2013. Int. J. Biochem. Cell Biol. 45, 1629-1632. [2]
Martinez, G. et al. 1999. J. Exp. Zool. 284, 225-231.
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Effects of Gadolinium-based contrast agents used in magnetic resonance
imaging on freshwater mussels.

E. Perrat, Laboratory LIEC CNRS UMR UdL; M. Parant, Universite de
Lorraine; C. Rosin, ANSES; C. Cossu-Leguille, Universite de Lorraine

Contrast agents based gadolinium (Gd-CA) are often used in Magnetic Resonance
Imaging (MRI). After blood injection these compounds are released by urinary
rejection. Due to the lack of specific recycling process in European Waste Water
Treatment Plants (WWTPs), these pharmaceutical compounds enter the aquatic
environment from river to tap water (Bau & Dulski, 1996). Until now, the effects
of these compounds on living organisms has been approached in medical
conditions i.e. 10° yg.L"! range of concentration. During this study, toxicity and
bioaccumulation of Gd-CA were followed at realistic environmental
concentrations on two species of freshwater mussels (Corbicula fluminea and
Dreisseina bugdensis). Gd concentrations and bioconcentration factors (BCF)
were measured in mussels’ tissues by ICP-MS analysis in bivalves exposed during
7 and 21 days : (i) in situ along a section of the Mosel River located around
WWTP output and (ii) in laboratory in presence of the most currently used Gd-CA
(Dotarem®) in realistic concentrations (1 and 10 pg.L-1) according to our
previous studies (Perrat et al.,submitted). Moreover, ecotoxicological effects were
evaluated via a battery of complementary biomarkers in mussels, i.e. catalase
(CAT), caspase-3 (CSP-3), glutathione-S-transferase (GST), acid phosphatase
(ACP), glutathione peroxidase (GPx), lactate dehydrogenase (LDH), lipid
peroxidation (LOOH), electron transport system attached to the mitochondria
(ETS), and the total antioxidant capacity (TAC). Our results showed an increase
of Gd concentrations in the digestive gland of mussels after 21 days of exposure;
however Gd-CA is less accumulated by Corbicula fluminea (BCF = 11) than
Dreisseina bugdensis (BCF = 20). In laboratory, no mortality was observed on
bivalves. Biomarkers measurements showed an impact of Gd-CA on bivalves
suggesting establishment of detoxification mechanisms in Corbicula fluminea
tissues; e.g. an increasing of TAC level for Dreisseina bugdensis after 7 days of
exposure. Gd-CA exposition seems to induce antioxidant mechanisms to protect
the organism (Doherty et al., 1987). This study presents ecotoxicological effects
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and accumulation of Gd in bivalves in realistic conditions of exposure to Gd-CA.
To go further, we will implement bioaccumulation and toxicity assays with other
aquatic organisms and effects along a short trophic chain (algae-daphnids-fish).
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The marine mussel Mytilus galloprovincialis bioconcentrate and metabolize
antidepressant pharmaceutical venlafaxine

E. Gomez, Université de Montpellier, Hydrosciences Montpellier UMR 5569 / Sc¢
Environnement Sante Publique; C. Boillot, Université Montpellier 1; M.
MARTINEZ BUENO, Université de Montpellier - UMR 5569 Hydrosciences /
Hydrosciences Montpellier; D. Munaron, IFREMER / Laboratoire Environnement
et Ressources du LanguedocRoussillon; O. Mathieu, CHU Montpellier /
Département de Pharmacologie Médicale et Toxicologie Hopital Lapeyronie; H.
FENET, Université de Montpellier - UMR 5569 Hydrosciences / UFR des
Sciences Pharmaceutiques

A significant investment in research has been conducted to define exposures and
potential hazards of pharmaceuticals in freshwater and terrestrial ecosystems. In
contrast, comparatively few empirical studies have been conducted for
pharmaceuticals that are likely to enter coastal and marine ecosystems[1,2]. The
antidepressant venlafaxine (VLF) and some of its metabolites were recently found
in mussels caged in a coastal site receiving treated wastewater[3]. In those marine
organisms, very scarce data is available on the accumulation and/or metabolisation
of pharmaceuticals. Consequently, it appears hazardous to conclude on the origin
of those metabolites in mussels, which could include a bioaccumulation through
direct exposure as well as a metabolism of VLF in mussels. The aim of the present
work was to quantify the accumulation of VLF in the marine mussel Mytilus
galloprovincialis and to evaluate the possible metabolism in laboratory controlled
experiments. The accumulation of VLF was evaluated in the whole mussel tissues
after 1, 3 and 7 days of semi-static exposure by water (10ug L-1day-1) followed
by 1,3 and 7 days of depuration. Under those conditions, VLF attained an average
tissue concentration of (n=3) 2146.3 + 156.0 ng g-1 dry weight (d.w.) in seven
days. The kinetic bioconcentration factor (BCF) was 265 + 19 L kg-1 d.w. Seven
days of depuration allowed a decrease of tissue concentration to 21 + 1.0 ng g-1
d.w. Four VLF metabolites were quantified in mussel tissues and excreted in
water. The kinetics of those metabolites in water confirmed the metabolism of
VLF by mussels. Complementary experiment conducted at 1, 10 and 100 pL L-1
nominal concentration clearly confirmed that M. galloprovincialis metabolize
VLF, with the quantification of studied metabolites excepted the NNO-VLF.
These results gave a first approach on the ability of mussel to metabolize
pharmaceuticals. Together with bioaccumulation information, this study provided
a first approach on the pharmacokinetics of a pharmaceutical in a wild marine
species, underlining the need of further experiments to better understand how
venlafaxine modulate the receptors in mussels and how exposure to this
antidepressant affects physiological functions of invertebrates. [1] Arpin-Pont, L.,
ESPR. Doi : 10.1007/s11356-014-3617-x. [2] Gaw, S., Philos Trans R Soc Lond
B Biol Sci. 2014; 369(1656): 20130572. [3] Martinez Bueno, M.J., Anal Bioanal
Chem 2014; 406:601-610.
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Mechanism study for cardio negative effect of propranolol to Daphnia magna
by utilizing acute toxicity syndrome

T. Jeong, Gwangju Institute of Science and Technology

Acute toxicity syndrome is a set of biological responses in behavioral,
physiological parameters resulted from distinguishable toxic mechanism. In
aquatic toxicology field, monitoring study for the syndromes has been conducted
to fish and has proven ability to categorize chemical agents based on their
mechanism of action because different molecular stimulation result in different
visible outcomes. In this study, we tried to distinguish mode of action of
propranolol, a human pharmaceutical ingredient, which is usually considered as a
baseline toxic chemical to aquatic non-targeted species based on lethal
concentration from QSAR. Daphnia magna was employed as a model organism
and not only phenotypical outcomes but also metabolomics profiling were
monitored for more stereoscopic insight in mechanism characterization. Narcotic
agents (4-chloroanilin, ethylacetate), f-adrenergic receptor and 5-
hydroxytryptamine receptor antagonists (nadolol, yohimbine, cyproheptadine)
were treated with propranolol to Daphnia magna and their syndromes were
compared to categorize potential mechanism of propranolol. Syndromes include
swimming behavior, heartbeat and metabolite profiling. In the time series
monitoring during 24h of swimming behavior, Daphnia magna tend to be
deactivated at high concentration of propranolol. Likewise, nadolol and yohimbine
showed hypo activity as time goes by in effective concentrations. In opposite,
exposure of cyproheptadine resulted in hyper activity and narcotic agents showed
recovery in swimming activity after severe temporary deactivation.
Activity-concentration relationship was compared between swimming behavior
and heartbeat at 6h. Although propranolol exposure affect to both swimming
behavior and heartbeat, heartbeat was decreased at concentrations where no effect
on swimming behavior was observed. Most similar pattern was observed from
nadolol exposure and yohimbine also showed similar relationship with higher
effect on swimming activity. For 4-chloroaniline and ethylacetate, swimming
behavior was so sensitive that several concentrations showed deactivation without

41



significant heartbeat effect. NMR Analysis is now being conducted for metabolite
profiling and the result will be combined and be presented. We expect that
metabolite profiling provide information how metabolism balance changed with
chemical exposure and stricter categorization tool by integration with visible
outcomes described above.
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Environmentally relevant concentrations of antidepressants alter behaviour
and gene expression in amphipods

A. Ford, A. Green Extabe, University of Portsmouth / Biological Sciences; M.C.
Bossus, University of Portsmouth; S. Short, S. Kolher, University of Portsmouth /
Biological Sciences; A. Love, Sparsholt College / School of Biological Sciences;
Y Z. Guler, University of Portsmouth

The effects of antidepressants on wildlife are currently raising some concern due
to an increased number of publications indicating biological effects at
environmentally relevant concentrations (< 100ng/L). These results have been met
with some scepticism due to the higher concentrations required to detect effects in
some species and the perceived slowness to therapeutic effects recorded in
humans and other vertebrates. Since their mode of action is thought to be by
modulation of the neurotransmitters serotonin, dopamine, and norepinephrine,
aquatic invertebrates that possess transporters and receptors sensitive to activation
by these pharmaceuticals are potentially affected by them. We highlight studies on
the effects of antidepressants, on particularly crustacean groups showing they are
susceptible to a wide variety of neuroendocrine disruption at environmentally
relevant concentrations (< 100ng/L). Behavioural and transcriptional changes in
this crustacean were studied when exposed to the most prescribed SSRIs
(citalopram, sertraline and fluoxetine), SARI (trazodone) and SNRI (duloxetine).
The animals were exposed to these five drugs at environmentally relevant
concentrations from 0.001 to 1 pg/L during short-term (1 hour and 1 day) and
medium-term (8 days) experiments. The movement of the amphipods was tracked
using the behavioural analysis software during 12 min alternating dark/light
conditions. Antidepressant concentration had a significant effect (p <0.01) on
velocity for Duloxetine (1hr, 1day & 8days); Sertraline (1hr & 1day) and
Fluoxetine (1day) but not trazodone or citralopram (p > 0.05). We have also
applied high-throughput sequencing technology to animals exposed to 100ng/L
concentrations of sertraline, fluoxetine and duloxetine to reveal the broad
transcriptomic responses to these compounds. Preliminary analysis of gene
expression profiles indicates a broad range of potential neurological pathways
confirming that these drugs have multiple targets. In the light of new studies
indicating effects on the human brain with just of dose of SSRIs using MRI scans,
we discuss possible reasons for the discrepancy in former results in relation to the
“read-across” hypothesis.

Ecotoxicology and risk assessment of nanomaterials -
Interactions at nano-bio interface (1)
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Eco-interactions of engineered nanoparticles in sea water media and
implications for toxicity

G. Grassi, University of Siena / Department of Physical Earth and Environmental
Sciences; e. bergami, University of Siena / Physical Earth and Environmental
Sciences; E. Bocci, University of Siena; L. Manfra, Institute for Environmental
Protection and Research; M.P. Monopoli, University College Dublin / Centre for
BioNano Interactions School of Chemistry and Chemical Biology; A. Salvati,
University of Groningen / Groningen Research Institute of Pharmacy Division
Pharmacokinetics Toxicology and Targeting; A. Atrei, University of Siena /
Department of Biotechnology Chemistry and Pharmacy; K.A. Dawson, University
College Dublin / Centre for BioNano Interaction School of Chemistry and
Chemical Biology; I. Corsi, University of Siena / Department of Physical Earth
and Environmental Sciences

The physico-chemical properties of engineered nanoparticles (NPs) such as
specific surface charges might play a crucial role in their behavior in complex
natural media as sea water, with implications on cellular uptake and toxicity in
exposed organisms. In this study, we investigate the ecotoxicity of nano-TiO, (25
nm), PS-COOH (40 nm) and nano-SiO, (100 nm) as model of negatively charged
NPs with different size and inner core in order to evaluate their suitability for NPs
screening based on their interactions with natural sea water media (NSW). Marine
green microalgae Dunaliella tertiolecta and brine shrimp Artemia franciscana
were used as model species in standardized acute (72h and 48h) and long-term
(7d) ecotoxicity tests. A detailed physico-chemical characterization of all three
NPs in NSW and in comparison to artificial sea water (ASW) and Milli-Q water
(Milli-Q) was performed. Given their common negative surface charge, the effect
of abundant background bivalent and monovalent counter ions in NSW on the
suppression of electric double layer was dramatic and lead to strong aggregation.
HR-TEM of nano-TiO, suspended in NSW revealed a complex matrix around
aggregates, forming corona-like structures (eco-corona), further confirmed by
DCS analysis. Ecotoxicity tests showed a common pattern of no toxicity for all
three NPs in the range of the tested concentrations (0.1-100 mg L") for both
microalgae and brine shrimps. Nano-TiO, and PS-COOH resulted massively
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sequestered inside the gut lumen of brine shrimp larvae while nano-SiO,
aggregates were barely detectable probably due to their optical transparency. Our
findings suggest that negative surface charges drive substantial aggregation of
NPs in NSW thus limiting uptake and consequently toxicity in exposed organisms.
Therefore ecotoxicity coupled with a detailed physico-chemical characterization
in the suspension media might be used as suitable tool to predict behavior and
potential adverse effects of NPs in the marine environment.
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Are trophic interactions between aquatic invertebrates affected by AgNPs
exposure route?

D. Batista, University of Minho / Centre of Molecular and Environmental Biology
CBMA; D. Giling, Institute of Freshwater Ecology and Inland Fisheries (IGB) /
Department of Experimental Limnology; C. Pascoal, F. Céssio, University of
Minho / Centre of Molecular and Environmental Biology CBMA Department of
Biology; M.O. Gessner, Leibniz Institute of Freshwater Ecology and Inland
Fisheries IGB

Silver nanoparticles (AgNPs) have been increasingly used over the last decade,
resulting in their growing release into freshwater ecosystems, where AgNPs and
ionic Ag derived from NPs can have toxic effects on aquatic species and
compromise important processes such as organic matter use and decomposition.
However, little is known about how species interactions in multi-trophic systems
will affect such ecosystem processes when exposure routes of AgNPs vary. The
goal of this study was to assess the impacts of low doses of AgNPs and Ag* on
trophic interactions between aquatic invertebrates and consequent ecosystem
effects. Specifically, we assessed the importance of both direct (via water) and
indirect (via food) exposure routes by exposing a simplified detrital food web,
comprising leaf litter, microbes, a shredder species and collector species to: (i)
water contaminated with AgNPs (0, 1, 100 ug L") or AgNO; (0, 0.1 ug L"), and
(ii) leaves contaminated for 6 days with AgNPs and AgNOs at the same
concentrations. Shredders (Gammarus pulex, Gammaridae, Amphipoda) and
collectors (Habrophlebiodes sp., Leptophlebiidae, Ephemeroptera) were placed in
laboratory feeding containers where collectors had access to fine particulate
organic matter (FPOM) produced by G. pulex, but were separated by a mesh
screen. Leaf consumption and FPOM production by G. pulex as well as fungal
biomass and decomposition activity were determined after 15 days. The stress
induced by AgNPs and Ag” in both invertebrate species was assessed by
measuring the activity of antioxidant and neuronal enzymes. Microbial
decomposition was lower by direct exposure to AgNPs and Ag*, whereas leaf
consumption by G. pulex only decreased when leaves were contaminated with the
lowest concentration of AgNPs. There were no effects on FPOM production.
Changes in the activity of a key antioxidant enzyme, catalase, indicated stress
caused by AgNPs and Ag* in both invertebrate species, mainly in response to
direct exposure. Overall our results demonstrate that ecological effects on
different functional groups of stream invertebrates vary with exposure route of
AgNP at environmentally realistic concentrations. Thus the pathway by which
stream food webs are exposed to AgNPs will influence the impacts of AgNPs on
food-web components and the processes in which they are involved.
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Food chain transfer of silver nanowires in aquatic ecosystems

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

Nanowires, which are increasingly being used in various industries, may have
different adverse ecological effects from those of zero-dimensional nanoparticles,
which have been widely studied. We investigated the direct and indirect (trophic)
effects of two sizes (10- and 20-pm long) of silver nanowires (AgNWs) on a
three-species aquatic food chain consisting of algae (Chlamydomonas reinhardtii),
water fleas (Daphnia magna) that feed on algae, and their predators zebrafish
(Danio rerio). We assessed the direct toxicity of AgNWs for algae and water
fleas, and documented the transfer of AgNWs absorbed by algae to water fleas fed
with exposed algae, and eventually to zebrafish fed with exposed water fleas. We
found that AgNWs directly inhibit growth in algae, and destroy the digestive
organs of water fleas. We also found that AgNWs can be transferred through food
chains, and can enter and impact the bodies of organisms in higher trophic levels,
such as the fish in this study, implying that nanomaterials have the potential to
eventually enter human diet. We emphasize the need for research that takes into
account environmental factors, food web complexity, and nanomaterial diversity,
in order to better understand the role of nanomaterials in affecting natural
communities as well as human health. Acknowledgement - This research was
supported by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education
(2013R1A1A2061386), and the Ministry of Science, ICT and Future Planning
(2014R1A2A1A11050513).
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Al203 nanoparticles reduce toxic effects of thiacloprid on the non-biting
midge Chironomus riparius

C. Lorenz, Universtit Tiibingen / Institute of Evolution and Ecology Animal
Physiological Ecology; L. Jiger, University of Tuebingen / Animal Physiological
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Ecology; L. Guluzada, University of Tuebingen / Center for Applied Geosciences;
L. Luo, University of Tuebingen / Institute of Inorganic Chemistry; J. Wicht,
University of Tuebingen / Institute of Physical and Theoretical Chemistry; E.
Friih, S. Dietz, University of Tuebingen / Institute of Evolution and Ecology JD
Botany; C. Huhn, University of Tuebingen / Institute of Physical and Theoretical
Chemistry; Y. Liang, Universiy of Tuebingen / Insitute of Inorganic Chemistry; S.
Haderlein, University of Tuebingen / Center of Applied Geoscience; H.-. Kohler,
University of Tuebingen / Institute of Evolution and Ecology Animal
Physiological Ecology

The increasing number of publications in the last years show that nanoparticles
become more a topic of high concern in ecotoxicology. This is, on one hand, due
to increasing usage of nanomaterials while, on the other hand, little is known
about their fate and interactions in the environment. Hence, we wanted to
examine, if and how Al,O; nanoparticles interact with the neonicotinoid
insecticide thiacloprid. To test this, we measured how toxicity of thiacloprid is
altered by ALLO; nanoparticles, based on the mortality rate of the non-biting midge
Chironomus riparius, a well-established study organism in ecotoxicology. The
conducted acute toxicity test with fourth instar larvae of C. riparius revealed that
AlO; nanoparticles as single substance had no effect on the mortality rate.
However, larvae which were exposed to a mixture of thiacloprid and nanoparticles
showed a decreased mortality rate, in relation to larvae that were exposed to
thiacloprid solely. This protective effect of the Al,O; nanoparticles was inversely
correlated with the applied amount of nanoparticles, with higher concentrations of
Al,O5 nanoparticles resulting in lower mortality. The underlying mechanisms of
these interesting phenomena are still under investigation. Yet, solely sorption of
thiacloprid onto nanoparticles (pristine and aged) can be excluded as underlying
mechanism. Further research will focus on chemical analyses, histopathology as
well as an extendend exposure regime of the larvae, which is based on the OECD
guideline 218.
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Anthracene sorption to TiO2 nanoparticles and bioavailability of
UV-activated anthracene by-products in larval zebrafish.

D. Patsiou, F. Liu, Heriot Watt University / School of Life Sciences; M.R.
McCoustra, Heriot Watt University / School of Engineering and Physical
Sciences; T.F. Fernandes, T. Henry, Heriot-Watt University / School of Life
Sciences

Engineered nanoparticles (NPs) can be released into aquatic environments and
present a risk of toxicity for aquatic organisms. Among the most commonly used
NPs are TiO,-NPs, and, although these NPs appear to be of minimal toxicity, their
potential for photo-activity and sorption to toxic substances are persisting
environmental concerns. Several studies have shown sorption of organic
compounds to TiO,-NPs and enhanced toxicity of the co-contaminants. The
toxicity of polycyclic aromatic hydrocarbons (PAHs) has been extensively studied
and there is information on the toxicity of UV-activated PAHs but the interaction
between TiO,-NPs, PAH sorption, and UV-activation is unknown. The objective
of this study was to evaluate sorption of anthracene to TiO,-NPs by 1) analysis of
the preparations with and without UVA irradiance by fluorescence spectroscopy
and 2) assessment of changes in expression of target biomarker genes including
cytochrome P450 1A (cyplA), DNA repair (ddb2), superoxide dismutase (sodI)
and aryl hydrocarbon receptor 2 (ahr2) genes, in larval zebrafish. Zebrafish larvae
(72 hpf) were exposed (24 h) to anthracene (0-30 pg/L) in freshwater ( [Ca*] =71
mg/L according to OECD no. 203). Preparations were exposed to 80 kJ/m> UVA
at the end of the 24 h exposure, and larvae were sampled at 3 h after UVA
exposure. For experiments in which sorption of anthracene to TiO,-NPs (4-8 nm
diameter) was investigated, TiO,-NPs (2 mg/L) were added to anthracene
preparations and stirred for 24 h prior start of exposure. Anthracene was not
acutely toxic to zebrafish larvae at the concentrations tested. After the UVA
exposure, zebrafish mortality was 28+8% (+SD, n=3) at the highest anthracene
concentration (30 xg/L). When fish were exposed to anthracene and UVA, a
45-fold increase in cyplA expression and a 1.7 fold-induction of sodl were
observed at 15 ug/L anthracene. The presence of 2 mg/L TiO,-NPs with
anthracene resulted in no significant change in expression of either cypIA or sodl
after UVA exposure compared to unexposed controls. For fish exposed to TiO,
(2mg/L) and UVA without anthracene there was no induction of either cyp/A or
sodl , which is in accordance with other studies that have also not observed
photo-induced toxicity at relatively low TiO,-NP concentrations. Future work will
investigate the association between TiO,-NPs and PAHs and the products of
photo-induction.
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Influence of multiwalled carbon nanotubes on the toxicity and
bioaccumulation of triclocarban in aquatic organisms of different trophic
levels

H.M. Maes, M.P. Hennig, RWTH Aachen University / Institute for Environmental
Research; N. Siebers, Forschungszentrum Jiilich GmbH; S. Rhiem, North
Rhine-Westphalia State Environment Agency (LANUV NRW) / Fachbereich; I.
Politowski, S. Treidy, V. Jung, L. Deermann, A. Wyrwoll, A. Schaeffer, RWTH
Aachen University / Institute for Environmental Research

Although the acute toxicity of MWCNTSs is rather low, this nanomaterial was
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shown to be taken up by different organisms and could therefore influence the
bioavailability of environmental pollutants due to its high sorptive capacity. We
investigated the sorption of the antibacterial and preservative agent used in
personal care products, triclocarban (TCC), to MWCNTSs, and the influence of this
interaction on the bioavailability of TCC for organisms related to one another in
the food chain: the green alga Desmodesmus subspicatus, the water flea Daphia
magna, the brine shrimp Artemia salina, and the zebrafish Danio rerio. Next to
unaltered MWCNTs, the released material of plastic composites, in which
MWCNTSs were embedded, was tested. It was shown that the presence of
MWCNTs protects the polymer matrix from degradation due to simulated solar
radiation. However, up to 1% of the embedded CNTs were released from
irradiated samples that were transferred to different media, whereas release from
non-irradiated control samples was much lower. Both single nanotubes as well as
nano- and microscale CNTs-polymer fragments were detected and visualized.
Both D. magna and A. salina were able to take up this material. TCC sorption to
MWCNTs was quite high with sorption coefficients (LogKenr) of about 7.5 in all
media. This resulted in lower toxicity of TCC to all test organisms when
MWCNTs were present in the exposure media. Similarly, higher bioaccumulation
factors (BAFs) were obtained when MWCNTSs were absent in the media. These
results show that MWCNTSs lower the bioavailability of TCC to freshwater and
saltwater species although this nanomaterial is known to be taken up by these
organisms to a relatively large extent. From the elimination experiments with D.
magna and A. salina, it can be derived that excretion of TCC was faster when
MWCNTs were present in the media during the uptake phase. Hence, it seems that
TCC bound to MWCNTSs is hindered from passing the gut epithelium. Currently,
biomagnification experiments are performed in order to evaluate the importance
of food chain transfer of MWCNTSs, TCC, and TCC-CNTs complexes. Moreover,
it will be determined whether the organic compound and the nanomaterial are
distributed to different organs and tissues of fish after dietary exposure.

Microplastics in the environment: Sources, Fate and Effects
(V)
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On the potential role of phytoplankton aggregates in microplastic
sedimentation

M. Long, LEMAR UMR 6539 CNRS; B. Moriceau, M. Gallinari, LEMAR UMR
6539 CNRS/Ifremer/IRD/UBO; C. Lambert, LEMAR UMR 6539
CNRS/UBO/IRD/Ifremer; A. Huvet, Ifremer, LEMAR UMR 6539
CNRS/UBO/IRD/Ifremer; 1. Paul-Pont, LEMAR UMR 6539
CNRS/UBO/IRD/Ifremer; H. Hégaret, LEMAR UMR 6539
CNRS/UBO/IRD/Ifremer / UMR CNRS Ifremer IRD UBO; P. Soudant,
LEMAR UMR 6539 CNRS/UBO/IRD/Ifremer

Microplastics (MPs) pollution is now a major concern in ecotoxicological topics.
To better assess the impact of MPs on marine environment, scientists need to
understand MPs cycle. Recent estimations of small size MPs concentrations at the
surface layer of the oceans were lower than model-predicted estimations based on
larger plastic wastes. Different sinks were suggested to explain this mismatch
including physical mechanisms and interactions with marine organisms. Among
marine organisms, phytoplankton may have a role in MPs distribution. In this
experiment, we studied the possibility for phytoplankton aggregates to bind and
incorporate MPs through their sedimentation. At the same time we investigated
the respective impacts of MPs on aggregate parameters and the impacts of
aggregates on MPs sink. Three types of phytoplankton aggregates (Chaetoceros
neogracile aggregates, Rhodomonas salina aggregates and a mix of the two
species) were produced in a roller-tank. These aggregates were exposed to a flow
(680 mL per hour) of 2 pm microbeads of polystyrene (yellow-green fluorescent,
1.050 kg L', 10* beads mL™") in a roller tank that mimic aggregates sink. After
exposure, aggregate parameters were assessed like size, permeability, excess
density, sinking rates and MPs content. Diatom aggregates were on average
bigger, stronger, stickier and sunk faster than the aggregates made from R. salina
or from the mix of microalgae. After MPs exposure, all laboratory-made
aggregates incorporated MPs. The smaller and more fragile aggregates from R.
salina incorporated more MPs than C. neogracile and mix aggregates. When
incorporated into aggregates, sinking rates of MPs increased from tenths to several
hundred meters per day. Simultaneously aggregates sinking rates was impacted.
Sinking rates of C. neogracile aggregates strongly decreased while sinking rates
of R. salina increased. This study demonstrated that MPs can be incorporated
through aggregates during their settling in the water column, and that the
efficiency depends on the composition of marine aggregates. A new pathway was
highlighted for MPs sink that may partially explain the lack of MPs in surface
layer. Even though further studies are needed with different laboratory-made
aggregates or field sampled aggregates to better assess the potential for marine
snow to aggregate MPs. In parallel, in-situ quantification of MPs in marine snow
from should be done to address the relevance of this process in MPs cycle.
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Aquatic ecotoxicity testing of nanoplastics - lessons learned from
nanoecotoxicology
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N.B. Hartmann, Technical University of Denmark (DTU) / DTU Environment; L.
Skjolding, DTU / DTU Environment; T. Nolte, Radboud University Nijmegen /
Department of Environmental Science; A. Baun, DTU Environment / Department
of Environmental Engineering

Micron-sized particles have so far been the main research focus in regard to
aquatic plastic particle pollution. Due to mesh netting sizes, nanoplastics are not
detected in commonly used methods for plastic pollution surveys. Nonetheless,
nanoplastics are likely to be pervasive in the aquatic environment. Here, as for
microplastics, nanoplastics may cause direct ecotoxic effects and carrier-effects
through adsorption of co-contaminants and the smaller particle size could be an
influential factor. However, actual knowledge is currently limited to a few
scientific studies. Based on literature information, combined with our own
previous work on nano- and microplastics as well as test method development and
adaptation for ecotoxicity testing of engineered nanomaterials, we here present an
overview of lessons learned from nanoecotoxicology. We offer suggestions on
how these can be transferred into recommendations for ecotoxicity testing of
nano(and micro)plastics. In addition we suggest how to implement some of these
recommendations in algae growth inhibition tests, studies of carrier-potential of
nanoplastics and uptake in aquatic invertebrates and fish.
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Effects of ingested PVC micro particles with and without sorbed
benzo(a)pyrene on the cellular and sub cellular processes of the macrobenthic
organism Hediste diversicolor

A. Gomiero, International Research Institute of Stavanger / Enviromnent; L.
Kozinkova, CIBM; P. Strafella, National Reseach Council of Italy / Institute of
Marine Science; G. Bruno, G. Fabi, National Research Council of Italy / Institute
of Marine Sciences

Along with impacts such as global warming, ocean acidification and habitat
destruction, pollution can cause undesirable changes in marine ecosystems. In the
last decade, plastic pollution has been a matter of increasing scientific and public
concern. Marine debris is comprised primarily of non-biodegradable plastic
polymers and it is considered a multiple stressor in aquatic habitats as a
consequence of the large mixture of chemical contaminants potentially adsorbed
from the aquatic environment and/or associated with it in the polymer production.
Polymers with densities higher than seawater (i.e., PVC) tend to sink and
continuously accumulate in sediments. Animals from sedimentary habitats are
therefore vulnerable as microplastic particles may adsorb organic pollutants from
the aquatic environment and be largely accumulated in sediments. In laboratory
conditions, microplastics have been shown to be ingested by amphipods,
barnacles, mussels and lugworms [1]. However, the available data concerning the
effects of microplastic particles is limited and even less is known concerning the
“Trojan horse” effect caused by microplastics contaminated with ubiquitous and
highly toxic environmental contaminants such as PAHs. Thus, the current study
focused on the acute effects of the combined exposure to microplastics and
benzo(a)pyrene sorbed particles on the macrobenthonic model organisms Hediste
diversicolor, a species with a relevant role in trophic webs.
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A trophic food web experiment with Artemia nauplii and zebrafish (Danio
rerio) for the transfer of microplastics and associated POPs

A. Batel, COS University of Heidelberg / Aquatic Ecology and Toxicology; M.
Scherer, University of Heidelberg; F. Linti, COS University of Heidelberg; T.
Braunbeck, University of Heidelberg / Centre for Organismal Studies

In the present study, a simple artificial food chain with Artemia spec. nauplii and
zebrafish (Danio rerio) was established to analyze the transfer of microplastic
particles and associated persistent organic pollutants (POPs) between different
trophic levels. The uptake of microplastic particles and the transfer of potential
harmful substances along with microplastics has been studied in a variety of
organisms, especially invertebrates. However, the potential accumulation of very
small microplastic particles along food webs ending with vertebrate models has
not been studied so far. Artemia nauplii and zebrafish were exposed to very small
(1 - 20 pm) microplastic particles, which accumulated within nauplii and were
subsequently transferred to fish. For the analyses of the transfer of POPs via
microplastics, the polycyclic aromatic hydrocarbon (PAH) benzo[a]pyrene (BaP)
was used since (a) it is a common POP also found on environmental microplastics
and (b) it shows autofluorescence at respective wavelengths. Virgin particles not
loaded with BaP did not cause any observable physical harm in the intestinal tracts
of zebrafish. The visual fluorescence tracking of BaP was strong enough to detect
the transfer and accumulation of BaP both in Artemia nauplii and zebrafish
intestines. This indicates that food-borne microplastic-associated POPs do desorb
in the intestine of fish and are thus transferred to the intestinal epithelium and liver
of higher organisms. However, further research is needed on different spectra
analyses and metabolization of microplastic-associated POPs.
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Does microplastic in recycled organic resources pose a risk to terrestrial
environments?

A. Palmgqyvist, Roskilde University / Department of Environmental Social and
Spatial Change; J. Magid, University of Copenhagen / Department of Plant and
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Environmental Sciences; K. Syberg, Roskilde University / Department of
Environmental Social and Spatial Change

Problems related to plastic litter pollution have been recognised since early
1970’s, and in recent years microplastic (MP) contamination of particularly the
marine environment has been subject to increased focus. Although a number of
publications in the last couple of years have pinpointed that also freshwater
systems may be at risk from MPs, mainly due to release of particles from
waste-water (WW) treatment processes, MP contamination of terrestrial
environments has up until now rarely been studied. Due to processes taking place
in WW treatment plants, a large proportion of particles in WW is likely to settle
out in the sludge together with organic material. This reduces the amount of MPs
in the effluent water and consequently contamination of aquatic environments.
However, when sludge resulting from WW treatment processes is used for soil
amendment, in order to recycle phosphate for agricultural purposes, deposited
plastics are added to the terrestrial environment. Because plastic is slowly broken
down it may accumulate in soils. To assess potential risk of MPs in terrestrial
environments it is necessary to increase knowledge on type and amount of MPs in
organic resources as well as in recipient soils. At the same time studies of
potential effects of MP to soil organisms is largely absent from the scientific
literature. In this presentation we give an introdution to what we currently know
about potential exposure in terrestrial environments, including some recent studies
from our lab on type and amount of MPs in Danish WW sludge and soils fertilised
with different organic resources. These studies confirm the presence of MPs in
both sludge and soils fertilised with sludge or composted household waste. We
also include preliminary information on hazard of MPs in terrestrial environments,
based on recent experiments on epigeic earthworms, studying the effects of MPs
alone and in combination with other environmentally relevant contaminants. The
first studies showed limited effects of MPs on earthworms, which however may
be due to the employed exposure scenario. Results will be compared to on-going
studies with a modified exposure scenario. Although studies so far suggest that
MPs will end up in the terrestrial environment, knowledge on hazard of MPs for
terrestrial organisms is currently limited as are more ecologically relevant
exposure predictions. Therefore more knowledge is required to realistically assess
the risk of MPs in terrestrial environments.
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Be positive or negative? Long-term toxicity of polystyrene nanoparticles to
marine planktonic species

e. bergami, University of Siena / Physical Earth and Environmental Sciences; S.
Pugnalini, University of Siena / Department of Physical Earth and Environmental
Sciences; C. Faleri, University of Siena / Department of Life Sciences; L. Manfra,
Institute for Environmental Protection and Research; K.A. Dawson, University
College Dublin / Centre for BioNano Interaction School of Chemistry and
Chemical Biology; I. Corsi, University of Siena / Department of Physical Earth
and Environmental Sciences

Micro as well as nanoplastics have been identified by the international community
as one of the greatest challenges for marine ecosystems worldwide. Concerning
the nano-sized debris (< 1 gm), their occurrence in the environment has not been
quantified yet, due to current standardized methods for sampling as well as
identification by analytical techniques. Polystyrene nanoparticles (PS NPs) have
been recently adopted as model for nanoplastics in short-term ecotoxicological
studies, but data concerning long-term toxicity on marine organisms are still
lacking. Here we report the effects of nanoplastics to two marine planktonic
species as green microalga Dunaliella tertiolecta and brine shrimp Artemia
franciscana, exposed to anionic carboxylated (PS-COOH) and cationic amino
(PS-NH,) PS NPs. Since aggregation and surface charges can be key factors
driving the eco-interactions of nanoplastics in the marine environment, their
behaviour was assessed by DLS in both natural sea water (NSW) and algal
medium (AM) as well as the formation of an eco-corona investigated. In terms of
ecotoxicity, PS-COOH did not affect the growth of marine algae (72 h) and brine
shrimps (14 d) up to 25 pg/ml and 10 pg/ml respectively but high retention of
PS-COOH aggregates was observed in the digestive tract of brine shrimps at 14
days. On the opposite, PS-NH, caused high mortality of brine shrimps (LCs 0.83
pg/ml, 14 days) as well as inhibition of algal growth and alterations (at 5 yg/ml)
in the microalgae plasma membrane respect to the control group. These results
represent a first insight into nanoplastics long-term toxicity to marine planktonic
species underlining the role of nanoplastics surface charge in agreement with
previous findings on other invertebrate marine species. This study emphasizes that
long-term exposure constitutes a valid tool to assess the ecotoxicity of emerging
contaminants including nanoplastics.

State of the science on poly- and perfluoroalkyl substances
(PFASs) in the environment and humans (1)
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Characterizing spatiotemporal pattern of global PFAS releases using a
dynamic substance flow analysis model

L. Li, Peking University / College of Environmental Science and Engineering; J.
Liu, Peking University
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This work developed a dynamic substance flow analysis (DSFA) model to imitate
the temporal evolution and spatial shift of global environmental releases of
homologous fluorotelomers and perfluorocarboxylic acids from both lifecycle and
end-of-life stages. Major findings include: (i) The temporal pattern is illustrated
by the evolution of environmental releases of PFOA and 8:2FTOH in China. Our
DSFA results show that industrial processes are predominant sources to PFOA
releases, therefore the scheduled phase-out of PFOA is anticipated to nearly
eliminate future PFOA releases, while industrial processes and end-of-life
disposal have almost equal contributions to 8:2FTOH releases. The time course of
environmental releases of 8:2FTOH exhibit two sequential peaks a ~10-year gap,
which indicates that end-of-life emissions from waste stocks will be noticeable
sources in the future. (ii) The spatial pattern is demonstrated using snapshots of
geographical distribution of global PFOA and 8:2FTOH emission hotspots for
1995, 2010 and 2020. The emission hotspot of PFOA shifted from Europe and
North America in 1995 to China in 2010. The evolution of 8:2FTOH emissions in
China resembles that in Europe and North America but with a ~10-year delay.
This delay means that the West Pacific would become a remaining dominant
source region in 2020 if no appropriate end-of-life managements are implemented.
Our case highlights the implication and importance of the DSFA in future risk
management of PFASs. Based on our DSFA-derived emission estimates, scientists
are able to appraise the performances of future end-of-life management options
and assess the impacts of the geographical shift of emissions on environment and
human.
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Assessing the temporal shift of concentrations of perfluorooctane sulfonic
acid (PFOS) in the environment following industrial transition

J. Boucher, ETH Zurich; Z. Wang, Swiss Federal institute of Technology /
Institute for Chemical and Bioengeneering; M. Scheringer, ETH Zurich / Institute
for Chemical and Bioengineering; I. Cousins, Stockholm University / Department
of Environmental Science and Analytical Chemistry ACES; K. Hungerbuehler,
ETH Zurich / Institute for Chemical and Bioengineering

Long-chain perfluoroalkane sulfonic acids (PFSAs), including perfluorooctane
sulfonic acid (PFOS), are a group of chemicals that have been widely used since
the late 1950s. These substances are highly persistent, bioaccumulative, toxic and
are distributed ubiquitously in the environment, biota and humans. In 2009, Paul
et al. and Armitage et al. estimated the global emissions of PFOS in 1970-2012
and in 1957-2030, respectively. Armitage et al. coupled their emission inventory
model to a global-scale multimedia mass-balance model to assess the global fate
and transport of PFOS and PFOS precursors (PreFOS). However, they note that
their modeled atmospheric PreFOS concentrations were too low by one to two
orders of magnitude compared to measured concentrations. Furthermore, there has
been an ongoing global industrial transition that was not fully characterized in
previous studies. The year 2000 was the start of a voluntarily phase out and
regulatory restrictions of PFOS production and use in western countries. In
contrast, manufacturers in China have reported large increases in their production.
Increased use of PreFOS based insecticides in Brazil and neighboring countries
has also taken place. In this study, we redesign and establish a new global
emissions inventory of PFOS and PreFOS based on up to date information. We
estimate between 1400-8400 tonnes and 2200-4100 tonnes of PreFOS and PFOS,
respectively, to have been emitted between 1958 and 2015. These results are
higher than those estimated by Armitage et al. (735-4005 tonnes PreFOS and
285-2565 tonnes PFOS) due to consideration of more detailed manufacturing
emissions data, direct use of PreFOS as ingredients in products, and the
degredation of complex molecular substances into PreFOS. To get an improved
overview of transport and fate in the environment during this transition period, we
combine this new inventory with a global-scale multimedia mass-balance model
to derive environmental concentrations that we then compare to measured
concentrations. A decline following the industrial transition period is visible
within two to three years in the atmospheric concentrations of xFOSAs and
xFOSEs, whereas a longer delay of five to six years exists before an impact is
seen on the modeled PFOS concentrations in oceans.
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Levels of perfluoroalkyl substances in global air from 3 years of sampling
under the Global Atmospheric Passive Sampling (GAPS) Network

C. Rauert, Environment Canada / Air Quality Processes Research Section; L.
Ahrens, Swedish University of Agricultural Sciences (SLU) / Dept of Aquatic
Sciences and Assessment; J. Schuster; M.E. Shoeib, Environment Canada /
Atmospheric Science and Technology Directorate; T. Harner, Environment
Canada / Atmospheric Science Technology Directorate

Poly- and perfluoroalkyl substances (PFASs) have been used globally with
commercial and industrial applications that include oil and water repelants, and
film-forming fire fighting foams. Perfluorooctane sulfonic acid (PFOS) is of
particular interest as it is a priority chemical under the United Nations
Environment Program (UNEP) Stockholm Convention for Persistent Organic
Pollutants (POPs). The Global Atmospheric Passive Sampling (GAPS) Network
monitors priority chemicals at over 50 global sites, and is the only global-scale air
surveillance network measuring PFASs in air. PFASs were monitored at GAPS
sites using Sorbent Impregnated Polyurethane Foam (SIP) disk passive air
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samplers (PAS) during three sampling years, to determine spatial and temporal
trends of PFASs in global air. The data presented here shows the first global air
comparison of PFASs, using SIP disk PAS samplers. Perfluorobutanoic acid
(PFBA) had the highest concentrations in all samples (3) and was detected at
almost every site sampled during the 3 campaigns. Temporal trends were not seen
for any PFAS in sampled sites and spatial trends were not observed for any of the
perfluorosulfonic acids. However, PFBA showed evidence of reduced levels at
Asia and African sampling sites as compared to levels seen in Europe and
Central/North America. PFOS had the highest concentrations of the sulfonic acids
(3) and a reduction in global air concentrations of this chemical due to the phase
out of PFOS in 2009 is not yet in evidence.
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Effects of weathering on PFASs used in durable water repellence of textiles
Lv. Veen, Institute for Environmental Studies (IVM) VU University Amsterdam
/ Chemistry and Biology; A. Hanning, Swerea IVF AB; J. Weiss, Stockholm
University / Department of Environmental Science and Analytical Chemistry
ACES; P. Leonards, VU University, Institute for Environmental Studies / Institute
for Environmental Studies IVM

Per- and polyfluoroalkyl substances (PFASs) are used in textiles for their oil and
water repellent properties. Because PFASs with long perfluorinated chains have
been shown to be persistent in the environment, bioaccumulative and (eco)toxic,
the textile industry is phasing-out the long-chain PFASs and is replacing those
compounds with alternative chemistries to deliver the desired durable water and
soil repellent (DWR) effect. Those alternative chemistries can be divided in three
main groups: fluorocarbon-based, silicon-based and hydrocarbon-based polymers.
In the SUPFES (Substitution in practice of prioritised fluorinated compounds for
textile applications) project the alternative DWRs are assessed to (i) their
structural properties and connected performance, (ii) loss and degradation
processes resulting in diffuse environmental emissions, and (iii) hazard profile for
the emitted substances. As part of SUPFES weathering experiments are performed
with textiles from outdoor clothing which are exposed to elevated UV radiation,
humidity, and temperature in an aging device for 300 h, which is equivalent to the
life time of the outdoor clothing. Before and after aging of the samples, the
textiles were analysed for their perfluoroalkyl acid (PFAA) content. Results
showed that weather conditions, like sunlight, high temperature, or humidity have
an effect on PFASs used in DWR of outdoor clothing. Concentration of PFAAs
increased, and PFAAs not present in the original textiles were formed during
exposure to weather conditions. More research is needed to clarify the origin of
the PFAAs and to determine the transformation route.
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Investigation on the presence and behaviour of precursors to perfluorinated
compounds in the environment

C. Gremmel, I. Dimzon, Hochschule Fresenius, University of Applied Sciences;
P. de Voogt, University of Amsterdam / IBED; T. Fromel, T.P. Knepper,
Hochschule Fresenius, University of Applied Sciences

Wastewater treatment plants (WWTPs) have been identified as a significant
pathway for the introduction perfluoroalkyl and polyfluoroalkyl substances
(PFASs) to natural waters. In several studies it was observed that the
concentration of certain PFASs were higher in the WWTP effluent compared to
the corresponding influent. One reason for this might be the biotransformation of
precursor substances, which were converted into known and analysed PFASs. The
objective of the present study was the identification of potential precursor
substances of persistent PFASs in WWTPs. Following the development of robust
and validated analytical methods 65 PFASs, which included persistent PFASs and
their potential precursors, sampling campaigns in six WWTPs (industrial and
municipal, located in Europe) over a period of four weeks each were realised. The
influent water and the effluent water, the air above the influent and the sludge of
the WWTPs were sampled and analysed. Several transformation products of
fluorotelomer alcohols (FTOHs) e.g. the unsaturated fluorotelomer carboxylic
acids (FTUCAS), fluorotelomer carboxylic acids (FTCAs) and the x:3-acids could
be determined, particularly in the aqueous phase of the industrial WWTPs. The
further biotransformation of these intermediates led to an increased concentration
of perfluoroalkyl carboxylic acids (PFCAs) in the effluent of WWTPs. Based on
the frequency of detection and concentration of FTOHs, biotransformation
intermediates (e.g. FTUCAs and FTCAs) and persistent biotransformation
products, fluorotelomer-based precursors were identified as the most relevant
precursors of PFCAs. Data for several corresponding WWTP influent, air and
effluent samples suggests that FTOHs could be present as a residual synthetic
intermediate of non-targeted PFASs, such as fluorinated polymers or other
unknown low molecular weight fluorotelomer-based chemicals, which might be a
further reason for the high frequency of detection. This should be investigated in
future studies.
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Perfluorinated alkyl substances (PFASs) in household dust in Central Europe
and North America

P. Karaskova, Masaryk University; M. Venier, Indiana University / SPEA; J.
Becanova, . Vojta, L. Melymuk, R. Prokes, Masaryk University / RECETOX
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Research Centre for Toxic Compounds in the Environment; K. Romanak, Indiana
University; J.O. Okeme, University of Toronto / Physical and Environmental
Sciences; A. Saini, University of Toronto / Department of Physical and
Environmental Sciences; M.L. Diamond, University of Toronto / Department of
Earth Sciences; J. Klanova, Masaryk University / RECETOX Research Centre for
Toxic Compounds in the Environment

In everyday life we come into contact with various chemical substances contained
in consumer products. Perfluorinated alkyl compounds (PFASs) are one of the
largest groups of such chemicals. PFASs have been used in a variety of
applications such as surfactants, lubricants, in paper and textile coatings, polishes,
food packaging, and fire-fighting foams for more than 60 years. They are added to
consumer products to make them resistant to water, oil, stains and even fire. They
are persistent, bioaccumulative and they have become ubiquitous. Several
exposure pathways for PFASs have been identified: food and drinking water are
the most important ones, followed by dust ingestion and indoor air. Humans spend
almost 90% of their time indoors and moreover children mostly play on the floor,
and hand-to-mouth activity is more significant than for adults. This can lead to
higher exposure to PFASs than for adults. This work is part of a larger study
within the Czech-American Scientific Cooperation Program aimed at identifying
levels of contamination in residential indoor environments from three countries
(Czech Republic, Canada and USA). The aim of the present study was to
investigate and compare indoor concentrations of twenty PFASs in house dust
samples collected in living rooms and bedrooms in 2013 from more than 30
homes of volunteers in these three countries. We also looked at differences
between countries and compound patterns. Several PFASs were found in dust
samples from more than 50 homes from three countries. Concentrations are of the
same order of magnitude as in previous studies. Slightly significant differences
were observed between samples from North America and Czech Republic. The
dominant contaminant in all countries was PFOS but eight out of 20 target PFASs
were detected in more than 50 percent of the samples. Among the carboxylic
acids, PFHxA is a major contaminant in Czech samples while in North America
PFOA showed the highest concentration. Spearman rank correlation gave good
correlations between PFOA and shorter-chain carboxylic acids, suggesting that
short-chain PFCAs are in use but still do not replace PFOA.

Interpreting Biological Effects of Metals and Their Mixtures
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Metals in the aquatic environment - interactions and implications for the
speciation and bioavailability

M_.F. Benedetti, Université Paris Diderot; A. Gelabert, IPGP; Y. Sivry, IPGP -
VAT FR79197534282; R.F. Domingos, Institut de Physique du Globe de Paris /
Equipe de Géochimie des Eaux

In most case scenarios, individual metals exist as components in mixtures with
organic and inorganic substances and/or particulate matter. While the concepts
encompassing mixture toxicity and modeling have been around for decades, only
recently have new approaches (dynamic speciation techniques and fate and
bioavailability models) been expanded to consider metal mixture scenarios. For
example, the kinetic features of humic substances and inorganic colloids on the
complexation of metals are generally considered. Although current environmental
regulations rarely require an assessment of chemicals mixtures, research on these
mixtures in the environment is essential for future regulatory demands and is vital
for ensuring adequate environmental protection. Interpretation of speciation and
bioavailability data from metal mixtures can be very complex and demanding, due
to the existence of kinetic physicochemical transformations of the dynamic
components. This kinetic effect largely affects metals’ dynamic speciation,
culminating in different transformed metal-containing products with different
contributions for the metal uptake by a consuming interface. The environmental
fate of metal mixtures, which determines how the mixture is biogeochemically
processed and which receptors are most exposed (organisms and exposure route),
with a special focus on their dynamic speciation, including a critical evaluation of
the current challenges and available dynamic speciation techniques as well as
computer codes and models, will be discussed.
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Chronic metal mixture toxicity to Ceriodaphnia dubia can be predicted using
an independent action based bioavailability model

C. Nys, University of Ghent / Laboratory for Environmental Toxicology and
Aquatic Ecology GhEnToxLab unit; C. Janssen, University of Ghent / Laboratory
of Environmental Toxicology and Aquatic Ecology GhEnToxLab unit; K. De
Schamphelaere, Ghent University (UGent) / Laboratory for Environmental
Toxicology and Aquatic Ecology GhEnToxLab unit

Recently, several bioavailability-based models have been shown to predict acute
metal mixture toxicity with reasonable accuracy. However, the application of such
models to chronic mixture toxicity is less well established. In this study, we
developed a chronic metal mixture bioavailability model (MMBM) by combining
the existing chronic daphnidbioavailability models for the individual metals with
the independent action model. The MMBM assumed that each metals binds to its
own biotic ligand (BL) site and that metal (mixture) toxicity is related to the
concentration of free metal ion binding to its metal-specific BL. Additionally,
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based on previous toxicity testing with Ni, Zn, and Pb mixtures, we assumed that
Ni**, Zn** and Pb** do not compete for binding at the biotic ligand sites. To
evaluate the predictive capacity of the MMBM, we investigated the chronic
toxicity of a Ni-Zn-Pb mixture to Ceriodaphnia dubia in 6 (modified) natural
waters differing in pH, Ca, and/or dissolved organic carbon (DOC) (pH range:
7-8; Carange: 1-2 mM; DOC range: 5-12 mg/L). The toxicity of the Ni-Zn-Pb
mixture was assessed concurrently with that of the individual metals. The
predictive capacities of the chronic MMBM for mixtures was evaluated relative to
that of the MMBM for the individual metals. Dissolved metal toxicity in the
individual metal treatments, expressed as 7d-EC50, varied 4.3-fold, 3.3-fold, and
2.7-fold for Zn, Ni, and Pb depending on the water chemistry, respectively. The
MMBM predicted the relative reproduction of 85% of the mixture treatments
within 20% error, while the relative reproduction in the individual Zn, Ni, and Pb
exposures were predicted within 20% error for 73, 83, and 70, respectively. This
indicates that the MMBM predicted chronic toxicity of the ternary Ni-Zn-Pb
mixture at least equally accurate as the observed in the individual metal
treatments. Based on our study chronic MMBMs are a promising tool to account
for the effects of water chemistry on metal mixtures during chronic exposure and
could be used in metal risk assessment frameworks.
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Uptake and toxicity of copper and cadmium in single and mixtures exposure
in the zebrafish, Danio rerio

K.I. Cordery, Universiteit Antwerpen / Biology; S. Husson, Systemic
Physiological and Ecotoxicological Research group - University of Antwerp; E.E.
Smolders, Katholieke Universiteit Leuven / Division Soil and Water Management;
K. De Schamphelaere, Ghent University (UGent) / Laboratory for Environmental
Toxicology and Aquatic Ecology GhEnToxLab unit; R. Blust, Department of
Biology

The aquatic environment receives a wide range of pollutants from a number of
sources and is highly impacted by pollution. Due to the simultaneous presence of
numerous pollutants it is important to investigate the effects of co-contamination.
It has been shown that the presence of contaminants in mixtures can lead to a
change in the effects of the individual contaminants resulting in synergistic or
antagonistic toxicological effects on organisms. In this study we have investigated
the uptake and toxicity (mortality) of copper (Cu) and cadmium (Cd) in adult
zebrafish (Danio rerio) on the basis of 10-day and 28-day exposure experiments
under different water hardness regimes. The experiments were conducted
according to a partial factorial design covering a wide range of exposure
concentrations. Survival and whole body metal and major cation concentrations
were measured in all fish to determine whether Cu and Cd accumulation showed
interactive effects and metal body burdens were predictive of toxicity. The levels
of major cations were measured to determine whether loss of ion regulatory
capacity was predictive of toxicity in the different single and mixture exposure
scenarios. In the single metal exposures the zebrafish were generally much more
sensitive to Cu than to Cd and the toxic effects showed a strong dependence on
water chemistry. Exposure of the fish to binary mixtures of the metals resulted in a
very strong synergisms when compared to the mixture toxicity predictions
computed with the concentration addition (CA) model using the 10-day EC,,
values for each of the metals. Toxicity also strongly increased with decreasing
water hardness in the single exposures and the interactive effect between the two
metals was observed at each of the water hardnesses tested. Neither the body
burden nor the uptake rate of individual and mixture exposures explain the
mortality observed in the different scenarios. An analysis of the major cation
profiles showed that a significant loss of ions, in particular Na, has a large impact
on the observed mortality.

194

Departures from additivity in a wastewater sample spiked with binary
mixtures of heavy metals

k.m. betancor, F. Fernandez-Pifias, F. Leganes-Nieto, Universidad Auténoma de
Madrid / Biology; I. Rodea-Palomares, University of Florida / IFAS / Agricultural
Biological Engineering

Due to the well-known toxicity of heavy metals, monitoring and regulation of
their concentration in the environment has been a very important issue in the past
years. There are many methods for heavy metals detection based on physical and
chemical techniques, however, such methods are not able to distinguish between
available and non-available fractions of metals existing in the environment. In
contrast to chemical methods, whole-cell bioreporters measure the bioavailable
fraction of these analytes. Recently, we have mathematically developed a novel
additivity framework for mixture research in the context of whole cell inducible
biosensors [1].This new method is based on Concentration Addition (CA), also
called Loewe Additivity. Our new approach proposes a multivariate extension of
the effective dose (EDp) to take into account the occurrence of differential
maximal effects presented by the mixture components, and also, an extension of
Loewe Additivity that enables its direct application in a biphasic dose-response
framework. Moreover, this method proposes a two-dimensional formulation of
Loewe additivity computed for the two components of EDp, dose (D) and effect
(E). The analyses of departures from additivity are based on Combination Index
(CI) [2] for the D and E dimensions, where, Clp o, CIgD orClg=1 indicates
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additivity effect and CIp or CIg>1 indicates antagonism. For global assessment of
departures from additivity, a simplification of the two-dimensional information
can be obtained by calculating a weighted index CI,, for any fractional effect p:
CI,=ClIp CIg, where CI,>1 indicates overall antagonism, CI,=1 an overall
additive effect, and CI,, [1] Martin K et al. (2015) Scientific Reports 5:17200 [2]
Rodea I et al. (2010) Water Research 44:427:438 [3] Martin K et al. (2015)
Frontiers in Microbiology 6:186 Acknowledgement — This research was supported
by MINECO grant CTM2013-45775-C2-2-R
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Effect of temperature on Ni bioaccumulation and chronic toxicity to Daphnia
magna

C.S. Pereira, GhEnToxLab; C. Janssen, University of Ghent / Laboratory of
Environmental Toxicology and Aquatic Ecology GhEnToxLab unit; R. Blust,
Department of Biology; K. De Schamphelaere, Ghent University (UGent) /
Laboratory for Environmental Toxicology and Aquatic Ecology GhEnToxLab
unit

The mechanisms involved in nickel toxicity are not fully understood. No
information is available about the effect of temperature on chronic nickel toxicity
to Daphnia. Therefore, our first objective was to investigate the effect of
temperature on chronic nickel (Ni) toxicity and if a different effect is observed
among four Daphnia magna clones. The second objective was to understand how
temperature affects Ni uptake and elimination in four D. magna clones. At 15,20
and 25°C 21-day life table experiments with Ni were performed with four D.
magna clones taken from the same natural population. A linear model was built to
predict the Ni effect on the reproduction per individual female(R)) as function of
temperature and clone. The effect concentrations (21 d EC) and concentration
response curves were calculated for R, of all clones (to mimicked the effects on a
population). Effect concentrations of the individual clones were also calculated.
Uptake experiment was performed with the four D. magna clones exposed to 70
ug NiL! at 15,20 and 25°C. Organisms were exposed to the stable isotope “*Ni
during 48h. The linear model built indicate that the effect of nickel on
reproduction per individual female (R,) was significantly affected by temperature
and that this effect depended on the clone. The 21 d ECsys based on R, of all
clones (to mimicked a population) tested at 15, 20 and 25°C were 59.2,74.3 and
1212 ug Ni.L™", respectively. This represents a two-fold variation on the 21 d
ECsos. Significant interactions were detected between temperature, nickel and
clones. After 48h of exposure nickel concentrations in Daphnids were lower at
25°C than at 15 or 20°C. No significant correlation was observed between 21 d
ECs and nickel accumulation after 48h of exposure. This suggests that it is not
only the internal body concentration determines’ the effect of temperature on Ni
toxicity but that effect of temperature on the internal sequestration or
toxicodynamics processes may also play a role in nickel toxicity. The results of
the present study are in contrast with previous acute studies which indicate that
acute metal toxicity increases with increasing temperatures. Additionally, on
average chronic nickel toxicity decreased at higher temperatures. The present
study showed that chronic nickel toxicity was significantly affected by
temperature and this effect was different among the four D. magna clones tested.

196
Fishing for mixture effects: impacts of diclofenac and cadmium on oxidative
stress in a threatened indigenous fish species
N. McRae, University of Canterbury / School of Biological Sciences; S.K. Gaw,
University of Canterbury / Chemistry; B.W. Brooks, Baylor University /
Environmental Health Science Program Department of Environmental Science;
C.N. Glover, Athabasca University

Pharmaceuticals and trace metals are increasingly prevalent in the aquatic
environment due to anthropogenic pressures such as population increases.
Although present at low concentrations, environmental persistence and high
bioactivity of these chemicals can result in toxicological impacts on non-target
biota. There is however, very little understanding of how emerging contaminants,
such as pharmaceuticals interact with other toxicants. This study aimed to
investigate the toxic impacts that occur when a native New Zealand fish, inanga
(Galaxias maculatus), is exposed to mixtures of an emerging pharmaceutical
contaminant, diclofenac (DCF), and a trace metal, cadmium (Cd). Inanga inhabits
near-coastal freshwaters, and migrate through estuaries. As result they are
potentially exposed to water bodies where toxicants are most concentrated. In
laboratory studies, inanga were exposed to DCF (1000 pg L"), Cd (10 pg L") and
their mixtures (DCF, 1000 ug L™'; Cd, 10 pg L™) for 96 h. The sublethal effects on
hepatic oxidative stress were examined by measuring oxidative damage (lipid
peroxidation) and antioxidant defence (catalase). There was a significant increase
in hepatic catalase activity in fish exposed to Cd (10 pg L") alone. However the
increase in this important anti-oxidant defence enzyme was not sufficient to
prevent an increase in lipid peroxidation, which also increased significantly
relative to the unexposed control. Fish exposed to the Cd (10 ug L") and DCF
(1000 pg L") mixture exhibited a different response whereby lipid peroxidation
decreased compared to the individual Cd exposure. These results indicate that
DCF is protective against metal-induced oxidative damage. These are the first
such data to investigate the toxic effects of DCF and metal mixtures on fish.
Understanding the impacts of toxicant mixtures, and the mechanisms by which
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they modify toxicity, is a critical need for the development of realistic
environmental regulations.

Interactive effects of climate change and contaminants:
environmental risks and human health implications
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The impacts of pharmaceutical drugs under ocean acidification: new data on
single and combined chronic effects of Carbamazepine on Scrobicularia
plana

R. Freitas, Universidade de Aveiro, Portugal / Departamento de Biologia
CESAM; A. Almeida, Universidade de Aveiro / Biology Department and
CESAM,; V. Calisto, Aveiro University / Chemistry Department and CESAM;
C.V. Silva; A. Moreira, Aveiro University / Biology Department and CESAM; R.
Schneider, BAM Federal Institute for Materials Research and Testing / Dept of
Analytical Chemistry Reference Materials; V. Esteves, CESAM Universidade de
Aveiro; F.J. Wrona, University of Victoria / Department of Geography University
of Victoria National Water Research Institute; E. Figueira, CESAM University
of Aveiro; A.M. Soares, Universidade de Aveiro / Department of Biology and
CESAM

Ocean acidification (due to increased oceanic CO, uptake from atmosphere) and
increasing discharges of pharmaceutical drugs, such as carbamazepine (CBZ), an
antiepileptic, into the aquatic environment can exert toxic effects on marine
organisms, including bivalves. However, the impacts of pH and CBZ when
combined are poorly studied. Thus, the present study evaluated the chronic effects
(28 days) of an environmental concentration of CBZ (3 pg/L) and the decrease of
pH (to 7.1) acting alone and in combination on the marine clam Scrobicularia
plana. CBZ quantification based on ELISA, protein content (PROT), electron
transport activity (ET), lipid peroxidation (LPO) levels, glutathione S-transferase
(GSTs), superoxide dismutase (SOD) and catalase (CAT) activities were
determined. The mortality results indicated that a 28 days exposure to low pH
(7.1) led to lower mortality (22%) than the exposure to single CBZ or the
combination of CBZ and pH (33% for each) and that in individuals exposed to
low pH mortality was recorded up to the first 96 h of exposure. This indicates an
adaptive response of clams to the low pH (7.1), possibly due to changes in
acid-base homeostasis, through an increase in the H* concentration. The exposure
to CBZ led to an increase in Na* concentration, affecting the cellular acid-base
homeostasis and resulting in higher mortality in clams exposed to CBZ and CBZ
+ pH. PROT increased after the exposure to CBZ and pH, single or combined,
possibly indicating a higher rate of enzyme synthesis to prevent oxidative damage.
The increase of GSTs activity under all exposure concentrations may be a
consequence of that. ET decreased after all exposure conditions, revealing a lower
metabolic rate as a defense mechanism to prevent the damage induced by these
stressors. LPO results indicated higher levels in clams exposed to CBZ and pH,
especially when combined. The activities of SOD and CAT were maintained or
significantly decreased in comparison with the control, respectively, justifying
higher LPO levels observed after exposure to CBZ, pH 7.1 and their combination.
In conclusion, S. plana avoided oxidative damage under low pH for a long period
(28 days), showing higher survival when exposed to this stressor compared to
CBZ or CBZ combined with pH 7.1. The toxicity was higher when clams were
simultaneously exposed to both stressors (CBZ + pH 7.1) since individuals’
survival was reduced and oxidative stress increased when compared to single
exposures.
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Coping with pharmaceuticals and personal care products (PPCP) in a
changing ocean: bioaccumulation and ecophysiological implications in
seabass (Dicentrarchus labrax) exposed to diclofenac

A. Maulvault, IPMA, I.P. / Division of Aquaculture and Seafood Upgrading; E.A.
Sampaio, IPMA, I.P.; S. Cunha, ICETA; V. Barbosa, R. Alves, P. Pousdo, IPMA /
Division of Aquaculture and Seafood Upgrading; M. Diniz, Nova University of
Lisbon / Centre of Fine Chemistry and Biotechnology; R. Rosa, CIIMAR; A.
Marques, IPMA, L.P.

Anthropogenic activities have led to great environmental challenges: remarkable
chemical contamination and dramatic climate change. Both factors strongly affect
marine ecosystems and are expected to worsen in the future, threatening marine
species’ welfare and survival. It is unknown how marine organisms will cope with
the exposure to chemical contaminants under climate change. Given the lack of
data and regulation for the the presence of the emerging the pharmaceutical and
personal care products (PPCP), monitoring of these compounds in the aquatic
environment becomes crucial. In this way, assessing climate change effects is
even more imperative. Hence, the present work aimed to assess the synergistic
effects between climate change and the exposure to the widely and massively used
PPCP diclofenac, by analysing its bioaccumulation and elimination process in the
European seabass (Dicentrarchus labrax), as well as the physiological and
biochemical implications to this fish species. Results suggested that temperature
and pH strongly influences the bioaccumulation and elimination of diclofenac,
particularly it’s partitioning in the different fish organs. Widespread impairments
in fish enzymatic machinery, and a positive correlation between diclofenac
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accumulation and fish biochemical responses were observed. Hence, the
deleterious synergistic effects of ocean warming and acidification combined with
diclofenac exposure observed in the present work evidenced great biological
challenges to marine vertebrate populations in the NE Atlantic coastal ecosystems
in the future.
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Global warming causes conflicting effects on pesticide sensitivity: integrating
multiple effects across latitudes

L. Op de Beeck, Laboratory of Aquatic Ecology & Evolutionary Biology - KU
Leuven / Biology; J. Verheyen, University of Leuven / Biology Laboratory for
aquatich ecology evolution and conservation; R. Stoks, KULeuven / Department
of Biology

Freshwater biodiversity is particularly vulnerable to global warming and
pesticides. Both stressors are directly linked because most pesticides are assumed
to become more toxic at high temperatures. This may, however, not reflect the net
effect of pesticides in nature when their degradation is more rapidly at higher
temperatures. Understanding how both stressors interact is therefore crucial to
correctly estimate the ecological impact of pesticides in a warming world.
Therefore, we investigated in larvae of the damselfly Ischnura elegans multiple
effects of the pesticide chlorpyrifos (CPF) under a simulated global warming
scenario on life history, thermal tolerance and physiology. By studying both low-
and high-latitude populations we applied a space-for-time substitution to assess
the role of thermal adaptation in shaping the vulnerability to CPF under global
warming. CPF exposure negatively affected survival, growth rate, thermal
tolerance, fat content and AchE activity and increased lactate dehydrogenase
(LDH) activity. Under simulated warming CPF caused lower mortality, a less
strong growth reduction (in high-latitude larvae) and less oxidative damage than at
20°C. This could be explained by the lower degradation of CPF at 20°C leading to
a higher accumulation after four pulses compared to the treatment at 24°C. This
indicates that testing effects of global warming on pesticide sensitivity may be
misleading in experiments that keep pesticide concentrations artificially constant.
Furthermore, this temperature effect on mortality was fine-tuned by local thermal
adaptation with at a given temperature mortality being lowest in larvae tested at
their local mean summer water temperature. This pattern suggests that the lower
impact of a temperature increase of 4°C on the toxicity of CPF can be further
strengthened if gradual thermal adaptation takes place in the high-latitude larvae.
Notably, CPF exposure reduced the thermal tolerance and therefore the ability to
deal with heat waves. This generates the complex scenario where exposure to CPF
under a realistic field application scenario may cause lower direct negative effects
under global warming, yet may cause higher negative effects in case of heat waves
which are expected to increase in strength, duration and frequency under global
warming.
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Exposure to a heat wave under food limitation makes an agricultural
insecticide lethal

L. Janssens; K. Dinh Van, KULeuven; R. Stoks, KULeuven / Department of
Biology

Synergistic combinations of anthropogenic stressors are of major concern for
biodiversity loss. While extreme temperatures and exposure to agricultural
pesticides are becoming more frequent and intense under global change, their joint
effects have been poorly studied. The potential for delayed interactions, and their
modulation by the often co-occurring food limitation may be especially
problematic, yet have been ignored. We tested for the effects of a transient heat
wave combined with food limitation, and subsequent exposure to a widespread
agricultural pesticide (chlorpyrifos) in Coenagrion puella damselfly larvae. The
direct effects of the heat wave included a 3% increase in mortality and reductions
in immune function (measured as activity of phenoloxidase, PO) and in metabolic
rate (measured as activity of the electron transport system, ETS), which were not
magnified by starvation. Starvation had both direct and delayed negative effects
on growth rate, Hsp70 levels, total fat content, and activity levels of PO and ETS.
Exposure to chlorpyrifos negatively affected all response variables, yet for
mortality and immune function this was only in larvae previously exposed to the
transient heat wave and starvation. This delayed synergism was especially striking
for mortality: while the heat wave caused only minor mortality and starvation had
no direct effect on mortality, chlorpyrifos caused considerable (48%) mortality,
yet only in larvae that were previously exposed to both the heat wave and
starvation. This could be partly explained by the inhibition of acetylcholinesterase
(AChE) and the cumulative metabolic depression caused by each of these
stressors. Furthermore, the delayed negative effects of the transient heat wave and
starvation, combined with the direct negative effect of chlorpyrifos, considerably
reduced larval growth rate. The here identified delayed synergism provides a
novel explanation for the poorly understood potential of heat waves and of
sublethal pesticide concentrations to cause mass mortality.
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Multi-biomarker responses between two dreissenid species in a global change
context

M. Potet, Université de Lorraine, CNRS UMR 7360; L. Giamberini, P. Rousselle,
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Université de Lorraine, CNRS UMR 7360 / LIEC CNRS UMR; S. Pain-Devin,
Université de Lorraine - UL/ LIEC CNRS UMR; S. Devin, LIEC - Université
de Lorraine - CNRS/LIEC CNRS UMR

Under actual climate warming, further stressors such as contaminants might
impact species distribution and ecosystems functioning. The ability of ectotherms
to handle multiple stresses (e.g. a combination of metallic contamination and
temperature change) will depend on their acclimation or adaptation capacities.
Current literature raises the importance of understanding how organisms will
respond and adapt to these changes in abiotic factors. Biomarkers can be used as
very informative tools to evaluate exposure and effects of stressors on organisms.
The freshwater bivalve Dreissena polymorpha is currently used in biomonitoring
because it is a widespread species, tolerant to a wide range of environmental
conditions and contaminants. It presents a sedentary lifestyle and is a filter feeder,
often used to evaluate the accumulation of contaminants in its tissues and their
subsequent effects on biological processes. However, D. polymorpha populations
are declining because of their replacement by a sister species, the quagga mussel,
Dreissena rostriformis bugensis. In this global change context, we wondered
whether the quagga mussel might be more tolerant to environmental stressors,
explaining its greater invasiveness. To evaluate the response pattern of both
species, we exposed them to heat stress and metallic contamination. Mussels were
placed in experimental beakers under five different treatments: control (no
exposure), nickel (Ni) at 20 and 500 yg L™ and chromium (Cr) at 5 and 15 ug L.
Beakers were maintained at two temperatures: 12 °C, corresponding to the
acclimation temperature, and 17 °C, to simulate a thermal stress. A battery of
biomarkers, representative of both physiologic and antitoxic functions, was
monitored (e.g. filtration activity, energetic reserves, antioxidant defences,
detoxification mechanism). This multi-biomarker approach evidenced that the two
species do not respond to multiple stresses the same way. We first showed that
temperature do not affect biomarker responses four days after heat stress.
However, we evidenced great differences between the two species, since
biomarker responses were generally higher for D. polymorpha than for D.
bugensis, particularly in non-exposed organisms. Even if the two species
assimilated both metals the same way, the effects of contamination on biomarker
responses were more marked in D. polymorpha, especially under nickel exposure.

Higher tier tests in the risk assessment of plant protection
products (I)
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Aquatic mesocosm studies - use in risk assessment

M. Hamer, Syngenta / Environmental Safety; E. Bruns, Bayer CropScience AG /
BCS DETX Ecotoxicology; P. Dohmen, BASF SE / Landw Versuchsstation
APDRO

Mesocosm studies are a useful tool in aquatic risk risk assessment, as the highest
experimentaltier in aquatic effects assessment. These studies are the only
experimetal studies looking at porpulations and communities potential effects and
recovery and as such aligned with the specific protection goals for aquatic
invertebrates and primary producers. Furthermore they are the refence tiers against
which lower tier approaches can be calibrated. Despite this, the conduct of such
studies is reducing because they are becoming less accepted in regulatory risk
assesment, as the interpretation of such studies and the assessments become ever
more precautionary. The background to mesocosm studies and information on
their design, conduct and interpretation can be found in the EFSA Aquatic
Guidance. New validity criteria have recently been developed with respect to the
number of sensitive and vulnerable taxa which should be present in the test
systems and meet statistical criteria (appropriate minimal detectable difference —
MDD) with the aim of ensuring that the effects could be detected and recovery
observed. Strict adherence to these criteria can lead to studies being declared
invalid and consequently ignored in the risk assessment. Despite not meeting the
new criteria studies can still contain very useful information and should not be
ignored in the assessment. Mesocosm studies can be bespoke to answer specific
questions pose by the problem formulation and they should be evaluated similarly.
Tlustrated by examples, it will be shown how mesocosm studies can contribute to
and inform the risk assessment, whilst potentially not fulfilling all validity criteria.
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How to deal with multiple micro-/mesocosms studies for the ETO and
ERO-RAC derivation

P. Lopez-Mancisidor, Dow Agro Sciences LLC / Ecotoxicology; N.N. Poletika,
Dow Agro Sciences LLC / Field Exposure and Effects Department

In the tiered effect assessment scheme developed for the EFSA Aquatic Guidance
Document (2013), in principle, all tiers are able to address the ETO (Ecological
Threshold Option). However, only the model ecosystem approach
(micro-/mesocosm experiments) allows to address the ERO (Ecological Recovery
Option) when addressing risk to algae, vascular plants or invertebrates. In order to
address the reliability of the micro-/mesocosm experiments for the ETO and
ERO-RAC derivation the AGD establish some requirements to be fulfilled (e.g. at
least 8 potentially sensitive populations present in sufficient number with an
acceptable MDD value). In this study we selected an insecticide as a case study
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for which more than 6 micro-/mesocosm studies performed in different parts of
the world and/or under different experimental condition to to assess if the power
of the statistical test of these studies was sufficient to demonstrate
treatment-related responses. From the 6 studies evaluated 4 of them comply with
the criteria (at least 8 taxa of potentially sensitive taxonomic groups with
MDDabu values < 100%) proposed by Brock et al. (2015). Two studies don’t
fulfil the criteria proposed as there were less than 8 potentially sensitive
taxonomic groups belonging to Category 1 taxa. This can be partially explained by
the fact that those studies were focused only on zooplankton and the number of
taxa evaluated was lower than in the other studies. The results obtained after the
re-evaluation of the data are similar to those reported previously in published
reviews and scientific papers and in the new EFSA Aquatic Guidance Document
with an effect class 2 concentration of 0.1 pg/L. This threshold level has been
derived irrespectively of climatic test conditions (temperate, Mediterranean and
also tropical as is the case of Thailand) and also even irrespectively of the
exposure pattern (single application simulating spray drift and repeated
application simulating run-off events). This can be explained by the fact that the
most sensitive taxa (crustaceans and insects) were well represented in the cosms
evaluated.
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Stream mesocosms in the context of insecticide risk assessment

L.Doren, R D; P. Janz, P. Ebke, MESOCOSM GmbH; L. Beuter, Mesocosm
GmH; U. Hommen, M. Kotthoff, Fraunhofer IME; C. Schaefers, Fraunhofer
Institute for Molecular Biology and Applied Ecology IME / Ecotoxicology

In the risk assessment of plant protection products (PPP) aquatic mesocosm
experiments are used as higher tier tools to analyse effects in an ecosystem context
under more realistic conditions than in single species tests. Therefore, mesocosm
experiments should simulate realistic exposure scenarios and should feature a
representative biocenosis including potentially sensitive species. Usually these
experiments are conducted in lentic mesocosms (artificial ponds or enclosures) for
regulatory purposes. But in certain cases lotic mesocosms (artifcial streams) may
be the more appropriate choice to describe the ecotoxicological risk of a PPP in
the aquatic environment. Many different factors have to be considered to decide
between lentic or lotic mesocosms: The environmental behaviour of the test
substance, exposition scenarios, intrinsic sensitivity of freshwater species and their
vulnerability derived from their ecology. In this presentation we want to discuss
these factors and bring some light in the discussion by presenting results of an
experiment with four stream mesocosms in comparison with simultaneously
performed pond mesocosm studies. In addition we compare the artificial stream
data with the data of two local natural streams representative for a landscape with
moderate agricultural use. Finally we present the results of a pilot stream
mesocosm study with the insecticide carbaryl. The comparison study shows that
the macroinvertebrate community of the stream mesocosms corresponds well with
the reference streams regarding diversity, feeding types, ecological traits and
number and abundance of taxa, which are potentially sensitive and vulnerable.
Abundance and number of taxa with a high intrinsic sensitivity against
carbamates, organophosphates and neonicotinoids was higher in the artificial
streams than in the pond mesocosms. On the other hand, for pyrethroids the lentic
mesocosms seem to be more meaningful caused by the occurrence of the focal
species Chaoborus. First results of the carbaryl study shows, that the most
sensitive macroinvertebrate taxa are Plecoptera, Gammarids, the mayfly
Ephemera danica and the caddisfly Polycentropus flavomaculatus, all taxa
prefering or restricted to lotic water bodies.
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The Landau stream mesocosm facility

M. Wieczorek, N. Bakanov, C. Stang, D. Bilancia, D. Kétter, University of
Koblenz-Landau; L. Lagadic, Bayer CropScience / Environmental Safety; E.
Bruns, Bayer CropScience AG/BCS D ETX Ecotoxicology; R. Schulz,
University of Koblenz-Landau

In the current tier-3 risk assessment for plant protection products (PPPs) in
edge-of-filed surface waters risks are mainly based on pond-like mesocosm
approaches. However, transient and dynamic PPP exposure scenarios as observed
in lotic systems are hardly achievable in pond-like mesocosm approaches. The
present compilation of studies performed at the Landau stream mesocosm facility
provides knowledge on dynamic PPP exposure scenarios at different time scales
(i.e. peak-, hour- and day-scale) under flow-through and recirculating conditions.
To address the effects of a pesticides on aquatic plants under a day-scale exposure,
the submerged macrophyte species Elodea canadensis and Myriophyllum
spicatum were exposed to a sulfonylurea herbicide for 24 hours (in recirculating
flow mode) followed by a subsequent PPP-free flushing period to enable a
recovery period of 42 days. Two macrophyte species revealed pronounced adverse
short-term effects on shoot growth and yield, but also a subsequent recovery at the
end of the experiment. Preliminary to the effect assessment of insecticides on
hour- or day-scale the setup of stream mesocosms with macrophytes and aquatic
organisms was considered in general. Abundance and robustness of invertebrates
was evaluated including sensitive and/or vulnerable species. Non-dosed streams
were used to evaluate the influence of different aquatic macrophyte species and
the duration of the pre-experimental period on the establishment success of
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macroinvertebrates. To address the stream-internal longitudinal changes of the
concentrations and the residence time of PPPs a location-dependent invertebrate
sampling scheme was used within the scope of a 6-hour application of the
insecticide etofenprox (0.05,0.5 and 5 pg/l; n=4). Short-term effects were
observed on population and on community level. The sublethal endpoint drift was
revealed as most sensitive as significant effects were visible occasionally at 0.05
pug/L for Simuliidae and at 0.5 pg/L for potentially sensitive species as
Polycentropodidae. An integrated stream mesocosms test design capable of
identifying inter-ecosystem boundary effects was established using the widely
distributed web-building spider Tetragnatha extensa as a representative riparian
species. On different scales of complexity, this approach may be used to evaluate
PPP transfer due to emerging insects, bioaccumulation of PPPs in riparian spiders
and alteration of trophic structures in riparian ecosystems.
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Effects of chronic exposure to thiamethoxam on a summer generation mayfly
population in an outdoor mesocosm

M.C. Finnegan, Syngenta; D. Pickford, Syngenta / Institute for the Environment;
P. Stegger, Institut fiir Gewasserschutz Mesocosm GmbH; L. Déren, R D; W.
Bohmer, Fraunhofer Institute IME; U. Hommen, Fraunhofer IME

The effect of neonicotinoids on mayfly nymphs has been investigated in recent
literature, demonstrating they are amongst the most sensitive aquatic insect taxa to
these insecticides. A publication by van den Brink et al (2015) reported the
chronic effects of a continuous thiamethoxam exposure (28d) under laboratory
conditions on over-wintering generation mayfly larvae (Cloeon dipterum); 28d
ECip =043 ug a.s/L. A GLP outdoor mesocosm study was performed to
investigate chronic effects of a continuous exposure to thiamethoxam on a
summer generation mayfly (Cloeon dipterum) population. Twenty stainless steel
enclosures within one large pond enclosure were used for the study; five untreated
controls and five treatment levels with three replicates each. The treatment levels
were, 0.1,0.3,1.0,3.0, 10 pg a.s/L. Concentrations of thiamethoxam were
maintained with twice-weekly applications to the water column via mixing. The
time weighted average concentrations ranged from 93 to 108% of nominal, with a
mean of 101% of nominal. Mayfly abundance was assessed with sweep-netting
and substrate sampling (two baskets with aquatic macrophytes and stones). Adult
emergence was also sampled. Mayfly sampling occurred weekly for the duration
of the study. The % minimum detectable difference (MDD) values for larval
abundance ranged from 37 to 49% up until day 27 of the study, indicating that
small effects could be detected. On day 34, the MDD value was 87%, due to the
natural population decline. The no-observed-effect-concentration (NOEC) for
larval abundance was determined to be 0.3 yg a.s./L and the
lowest-observed-effect-concentration (LOEC) was determined to be 1.0 ug
a.s./L.The results for adult emergence support the observed effects on the larval
population. The results of the study indicate that under conditions of continuous
exposure, there is no apparent difference in sensitivity to thiamethoxam between
summer generation mayfly larvae tested under field conditions and over-wintering
generation mayfly larvae that were tested under laboratory conditions. This study
adds to the growing debate on the effects of neonicotinoids on sensitive aquatic
insects by determining a no effect level for mayfly populations in outdoor
mesocosms continuously exposed to thiamethoxam, representing worst-case
conditions with respect to FOCUS modelling drainage scenarios.
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Experiences from a suite of higher-tier laboratory tests on aquatic larvae of
four potentially-sensitive insects, and an amphipod, with the aim of
comparing sensitivity to an insecticide

S. Priestly, F. Pickering, Cambridge Environmental Assessments; M. Allen,
Cambridge Environmental Assessments CEA; S. Taylor, Cambridge
Environmental Assessments; W.R. Jenkins, W R Jenkins / Regulatory Affairs
Ecotoxicology

The EFSA Guidance document on tiered risk assessment for plant protection
products for aquatic organisms in edge-of-field surface waters (2013) makes
recommendations for assessing the risks to sensitive and vulnerable invertebrate
taxa. Questions about such taxa can arise when the results from a static microcosm
study are interpreted in a wider context. This is especially the case for taxa which
are not represented within the microcosms, such as stonefly larvae which are
found in flowing waters. Published comparative-assessments have suggested that
invertebrates such as stonefly larvae (Plecoptera), commonly used as indicator
species for water quality, are particularly sensitive to insecticides. Therefore,
actually testing their relative sensitivity compared with taxa which are found in
microcosm studies, could minimise uncertainty (and therefore the ‘uncertainty
factor’) when implementing microcosm results in the risk assessment. A set of
laboratory tests on an insecticide was undertaken by Cambridge Environmental
Assessments (CEA) to assess relative sensitivity of larvae of Plecoptera (stonefly),
Megaloptera (alderfly) Trichoptera (caddisfly), and to ‘benchmark’ this against
tests on Chaoborus and Crangonyx — both of the latter two being present and
sensitive to this insecticide in previous microcosm experiments. To achieve this, a
novel laboratory test design using microcosm water and sediment was developed.
Plecoptera and Megaloptera were collected from rivers in Southern England and
Trichoptera, Chaoborus and Crangonyx were sourced from CEA microcosms.
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Separate tests were conducted for each taxon using 3-litre beakers containing
sediment, microcosm water, alder leaves as a source of detritus, with gentle
aeration, and pebbles to simulate the natural environment of stonefly larvae. After
addition of the insecticide, observations were made during 96 hours, and final
counts of survival were recorded. The results were used to determine the relative
sensitivity. Practical experiences will be shared on selecting test organisms based
on life history and abundance, and conducting and assessing the sensitivity of
these non-standard species in laboratory.

Development, standardization and implementation of LCA
and integration with economics for transportation
infrastructure and operations
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A multi-objective optimization-based pavement management
decision-support system for enhancing pavement sustainability

J. Santos; A. Ferreira, University of Coimbra / Department of Civil Engineering;
G. Flintsch, Virginia Polytechnic Institute and State University / Department of
Civil and Environmental Engineering

In a society where the public awareness of environmental protection is increasing
remarkably and the availability of resources and funding is limited, it is more vital
than ever that departments of transportation (DOTs) and decision-makers (DMs)
seek new tools that enable them to make the best and most rational use of these
resources, taking into account environmental and social factors, along with
economic and technical considerations. However, the practice adopted by highway
agencies with regards to pavement management, has mostly consisted of
employing life cycle costs analysis (LCCA) systems to evaluate the overall
long-term economic efficiency of competing pavement design and maintenance
and rehabilitation (M&R) activities alternatives. This way of supporting the
decision-making process as it relates to pavement management, in which little or
no importance is given to environmental considerations, does not seem to be
effective in advancing sustainability in pavement systems. In view of this, it is
clear there is an urgent need for pavement management decision-support systems
(DSS), which, by integrating multi-disciplinary and complementary pavement life
cycle modelling approaches, enable the DMs to properly account for, consider and
assess the cumulative and long-term impacts of their decisions and practices
regarding sustainability goals and targets. This only can be achieved by employing
techniques and tools provided with a comprehensive and wide-scoped
cradle-to-grave capacity of analysis. To address this multifaceted problem, this
paper presents a comprehensive and modular multi-objective optimization
(MOO)-based pavement management DSS which comprises three main
components: (1) a MOO module; (2) a comprehensive and integrated pavement
life cycle costs - life cycle assessment (LCC-LCA) module that covers the whole
life cycle of the pavement; and (3) a decision-support module. The potential of the
proposed DSS is illustrated with a case study consisting of determining the
optimal M&R strategy for an one-way flexible pavement section of a typical
Interstate highway in Virginia, USA, which yields the best tradeoff between the
following three, often conflicting, objectives: (1) minimization of the present
value (PV) of the total life cycle highway agency costs (LCHAC); (2)
minimization of the PV of the life cycle road user costs (LCRUC); and (3)
minimization of the life cycle greenhouse gas emissions.
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Aggregation Errors in Life-Cycle Assessment of Freight Trucks

M.N. Taptich, University of California, Berkeley / Department of Civil and
Environmental Engineering; A. Horvath, University of California, Berkeley
Life-cycle emission factors for heavy-duty trucks found in the literature and
life-cycle assessment (LCA) databases typically reflect a generic or
industry-average perspective in global or regional context. As a result, emission
factors often lack the specificity to accurately characterize the performance of the
vehicles, which could lead to misdirected strategies and actions. We believe that
by collapsing over many individual vehicles to establish a formal emission factor,
this aggregation process restricts the explanatory power of LCA for individual
cases by removing within-group information that may be useful for
policy-making. This information includes knowledge of specific trip attributes
(location, road type, time of day, etc.), vehicle attributes (gross weight vehicle
rating and payload), driving conditions (levels of congestion), and characteristics
of their respective supporting infrastructure systems (location of critical
infrastructure and route topology). We assess the accuracy of greenhouse gas
(GHG) emission factors of heavy-duty trucks by accounting for how they are
utilized in real life and the sensitivity of GHG emission factors to vehicle loading
factors (payloads) and commodity types transported. Case studies suggest that
emission factors based on average payload always underestimate emissions. We
provide examples of how existing emissions inventories change in response to
infrastructure, vehicle, and payload characteristics. This research advances the
scientific community's understanding of how GHG emissions from heavy-duty
trucks can be allocated on more resolved spatial and temporal scales, thereby
improving decision-making on a case-by-case basis.
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Prospective Fleet LCA of Swiss Air Transport

B. Cox, Laboratory for Energy Systems Analysis; C. Mutel, W. Jemiolo, Paul
Scherrer Institute / Laboratory for Energy Systems Analysis

This work presents a Life Cycle Assessment (LCA) of passenger aircraft travel at
both the individual aircraft and Swiss fleet level with projections until 2050. In the
first stage of this work we perform LCA of three different classes of aircraft with
construction years ranging from 1970 to 2050. Parameters such as aircraft material
composition, weight, lifetime distance travelled, fuel consumption, operating
emissions, and seat load factor are modelled as variables dependant on the size of
the plane, construction year, and flight distance. Future fuel consumption and
operating emissions are modelled for two scenarios reflecting either a continuation
of historic improvements (BAU), or an optimistic acceleration of technology
improvements (OPT). Future Swiss air transport demand is modelled to increase
significantly at 2.75% per year. Flight length distributions, Fleet composition, and
aircraft use parameters are based on Swiss and European statistical data. Results
are presented for ReCiPe midpoint for indicators: climate change, terrestrial
acidification, photochemical oxidant formation, and particulate matter formation.
Results show that environmental impacts are strongly related to fuel consumption.
For climate change and acidification this is due to combustion in the cruise phase,
while the fuel production phase is most important for other indicators, though
impacts from landing and take-off cycles were also significant. Results for all
impact categories varied by more than 50% depending on aircraft size and
construction year. Flight distance is found to have a strong impact on per
passenger kilometer (pkm) environmental impacts for flights below 1000 km,
which make up approximately 20% of all pkm. Fleet average environmental
impacts per pkm have decreased by over 40% since 1990, and are found to
decrease by another 40 to 60% by 2050 for BAU and OPT technology
development scenarios, respectively. The total pkm performance of the fleet is
forecast to increase by over 2.5 times by 2050 compared to 2015. These large
increases in future demand are expected to leave Swiss fleet level environmental
impacts at levels similar to today’s, even with greatly accelerated technology
development. Thus, reductions in fleet impacts from Swiss passenger air travel are
only likely in the future with growth rates much slower than those currently
predicted. This work was completed within the SCCER Mobility
(www.sccer-mobility.ch).
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Using life-cycle assessment to guide the development of bio-based fuels,
lubricants, rubber, and plastics

C.D. Scown, Lawrence Berkeley National Laboratory / Energy Analysis
Environmental Impacts

Decarbonizing the transportation sector is critical to achieving global climate
change mitigation. Although biofuels will play an important role in conventional
gasoline and diesel applications, reducing societal reliance on oil and gas cannot
be eliminated unless the full suite of products can be replaced. In this study, we
explore the climate implications of producing bio-based fuels, lubricants, and
precursors for rubber and plastics. We show that, guided by life cycle assessment
combined with linear programming, integrated sugarcane biorefineries for
producing jet fuels and lubricants could be built to minimize the overall GHG
impact or maximize total energy output through novel combinations of furan and
fermentation pathways.
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Using LCA for Comprehensive Sustainability Assessments of Road
Pavements

S. Brodie, University of Notthingham / Civil Engineering; J. Bryce, AMEC Foster
Wheeler; D. Lo Presti, The University of Nottingham / Nottingham Transportation
Engineering Centre NTEC; E. Parry, US Environmental Protection Agency /
National Homeland Security Research Center

A review of sustainability assessment tools for transportation systems shows that
sustainability is often evaluated based on the goal of improving the environmental
state (Brodie et al. 2013); however, comprehensive sustainability must also
account for improvements to the social and economic state of society. In pavement
rating tools applied at the project level, such as BE’ST-in-Highways and
GreenPave, environmental impacts are evaluated using LCA, but tools are needed
in addition to LCA to support decision making for comprehensive sustainable
outcomes. The LCA methodology has been expanded to apply to economic
aspects through LCCA and attempts have been made to measure social aspects
similarly (SLCA). This paper reviews several LCA methods as environmental
calculators for use in sustainability assessments of road pavements and explores
LCCA and SLCA methodologies. The results highlight the uses and limitations of
LCA, LCCA, and SLCA for comprehensive sustainability evaluation and provide
insight into approaches to address limitations and to improve sustainable decision
making at the project level.

Biological effects of emerging micro pollutants at realistic
environmental concentrations (1l)

SETAC Europe 26th Annual Meeting Abstract Book
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Effect of environmentally realistic doses of pesticides on tritrophic
interactions in grass strips

C.Le Lann, UMR CNRS 6553 Ecobio/ UMR CNRS ECOBIO; J. Queftelec,
C. Sulmon, University of Rennes 1 / UMR CNRS ECOBIO

In agricultural areas, grass strips implemented as buffer zones to protect water
quality are regularly subjected to residual pesticide contaminations mainly
resulting from runoff. Grass strips are also reservoirs of biodiversity for plants and
insects that are thus potentially exposed to these compounds. Within plant-insect
trophic chains, interactions between trophic levels are governed by exchanges of
resources (nutrients, water) as well as chemical signals. As a consequence, each
trophic level can regulate lower (top-down control) and higher (bottom-up
control) trophic levels. This work aimed at studying the effects of environmentally
realistic low doses of pesticides on the interactions between Lolium

perenne (ryegrass), an aphid pest Rhopalosiphum padi and its parasitoid Ephedrus
plagiator. To simulate a runoff-resulting pesticide exposure of the trophic chain in
a context of grass strip, the plants were exposed via their root system to an
herbicide (isoproturon) and an insecticide (Thiamethoxam), applied alone or in
combination. Insect exposure was thus related to pesticide transfer along the
trophic chain. We found that the three trophic levels were affected by pesticides,
the combination of both compounds resulting in synergistic, additive or
antagonistic effects depending on pesticide dose and traits measured. Moreover
the observed effects were found not to be always linked to deterioration in the
quality and / or quantity of resources produced by lower trophic levels, suggesting
actions of pesticides on non-target organisms as chemical stressors and/or
potentially alteration of plant-insect chemical signals. However, pesticides effects
can be offset between biological organization levels. Thus, in agricultural
landscapes, the interactions between plants, herbivores and their natural enemies
are subject to change with pesticide exposure, even at low doses typically found in
grass strips.
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Signalling and regulation pathways involved in cryptic effects induced by
residual levels of pesticide degradation products on higher plants

D. ALBERTOQ, Université de Rennes 1 / UMR CNRS ECOBIO; A. Serra, I.
Couee, C. Sulmon, Université de Rennes / UMR CNRS ECOBIO; S. Pateyron,
Université dEvry Val dEssonne / URGV INRA Transcriptomic platform; D.
Renault, Université de Rennes / UMR CNRS ECOBIO; G. Gouesbet, UMR
CNRS ECOBIO

Pesticides are pollutants of high concern due to environmental ubiquity resulting
from extensive use in modern agriculture and persistence in soil and water. Study
of plant behaviour toward such molecules and their breakdown products in
situation of residual pollution is important to evaluate toxicity at low
concentration in the context of environmental risk assessment. Studies at various
spatial scales have highlighted frequent occurrences of major herbicide breakdown
products in surface and ground water. In order to understand mechanisms
underlying the impact of such molecules, the model plant Arabidopsis thaliana
was confronted with low levels of breakdown products of widely used herbicides
(aminomethylphosphonic acid for glyphosate, desethylatrazine and
hydroxyatrazine for atrazine), quantified in soils of field margins in an
agriculturally-intensive area. Integrative analysis of physiological, biochemical
and molecular responses showed that these residual xenobiotics rapidly led to
cryptic effects with major reorientations of carbon and nitrogen metabolism and
gene expression changes. The extent of such changes, in absence of significant
action on primary targets, was consistent with involvement of early regulatory
processes and signalling mechanisms. In order to identify such xenobiotic-related
signalling, Arabidopsis seedlings were subjected to low levels of
structurally-related xenobiotics (atrazine, hydroxyatrazine, desethylatrazine) under
conditions of No Observable Adverse Effects, and a genome-wide transcriptomic
analysis (CATMAV7 microarray) was carried out. Functional analysis of
differentially expressed genes and of their promoters revealed that signalling
pathways related to plant hormones (cytokinins, ABA), low energy sensing
(MYB?2), environmental stresses (light, drought, heat, oxidative stress, hypoxia)
and biotic interactions (WRKY40) were involved in xenobiotic signal
transduction. Further studies will use hormone analogues and inhibitors, or
mutants related to hormone signalling, in order to analyse xenobiotic-hormone
interactions. Characterisation of xenobiotic signal transduction pathways should
be of interest for herbicide management in crop systems and for protection of wild
plant communities and ecosystem functioning. Identification of crosstalk
processes between xenobiotic, abiotic and biotic stress signalling may give novel
insights into the interplay between chemical pollution and climate change
stressors.
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The effect of marine litter at cell level: cytotoxicity evaluation of common
nanomaterials and emerging contaminants

G. Schirinzi; J. Sanchis, IDAEA-CSIC / Water and Soil Quality Research Group;
N. Perez, CSICIQAC; C. Rossini, Thermo Fisher Scientific; M. Farre,
IDAEA-CSIC; D. Barcelo, IIQAB-CSIC / Dept Environmental Chemistry
During the past decade, new technologies were based on the use of efficient and
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cheap alternative materials, according to industrial interest. Therefore, a lot of
common commercial products are currently made of nanomaterials or synthetic
materials, such as plastic. Their input to the environment, years after years,
contributes to increase the number of waste in coastal waters, estuaries and
oceans. This is also known as marine litter. Therefore, the aim of recent several
researches is to study the toxic effects of these compounds, the environmental
deterioration and human health effects caused by them. The scope of this study
was to understand the toxicity of common NMs and emerging contaminants at cell
level in terms of oxidative stress and cell viability and to compare the cytotoxic
response of two different cell lines exposed to the same conditions. In addition,
with regards to carbon based nanomaterials, such as fullerenes (Ce,C7,..), due to
their sorptive properties, they may act as carriers for other contaminants,
providing rapid and long-range transport or immobilizing them. The change in the
bioavailability of other contaminants is known as Trojan Horse Effect. In the
present work, the cytotoxicity of nanomaterials (including fullerene soot, graphene
nanoflakes, and several other of metal and metal oxide nanoparticles) has been
evaluated in vitro using two different cellular lines: T98g, cerebral human cells,
and HeLa. The cells were exposed during 24-48 h to different level of
contaminants from 10 ng/ml to 60 yg/ml. Furthermore, cells were also exposed to
increasing concentration of different binary mixtures containing fullerene soot, in
order to evaluate Trojan Horse Effect. The cell viability and cell’s oxidative stress
were measured via High Content Analysis. Cells were selected as objects in two
channels with two different wavelength (1,;=485 nm and 2,=549 nm) close to the
Hoechst and DHE emission maximum, respectively. The obtained results
contribute to the current knowledge of the cytotoxicity of both nanomaterials and
microplastics. According to them, oxidative stress is one of the mechanisms that
explain the toxicity of these emerging contaminants at cell level, as has been
observed for both cell lines. In addition, carbon nanomaterials have the potential
to interact in a complex way with the co-occurring contaminants, changing the
bioavailability and, therefore, their resulting toxicity in either a synergistic or an
antagonistic manner.
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Seabream macrophages responses to combined stressors: gene expression
changes

N.G. Ferreira, University of Porto / CIIMAR; . Barreto, University of Aveiro /
Department of Bioloy CESAM; T. Trindade, University of Aveiro / Department
of Chemistry CICECO; M. Teles, Universitat AutAnoma de Barcelona /
Department of Cell Biology Physiology and Immunology; L. Tort, Universitat
Autonoma Barcelona / Department of Cell Biology Physiology and Immunology;
A M. Soares, Universidade de Aveiro / Department of Biology and CESAM; L.
Guimaraes, CIIMAR University of Porto/ METOX Coastal and Marine
Environmental Toxicology; M. Oliveira, University of Aveiro

Nanoparticles (NPs) and pharmaceuticals are among the different classes of
contaminants of emerging concern (Buchberger 2007, Sauve and Desrosiers
2014). NPs are increasingly used in several areas of human activity, despite the
lack of knowledge regarding their impact in ecosystems. Pharmaceuticals have a
bioactive nature and their consumption is increasing worldwide. Further, their
removal by wastewater treatments is not sufficiently efficient, and in some cases
more toxic or slowly degradable transformation products are formed (Oliveira et
al. 2014). This concern may be emphasized taking into account that, in the
environment, such contaminants may occur simultaneously and their interaction
may become more harmful. Few studies have focused on the combined effects of
these contaminants on coastal and estuarine ecosystems. This study aimed to test
the in vitro effects of gold nanoparticles (AuNPs), with different coatings, and the
human pharmaceutical gemfibrozil (GEM) in gilthead seabream (Sparus aurata)
macrophages. Macrophage gene expression after exposure to these contaminants
(individual or combined exposures, and combined with bacterial
lipopolysaccharide, LPS) was assessed focusing on different pathways (e.g.
apoptosis, inflammatory responses, antibacterial responses, oxidative stress or
calcium signalling). The present study revealed different patterns of response to
AuNPs with different coatings. Citrate coated AuNPs induced expression of genes
such as lysozyme, interleukin-1R (IL1R) or NAPH oxidase (NCF4).
Polyvinylpyrrolidone coated AuNPs elicited downregulation patterns of genes
such as caspase 1 (CASP1), tumour necrosis factor R (TNFA) or extracellular
calcium sensing receptor precursor (GPCR). It is also noteworthy that, with the
exception of IL11o, all the other genes showed downregulation for the ternary
mixture treatment AuNPs+LPS+GEM. In the combined exposure of
AuNPs+GEM, genes related to similar pathways (CASP1 / TNFA or NCF4 /
GPx4b) presented opposite patterns of expression. Gilthead seabream
macrophages showed to be a useful in vitro model to investigate combined effects
of these emerging contaminants.
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Biological-based profiling of wastewaters from sources to the discharge into
the environment

a. guillon, Suez / CIRSEE; N. Creusot, INERIS; J. Couteau, TOXEM; N.
Dumoutier, CIRSEE Suez Environnement; M. Esperanza, Suez Environnement; S.
Martin-Ruel, CIRSEE Suez Environnement; M. Dévier, LPTC-EPOC, University
of Bordeaux / Oceanic and Continental Environments and Paleoenvironments; H.
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Budzinski, University of Bordeaux / UMR EPOC LPTC; S. Ait-Aissa, INERIS /
Ecotoxicology Unit; Y. Penru, Suez Environnement SAS

Aquatic ecosystems are widely contaminated by trace micropollutants that may
represent a risk for human health and wildlife. Even if some compounds are well
removed by wastewater treatments, the discharge of effluents remains one of the
main entry of several micropollutants in the environment. It is particularly
worrying for the compounds that are endocrine disruptors and/or that can induce
genotoxicity. New approach using quantitative biological activities has to be
applied along the water line, especially to monitor the pollution of wastewater.
The objective of this study was to apply a panel of in vitro bioassays to determine
water contamination profiles from the wastewater network to the outlet of the
WWTP. A panel of bioassays were applied on various samples collected in six
sites on the network, along the WWTP in order to evaluate the impact of
biological treatment and tertiary ozonation. Selected in vitro bioassays, applied on
water SPE extract, enabled detection of active chemicals responsible of endocrine
disruption (estrogen, androgen, progestogen, mineralocorticoid, glucocorticoid,
pregnane X and dioxin receptors) and the genotoxicity was evaluated by using the
SOS Chromotest. In all sites along the wastewater network, ER, AR, MR
activities and genotoxicity were detected. GR activity was measured at only three
points of the network and was particularly important in the WWTP influent.
Endocrine disruptor activities as well as genotoxicity were detected in raw
wastewater (WWTP influent). Biological treatment highly reduced ED activities
and genotoxicity. Nevertheless residual activities were still detected in the tertiary
effluent. Results of the 1* sampling campaign allowed the identification of three
notable points of interest on the network and at the WWTP influent. Results of
two next sampling campaigns will help to confirm these “hot-spot” sites in order
to apply effect-directed analysis to perform chemical identification of the
compounds responsible of endocrine disruption activities and/or genotoxicity.
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Effects of magnetic microparticles used for phosphorus removal in eutrophic
waters on plankton community

A. Del Arco, M.. Salcedo, University of Granada / Ecology; A. FUNES,
University of Granada; I. De Vicente Alvarez-Manzaneda, University of Granada
/ Ecology

Eutrophication is a worldwide concern causing environmental degradation and
compromising water resources use. Magnetic particles have been recently
proposed as a promising method to adsorb and remove phosphate from lake water
and sediment. However, before this method is applied into the whole-lake
experiment, ecotoxicological studies must be perform to assess the effect of such
microparticles on the aquatic community. In previous studies, EC50 for standard
specie as D. magna and Chironomus sp. has been assessed, here we present a
microcosms study to further explore the effects of these particles on the whole
community. Our specific hypotheses were: a) the addition of MPs will cause
transient effect on the structure of plankton community allowing its recovery by
the end of the experiment and b) a top-MPs spike will prone more changes on
plankton community than a bottom addition because of a longer exposition time.In
order to test these hypotheses, a microcosms experiment with three different
treatments of MPs (i.e., control, bottom_addition and top_addition ) was set-up.
Bottom addition simulates an addition of the particles directly into the sediment;
and, top addition if it would be spiked at the surface of the water column. The
amount of amended MPs was the same for bottom and top addition treatments and
it was based on the calculations of how much MPs are necessary for trapping all
sediment mobile P pool (Puobiie). However, and based on previous studies, we
decided to add the double of that value in order to counteract chemical
interferences. This experiment has two goals: first, to assess the effects of
magnetic particles on the plankton community; and, second, to estimate the
efficiency of phosphorus removal by the mpFe.The experiment was performed in
outdoor microcosms (40 L volume) consisting of a stabilization period of 10 days,
particles addition and retrieval after 24 hours simulating real field application,
79-days assessment under aerobic conditions and 5-days (stating on day 80) under
anoxic conditions. Plankton abundance, species composition and richness are to
be determined. Neither ChlBa_or oxygen concentration denoted statistical
differences along the experiment between control and treatments. It may mean no
changes of phytoplankton abundance or zooplankton grazing pressure but may
hide community structural and richness changes. Based on chemical analysis,
phosphorus was successfully removed by the MPs added with no detectable effect
on the current biological parameter assessed.

Ecotoxicology and risk assessment of nanomaterials -
Interactions at nano-bio interface (lll)
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Effects of engineered nanoparticle-contaminant mixture exposures to aquatic
organisms

J. Farkas, SINTEF Materials and Chemistry; A. Booth, SINTEF Materials and
Chemistry / Environmental Technology; I. Salaberria, NTNU University /
Biology; T. Ciesielski, Norwegian University of Science and Technology / Dept
of Biology; B. Glomstad, F. Zindler, Norwegian University of Science and
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Technology; D. Altin, BioTrix; A. Olsen, Norwegian University of Science and
Technology; W. Posch, Medical University of Innsbruck; B. Styrishave,
University of Copenhagen / Section of Analytical Biosciences Department of
Pharmacy; B. Jenssen, Norwegian University of Science and Technology /
Biology

Due to their high surface reactivity engineered nanomaterials (ENMs) can interact
with other anthropogenic contaminants, potentially influencing their
environmental distribution, bioavailability and toxicity. Suggested mechanisms
behind those altered toxic effects include changes of contaminant bioavailability
caused by contaminant adsorption to ENMs, or an altered toxicity due to
interactive toxic effects of mixture exposures. Here we want to summarise results
from a range of experiments investigating the effects of several ENM-contaminant
mixtures: carbon nanotubes (CNTs)-phenanthrene; titanium nanoparticles
(TiO,NP)-benzo(a)pyrene; silver nanoparticles (AgNP)-water soluble faction of
crude oil (WSF); and AgNP-17?-ethinylestradiol. Studies included different
aquatic organisms, reaching from the unicellular freshwater algae
Pseudokirchneriella subkapitata to the marine flatfish Scophthalmus maximus.
The ENMs were characterised and their behaviour in the tested environmental
matrices was determined. ENM-contaminant interactions, their uptake in
organisms and effects on contaminant bioavailability were investigated. To
determine potential changes in toxic effects, suitable endpoints or biomarkers
were analysed for each test species. All tested nanomaterials were found to be
taken up or to be associated to organisms' surfaces; however interaction between
ENM and contaminants and effects on bioavailability and toxicity varied.
Adsorption of hydrophobic PAHs was observed to CNT and TiO,NP. Undergoing
aggregation, both CNTs and TiO,NPs reduced dissolved PAH concentrations.
However, both dissolved and ENM-associated appeared to remain bioavailable to
varying extends. Similarly, both, single and mixture exposures of AgNP and the
WSF of North Sea crude oil, caused activation of oxidative stress related
biomarkers in calanoid copepods. The presence of AgNP did not significantly
change 177-ethynylestradiol bioavailability to juvenile turbot. Impacts on steroid
hormone concentrations in mixed exposures followed 17?-ethynylestradiol single
contaminant effects, however, impacts on some hormones were slightly increased
in mixed exposures. ENM-contaminant mixture effects do not follow a general
mechanism. Their interaction and mixture toxicity depends on multiple factors,
including ENM material and contaminant properties. Further research is needed in
order to provide sound data for ENM environmental risk assessment, which needs
to include risks from ENM-contaminant mixtures.
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Long term toxicity of Ag-NM on soil nitrifying bacteria after
biotransformation in WWTPs

M. Kraas, Fraunhofer IME - Institute for Molecular Biology and Applied Ecology
/ Ecotoxicology; R. Kaegi; K. Schlich, Fraunhofer IME - Institute for Molecular
Biology and Applied Ecology; K. Terytze, Freie Universitit Berlin / Earth
Science; K. Hund-Rinke, Fraunhofer IME

Silver nanomaterials (Ag-NMs) are used in many cosmetics and textiles because
of their antimicrobial properties. Several studies have shown that silver is released
from textiles during washing and reach wastewater treatment plants (WWTPs),
where significant amounts adsorb to sewage sludge. As sewage sludge is used as
fertilizer in agriculture, adsorbed NMs enter the soil resulting in a negative impact
on soil microorganisms. The aim of our study was to investigate the influence of
sulfidation as one of the observed transformation processes occurring in WWTPs
on the bioavailability of Ag-NMs. AgsS is less toxic than Ag*, therefore, a
comprehensive risk assessment regarding the pathway “influent - WWTP — soil”
requires information on the effect of sulfate in wastewater on the bioavailability of
Ag-NMs. For that reason we first simulated the transformation processes in
laboratory WWTPs. In a second step the processes during sludge conditioning
were simulated using two different methods. The sludges were split into half, one
half was directly applied into soil the other half anaerobically digested before
mixing the biosolids into soil. To investigate potential effects on soil
microorganisms the ammonium oxidation test (ISO 15685) was performed at
regular intervals. Sewage sludge and soil samples were investigated with TEM
EDX. In the simulation of WWTPs no negative impact on the microbial activity
was observable. The soil ammonium oxidysing bacteria in the directly applied
treatments were more than 50 % inhibited, the anaerobically digested ones nearly
complete. The different sulfate levels had no influence on the bioavaiability of
Ag-NM. The TEM EDX analysis also showed no differnce between the to sulfate
treatments. After processing The particles EDX spectra in the sewage sludge
indicated Ag,S by a perfect matching 2:1 ratio and the particle size was those of
the pristine material NM-300K. The EDX spectra after long term incubation in
soil samples indicated Ag,S as well, but we also found different Ag-species.
Although we found mostly Ag,S in sewage sludge and soil the long term study
with ammonium oxidising bacteria resulted in strong inhibition in all treatments.
Therefore it can not be concluded that the treatment of wastewater and sewage
sludge inevitably results in nontoxic Ag-transformation products.
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Toxicity of TiO2 nanoparticles on soil nitrification at environmentally
relevant concentrations: Evidences for an absence of classical dose-response
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relationships

M. Simonin, University Claude Bernard Lyon 1 / Microbial Ecology Lab; J.M.
Martins, CNRS / LTHE lab; A. Calas, University Joseph Fourier Grenoble 1 /
LTHE lab; G. Uzu, IRD / LTHE lab; A. Richaume-Jolion, University Claude
Bernard Lyon 1

Nitrification is a crucial microbiological process for soil fertility depending on the
combined activity of ammonia- and nitrite-oxidizers. This key step of the nitrogen
cycle is known to be very sensitive to environmental stressors. However, the
impact of emerging pollutants such as titanium-dioxide nanoparticles (TiO,-NPs)
which are increasingly released in agricultural soils, remains to be investigated,
especially at very low concentrations (< 1 mg kg™ dry soil) (Sun et al. 2014;
Simonin & Richaume 2015). We assessed the impact of eight TiO,-NPs
concentrations ranged from 0.05 up to 500 mg kg™ dry soil in soil microcosms on
nitrification activity and abundance of ammonia-oxidizing archaea (AOA),
bacteria (AOB) and nitrite-oxidizers (Nitrobacter and Nitrospira) using
quantitative PCR. In addition, aggregation and oxidative potential of TiO,-NPs
were measured in soil solution to identify the main drivers of TiO,-NPs toxicity in
soil. After 90 days of exposure, AOA appeared to be the most affected by
TiO,-NPs, while Nitrospira seemed insensitive to this contamination. AOB and
Nitrobacter abundance exhibited similar responses. The activity was reduced by
the lowest (0.05 mg kg™') and the highest (100 and 500 mg kg™") TiO,-NPs
concentrations. Interestingly, all indicators exhibited a non classical dose-response
relationship that did not enable to calculate effect concentrations. This results
could be linked to the influence of NPs concentration on the aggregation and
oxidative potential of TiO,-NPs assessed in soil solution. In fact, TiO,-NPs
aggregation was increased with concentration, while oxidative potential was
consequently decreased. Thereby, TiO,-NPs exhibited the largest toxic potential in
soil solution at the lowest concentrations that may explain the negative effects
found at very low concentration (< 1 mg kg™) on nitrification activity and
nitrifiers abundances. Altogether these results pointed out the need to include very
low concentrations of NPs in soil risk assessment studies. This study also
emphasized that classical approaches for risk assessment based on dose-response
toxicological tests are not pertinent for NPs in soil and highlights the necessity to
characterize NPs properties for each concentration used in conditions close to
those encountered in soil.
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There are more than species differences: challenging the immune system with
nanoparticle's sex-specific biological identity

Y. Hayashi, Aarhus University / Department of Molecular Biology and Genetics;
T. Miclaus, Aarhus University / iNANO Interdisciplinary Nanoscience Center; S.
Murugadoss, M. Takamiya, KIT Karlsruhe Institute of Technology / ITG Institute
of Toxicology and Genetics; C. Scavenius, K. Kj®r-Sgrensen, J.J. Enghild,
Aarhus University / Department of Molecular Biology and Genetics; U. Strihle,
KIT Karlsruhe Institute of Technology / ITG Institute of Toxicology and Genetics;
C. Oxvig, Aarhus University / Department of Molecular Biology and Genetics; C.
Weiss, KIT Karlsruhe Institute of Technology / ITG Institute of Toxicology and
Genetics; D.S. Sutherland, Aarhus University / iNANO Interdisciplinary
Nanoscience Center

We have previously reported that, through formation of a protein corona, the same
nanoparticles can acquire a quite different biological identity depending on the
species-specificity of the proteome to which they are exposed, and that they likely
differ in their fate under immune vigilance. Here we hypothesise that if the protein
repertoire diversity matters in general (not simply because of significant
cross-species variations), sex differences in the proteome would translate into
differential corona formation even within the same species. In this study, we show
for the first time that the protein repertoire differences by sex determine
nanoparticle's sex-specific biological identity, and that immune cells in zebrafish
interact differentially with those nanoparticles in vitro. For the formation of
protein coronas around 70 nm silica nanoparticles, zebrafish blood plasma was
collected separately from female and male adult zebrafish (Danio rerio) and the
obtained blood plasma was referred to as DrBP-F and DrBP-M, respectively. As
previously performed, we firstly characterised each type of nanoparticle-protein
complexes as-is and under the exposure condition, and presumed that the main
difference between the coronas formed of DrBP-F/M is the biological identity,
rather than physicochemical parameters such as colloidal stability. Among the
strongly-bound proteins in the corona, female-specific proteins were identified to
be vitellogenin, whereas the lack of vitellogenin in the male counterpart seemed to
have resulted in preferential enrichment of fetuin. We then exposed primary
haematopoietic cells harvested from adult zebrafish to the nanoparticles with a
pre-formed corona of DrBP-F or DrBP-M. Interestingly, it was those with a
pre-formed corona of DrBP-F that resulted in a higher degree of cellular
accumulation in vitro, particularly in the myeloid population. What we find
striking is that the local build-up of single endogenous proteins at nanoparticles
can dictate enhanced immune recognition; in the case of vitellogenin the
nanoparticles would otherwise travel along with those proteins bearing the
possibility to disturb vitellogenesis. The concept of sex differences in the corona
proteome should therefore deserve further attention particularly for oviparous
animals.
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Accumulation, speciation and phytotoxicity of pristine and aged silver
nanoparticles to wheat

A. Pradas, ISTerre (Institut des SCiences de la Terre-UNiversité Joseph Fourier) /
Geochimie; H. Castillo-Michel, ESRF-The European Synchrotron / ID; M.
Carriere, CEA / INACSCIBLAN; C. Levard, V. Vidal, CEREGE; G. Sarret,
ISTerre / Geochimie

Silver nanoparticles (Ag-NPs) are used in a wide range of consumer products due
to their biocidal action. However, they have been demonstrated to be very easily
leached from these products leading to their inadvertent release into the
environment. The application of biosolids, in which Ag-NPs leached to sewer
systems are retained, as fertilizer in soils, together with the novel use of
nanopesticides, makes plants to be significant biological receptors of Ag-NPs. The
objective of this work was to compare the induced phytotoxicity as well as Ag
distribution and speciation in wheat roots exposed to pristine and aged (sulfidized)
Ag-NPs in hydroponics. AgNOj; treatment was used to identify the mechanisms
exclusively due to Ag+. By the combination of X-ray Fluorescence (¢ XRF) and
micro X-ray absorption spectroscopy (# XANES), Ag aggregates were identified
associated to the cell walls in the epidermis, the cortex and the endodermis of
roots exposed to Ag-NP. A process of partial oxidation/dissolution of
nanoparticles followed by a progressive chelation to GSH in planta was found in
these roots. In Ag,S-NPs treatment, Ag appeared colocalized with S forming
aggregates mainly adhered to the root surface. We found evidence of Ag,S-NPs
reduction to metallic Ag in the root surface. For the plants exposed to AgNOs, Ag
was highly accumulated in the root epidermis and also formed spots of several
micrometers in the intercellular space of the cortex. Speciation analysis indicated
a process of Ag dissolution in the epidermis followed by Ag chelation to thiol and
formation of metallic Ag in the root cortex. Phytotoxicity data (thiobarbituric acid
production and quantitative real-time polymerase chain reaction) showed that,
even if the three Ag treatments induced growth retardation in exposed plants, the
toxicity mechanisms that induce this retardation are specific of each Ag source.
Toxicity caused by the release of Ag+, represented by the AgNOj; treatment,
seemed to be mainly mediated by oxidative stress. Nanoparticles phytotoxicity
may be due to both the release of Ag+ and to their high surface reactivity. Overall,
the results show the complex interplay between nanoparticulate and ionic form of
Ag, and that exposure to Ag nanoparticles induce a complex response possibly
due to the multiplicity of Ag species in the plant. Such knowledge on the fate and
impact of nanomaterials for plants, is necessary to better evaluate the risk
associated to the use of these products.

State of the science on poly- and perfluoroalkyl substances
(PFASSs) in the environment and humans (1l)
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Factors influencing the water-suspended sediment partitioning and sediment
levels of legacy and emerging fluoroalkylated substances (PFAS) along the
salinity/turbidity gradient of a macrotidal estuary

P. Labadie, CNRS; G. Munoz, Université de Bordeaux; H. Budzinski, University
of Bordeaux / UMR EPOC LPTC

Fluoroalkylated surfactants (PFAS) are organofluorine compounds that have been
produced and used since the 1950s in numerous applications. Since the global
distribution of perfluorooctane sulfonate (PFOS) in wildlife was revealed, PFOS
and long-chain perfluoroalkyl carboxylates (PFCAs) have been of particular
concern due to their potential for persistence, bioaccumulation, and toxicity,
prompting international efforts to phase-out their production or propose more
environmentally-sustainable alternatives. Since 2001, the science community has
gained a better knowledge as to how long-chain PFASs enter aquatic
environments (sources) and partition between water, sediments and biota (fate).
However, knowledge gaps still remain to be bridged as regards the environmental
behavior of legacy (e.g., PFOS, long-chain PFCAs) and substitution PFAS,
especially at the land-sea interface. The question whether PFASs may be
scavenged along the salinity/turbidity gradient of a macrotidal estuary is indeed of
critical importance to predict their land-sea transport through river discharge into
coastal waters. The present survey was conducted in the Gironde (SW France),
targeting both legacy and substitution PFASs such as short-chain PFCAs,
fluorotelomer sulfonates (FTSAs), and polyfluoroalkyl phosphate diesters
(diPAPs). In this estuary, PFASs were ubiquitous albeit at low levels (XPFAS <
8.3 ng L in the dissolved phase and < 3.3 ng g’ in sediments). In the dissolved
phase, ZPFAS decreased near-linearly with salinity, being PFOS, perfluorohexane
sulfonate (PFHxS) and perfluorohexanoate (PFHxA) the dominant congeners. In
the maximum turbidity zone (suspended solids up to 2.6 g L"), the
particle-associated fraction was almost consistently > 50 % for long-chain
perfluoroalkyl acids (PFAAs), and could be as high as 30-34 % for short-chain
PFCAs. Models of K partitioning coefficients were derived by integrating both
particle-concentration and salting-out effects, and could be used in the future to
implement transport models integrating hydrodynamic parameters to estimate
PFAS mass budgets at the land-sea interface. Multiple linear regressions taking
into account non-detects (data < LOD) provided insights into the relative
influence of factors controlling PFAS sediment levels. In that respect, the organic
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carbon fraction (strongly correlated to sediment grain size) appeared as a more
important controlling factor than distance from upstream sources for medium- to
long-chain PFAS.
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Perfluoroalkylated Substances in Oceanic Plankton

P. Casal Rodriguez, IDAEA-CSIC / Environmental Chemistry; Y. Zhang,
University of Alberta; A. Reardon, University of Alberta / Department of
Laboratory Medicine and Pathology; J.W. Martin, University of Alberta /
Laboratory Medicine and Pathology; B. Gonzalez-Gaya, Institute of
Environmental Assessment and Water Research / Environmental Chemistry; B.
Jimenez, IQOG-CSIC / Instrumental Analysis Environment; J. Dachs,
IDAEA-CSIC / Environmental Chemistry

Perfluoroalkylated substances (PFAS), including perfluoroalkyl carboxylic acids
(PFCAS) and perfluoroalkyl sulfonic acids (PFSAs), are ubiquitous in the
environment, reaching the remote oceans, and have been reported to induce
harmul effects on terrestrial and aquatic organisms. PFAS bioacumulate and
biomagnify in aquatic food webs, and even though there are previous studies on
the occurrence of PFCs in biota, few of them report concentrations on the first
levels of the aquatic food webs (phytoplankton and zooplankton). The objective of
this study was to investigate the global oceanic occurrence of PFCA and PFSA in
plankton samples, to elucidate the factors driving their occurrence, and to evaluate
their bioaccumulation factors. The analysed seawater and plankton samples were
obtained during the Malaspina circumnavigation campaign sampling the Pacific,
Indian and Atlantic Oceans, and additionally, water and plankton samples were
also obtained in the coastal Southern Ocean at Livingston Island (Southern
Shetlands). SPFASs concentrations in ranged from 3 ng gdw" to 60.9 ng gdw'l , with
minimum concentrations in the Pacific and Southern Oceans, and maximum
concentrations in the tropical south Atlantic. There was a significant linear
correlation between concentrations of SPFAS in plankton and water (R?2 =045,
p-value< 0.01), which was driven by the two major analytes in this study (PFOS
with R2=0.71, p-value< 0.01, and PFHxS, R? = 0.63, p-value< 0.01).
Additionally, the isomeric pattern and concentrations of PFOA (n, iso, 5m, 4m,
and 3m) and PFOS (n, iso, 5m, 4m, 3m, and 1m) were quantified in plankton
samples. PFOA total branched isomers (%br-PFOA) in plankton samples were
highest in the Northen hemisphere, while PFOS total blanched isomers
(%br-PFOS) followed the oposite pattern. This first report of PFAS concentrations
in plankton samples from the global oceans shows that PEASs are ubiquitously
found in oceanic plankton, and provides evidence that the concentration of PFSAs
is closely coupled between seawater and plankton. In addition, we also provide a
first assessment of isomer composition for PFOA and PFOS in plankton in the
global oceans. The occurrence and bioaccumulation of PFAS is further discussed
in terms of sources, transport and cycling.
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Levels and maternal transfer of PFAS in Arctic hooded seal mother-pup
pairs

R. Gronnestad, University of Oslo / Biosciences; G.D. Villanger, Norwegian
Institute of Public Health; A. Polder, Norwegian University of Life Sciences /
Department of Food Safety and Infection Biology; K.M. Kovacs, C. Lydersen,
Norwegian Polar Institute; B. Jenssen, Norwegian University of Science and
Technology / Biology; K. Borga, Department of Bioscences, University of Oslo /
Department of Biosciences

Perfluoroalkyl substances (PFASs) are persistent contaminants that are present in
the Arctic, and which have the capacity to bioaccumulate and biomagnify in food
webs. There is a paucity of studies on the role of milk as a vector for maternal
transfer of PFAS, and in particular in marine mammals, which have very lipid rich
milk. The aim of the present study was to quantify PFASs in mother-pup pairs of
hooded seals (Cystophora cristata) and to determine the potential role of milk as a
vector in maternal-pup transfer of these compounds in this process. The hooded
seal is a high trophic level predator in the arctic marine food web and is therefore
susceptible to high exposure of contaminants. This species has a very short and
intensive lactation period (3-4 days), enabled by the transfer of extremely lipid
rich milk (>60% fat). This makes the hooded seal a good model to study maternal
transfer of contaminants. Plasma and milk were collected from 15 mother-pup
pairs in the marginal ice zone east of Greenland in 2008, and analysed for PFASs.
Perfluorooctanesulfonate (PFOS) was the predominant PFAS in all samples
(approximately 40% of ZPFAS), and the levels were within the range of levels
reported in similar studies on pinnipeds. Mean XPFAS concentrations were 66
ng/g ww in pup plasma, 36 ng/g ww in maternal plasma and 3.2 ng/g ww in the
milk. Higher ZPFAS levels in maternal plasma compared to the milk supports the
concept that binding to plasma proteins limits their incorporation into milk. The
individual PFASs differed in their transfer between mothers and pups depending
on their carbon chain lengths, with the lowest transfer efficiency for the
intermediate chained PFASs and higher transfer of both higher and lower chained
carboxylates. The current study was the first to document PFASs in pinniped milk
and in hooded seal plasma. We have confirmed maternal transfer of PFASs from
hooded seal mothers to pups, and that this transfer likely takes place both via milk
and placental transfer; the latter is thought to be the dominant pathway.
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New concern on old substances - endocrine disrupting effects of PFAS

E. Fetter; A. Biegel-Engler, C. Staude, German Environment Agency; L. Vierke,
Federal Environment Agency UBA / Section IV Chemicals; C. Schulte,
Umweltbundesamt / Chemicals

Concerns for long chain per- and polyfluorinated alkyl substances (PFAS) have
been identified due to their persistent, bioaccumulative and toxic properties.
Successful regulatory activities are targeting the long chain PFAS due to these
properties but also resulted in an increased use of short chain PFAS as
“alternatives” by the industry. As a consequence, already today, short chain PFAS
are found increasingly in different environmental media. Since they are less
bioaccumulative but persistent, they might be spread out in the environment
ubiquitously due to their mobility. Therefore, it is of importance to reveal
concerns related to their presence in different environmental compartments in
order to initiate regulatory measures. Recently, first studies on PFAS endocrine
disruptive properties have been published in the scientific literature. Most of the
studies using in silico or in vitro test systems. Only limited number of studies has
been found in the public scientific literature using in vivo test systems. Hence,
most information on endocrine effects could be attributed to the endocrine
disrupting mode of action but not to the related adverse effects. While in vitro
estrogen receptor binding studies are contradictory for PFAS, in vivo results give
the first evidences on estrogen mode of action in fish for some selected
perfluoroalkyl carboxylic acids and fluorotelomer alcohols. Several studies
indicate interactions of PFAS with the thyroid hormone signaling. Effects
assessed by far, are related to the binding of thyroid receptors, thyroid hormone
transport proteins and alterations of genes related to thyroid hormone
biosynthesis, transport and bioactivation. Unfortunately, aquatic in vivo assays are
lacking for the short chain PFAS but the ones available for the long chain
members indicating interaction with the thyroid hormone signaling. Only limited
number of studies gives first indication on interaction with the glucocorticoid
pathway. Although information on endocrine disruption properties of PFAS are
mosaic and mostly provided by in vitro studies, the first evidences show that this
aspect might require more attention, especially for the short chain PFAS that
might be spread out in the environment due to their mobility. Since endocrine
disruptors are considered as substances of equivalent concern under REACH,
special attention should be given to these properties when assessing short chain
PFAS.
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Effects of perfluorooctane sulfonate and alternatives on long-term
potentiation in rats in vivo

W. Liu, School of Environmental Science and Technology, Dalian University of
Technology / School of Environmental Science and Technology; Q. Zhang, Y.
Wang, H. Zhao, School of Environmental Science and Technology Dalian
University of Technology

With limited but ongoing production and application of perfluorooctane sulfonate
(PFOS), the toxicity of its alternatives is lack of evaluation. The present study
evaluates the effects of PFOS and its alternatives on long-term potentiation,
aiming to provide some evidence for their potential to affect cognitive ability.
Targeted alternatives included perfluorohexane sulfonate (PFHxS),
perfluorobutane sulfonate (PFBS), and chlorinated polyfluorinated ether sulfonate
(F-53B). Different dosages of PFOS and alternative chemicals were given to rats
via acute intracerebroventricular injection exposure. The input/output functions
(10), paired-pulse facilitations (PPF), and long-term potentiation (LTP) of the
field excitatory postsynaptic potential (fEPSP) ampilitude in vivo were recorded.
PFOS and alternatives exposure did not significantly affected the normal synaptic
transmission, but inhibited LTP in hippocampus CA1 region in a dose-dependent
manner. In addition, PFHxS and F-53B exhibit comparable potential to PFOS in
disturbing LTP. The results suggested that acute exposure to PFOS and its
alternatives resulted in the impairment of the synaptic plasticity by a postsynaptic
rather than presynaptic mechanism. Besides, the fEPSP amplitude of baseline was
reduced by F-53B but not by other compounds, indicating that F-53B might
possess a different action mode. Therefore, further study was conducted to
evaluate the effects of the chronic PFOS exposure during developmental period on
LTP. The results found that LTP was repressed later in life by early PFOS
exposure. Providing some electrophysiological evidence and potential mechanism
of the neurotoxic effects induced by PFOS and its alternatives, the present study
suggests further evaluation of their safety.

Alternative approaches to animal testing for ecotoxicity
assessments
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Comparison of two fish cell lines for the evaluation of model contaminants
and PAH complex mixtures toxicity

P. Pannetier, C. Clérandeau, University of Bordeaux; J. Cachot, EPOC- Université
de Bordeaux; B. Morin, University of Bordeaux

Fish are currently used models for the toxicity assessment of chemicals. The
REACH Regulation and the European directive on the protection of animals used
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for scientific purposes wish the establishment of alternative assays to animal
experiments. In this concern, fish cell lines are being developed to provide fast
and reliable results on the toxic and ecotoxic properties of chemicals while
respecting ethical concerns about animal testing. Rainbow trout liver cell line
RTL-W1, which is one of the best characterized cell lines derived from fish for
mechanism-specific bioassays and Japanese medaka embryos cell line OLCAB-e3
were used to validate different toxicity assays (MTT, EROD and comet assay) on
four model contaminants with different properties: B[a]P, PCB126, Cadmium and
Methyl Methanesulfonate. In addition, these cell lines were used to analyze the
effects of four polycyclic hydrocarbon (PAH) complex mixtures: Arabian light
crude oil, refined oil from Erika, unleaded petrol and diesel oil. Whatever the
bioassays and contaminants tested, dose-dependent effects were observed but with
marked differences of sensitivity between cell lines. For the cytotoxicity endpoint
embryonic cell line, OLCAB-e3, is more sensitive than trout cell line, RTL-W1
for the majority of compounds. On the contrary, for genotoxicity, the rainbow
trout cell line is more sensitive than the medaka one. However, both cell lines give
information about toxicity mechanisms of compounds. Our preliminary results
confirmed the possibility of using cell lines to assess the toxicity of chemicals,
including mixtures, especially in high throughput screening assays. Differences in
sensitivity have been found between fish cell lines. It is therefore necessary to
carefully select a cell line based on the mode of action and the nature of the
studied toxic compound. Same compound will be tested on other alternative to
animal experiment: fish embryotoxicity assay. Results will be compared with
those obtained on cell lines.
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Fish & Chips: Development of a novel in vitro system of the fish intestine

C. Drieschner, Eawag, Aquatic Research / Department of Environmental
Toxicology; P. Renaud, EPFL / LMIS; K. Schirmer, Eawag / Environmental
Toxicology

Fish are important test organisms in chemical risk assessment. One promising
strategy of replacing expensive, time consuming and ethically questionable animal
experiments with fish is the use of continuous cell cultures from rainbow trout.
Our approach of recreating the intestinal microenvironment of fish in vitro, to
study physiological responses towards toxicants, is based on the cell line
RTgutGC and newly developed microchip technology. In vivo, the intestine is
lined by a single layer of absorptive epithelial cells, which faces the intestinal
lumen on one side and the inner of the body on the other. Herein, the basement
membrane represents an ultrathin, highly porous substrate for the epithelial cells.
In vitro, this delicate membrane is often mimicked with transwell integrated
plastic membranes. However, these membranes are relatively thick, show low
porosity and visibility of cells using light microscopy is not possible. Using
standard microfabrication technology we were able to engineer an ultrathin, highly
porous membrane as new cell culture interface. The new membranes are unique in
terms of their high porosity and equally distributed nanopores. A single cell
seeded on the substrate is in contact with ~3000 pores, while a cell on commercial
membranes only faces ~20 pores. A great advantage of ultrathin membranes is
their transparency which allows to follow cell growth over time with light
microscopy. In addition, confocal microscopy through the membrane results in
high quality images. For long term cell culture over 21 days we observed cellular
polarization with basolateral actin stress fibers and apical tight junction formation.
Non-invasive impedance monitoring over the culture period of 28 days revealed a
strong increase in ohmic resistance within the first 24 hours, resulting from cell
attachment. Thereafter, resistance increased slowly and steadily due to cell
proliferation. Impedance was also used to on-line monitor the response of
epithelial cells to toxicants (e.g. sodium dodecyl sulfate). A decrease in ohmic
resistance was associated with a decrease in cell viability and disruption of barrier
functionality. For ongoing studies we aim to establish a co-culture system of
epithelial cells (RTgutGC) and fibroblasts (RTgutF) on chip. Moreover, we will
integrate the microchip in a microfluidic bioreactor to allow for realistic,
biologically relevant exposure and transport phenomena of chemical pollutants
found in the aquatic environment.
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In vitro to in vivo extrapolation of hepatic metabolism in fish: an
inter-laboratory comparison of in vitro methods

K.A. Fay, University of Minnesota - Duluth / Biology; M.R. Embry, ILSI Health
& Environmental Sciences Institute (HE; M. Bernhard, The Procter & Gamble
Company / Env Stewardship and Sustainability; I. Bischof, Fraunhofer IME -
Institute for Molecular Biology and Applied Ecology; J.W. Davis, Dow Chemical
Company / Toxicology and Environmental Research and Consulting; J.
Domoradzki, Dow Corning Corporation / Health and Environmental Sciences; M.
Halder, European Commission Joint Research Centre / DG Joint Research Centre
IHCP EURL ECVAM; J. Hu, The Dow Chemical Company / Toxicology and
Environmental Research and Consulting; K.M. Johanning, KJ Scientific LLC /
dba of Pura Vida Connections LLC; H. Laue, Givaudan Schweiz AG / Fragrances
S T; D. Nabb, DuPont; J.W. Nichols, U.S. EPA / ORD NHEERL Mid Continent
Ecology Division; H. Peterson, DuPont; C. Schlechtriem, Fraunhofer IME /
Bioaccumulation and Animal Metabolism; H. Segner, University of Bern / Centre
for Fish and Wildlife Health; L. van der Wal, OECD; J.A. Weeks, S.C. Johnson &
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Chemical biotransformation represents the largest source of uncertainty in
chemical bioaccumulation assessments. Models of chemical bioconcentration in
fish may be greatly improved by including biotransformation rates, as measured in
vitro. Substrate depletion assays with trout hepatocytes or liver subcellular
fractions (S9) have been successfully employed to this end. Regulatory use of
these procedures, however, requires that they be evaluated to determine their
reproducibility within and among laboratories. Building on previous work, a
multi-laboratory ring trial was coordinated by the ILSI Health and Environmental
Sciences Institute (HESI). The specific aims of the ring trial were to determine the
reliability of these assays within and across laboratories, compare the performance
of substrate depletion assays using the two biological systems, and support the
development of an OECD test guideline (OECD Project 3.13). Six laboratories
(Procter & Gamble, Fraunhofer IME, Dow Chemical, DuPont, KJ Scientific/SC
Johnson, Givaudan) conducted substrate depletion assays for 6 test chemicals
(pyrene, 4-n-nonylphenol, fenthion, cyclohexyl salicylate, deltamethrin,
methoxychlor) using both trout liver S9 fraction and trout hepatocytes to
determine in vitro intrinsic clearance (CLiy viro, int). For the different test chemicals,
the intra-laboratory agreement in CLi, vigo, in averaged 14-22 %CV for the
hepatocyte assays and 5-32 %CV for the S9 assays. The inter-laboratory
agreement was somewhat higher, ranging from 23- 40 %CV for the hepatocyte
assays and 11 -42% for the S9 assays. Extrapolation of the in vitro intrinsic
clearance rates for each test system to in vivo intrinsic values resulted in good
agreement (within 2x) for all test chemicals except pyrene (~5x difference). Much
of the variability in the in vivo clearance predictions was further reduced upon
incorporating blood flow limitations and protein binding algorithms into hepatic
clearance predictions. As seen in previous studies, inter-laboratory variability was
further reduced upon incorporation of in vitro rates into BCF prediction models.
The results of this ring trial firmly establish the reliability of these methods and
provide strong support for use of this information in modeled BCF assessments
for fish.
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Assay development based on the AOP network "thyroperoxidase and
deiodinase inhibition leading to impaired swim bladder inflation"

E. Stinckens, University of Antwerp; L. Vergauwen, University of Antwerp /
Zebrafishlab Dept Veterinary Sciences; A. Schroeder, US EPA / Water
Resources Center; W. Maho, University of Antwerp Toxicological Center /
Toxicological Centre Dept Pharmaceutical Sciences; B.R. Blackwell, ORISE; H.
Witters, VITO / Applied Bio molecular Systems; R. Blust, Department of
Biology; G.T. Ankley, U.S. EPA / National Health and Environmental Effects
Research Laboratory; A. Covaci, University of Antwerp, Toxicological Center /
Toxicological Center Dept of Pharmaceutical Sciences; D.L. Villeneuve, U.S.
EPA / Mid Continent Ecology Division; D. Knapen, University of Antwerp /
Zebrafishlab Dept Veterinary Sciences

The vast number of industrial chemicals has generated a strong focus on
alternative test development for ecological risk assessment. Therefore, we are
developing a non-animal testing strategy for the prediction of chronic aquatic
toxicity including in vitro tests and in vivo ZFET (Zebrafish Embryo Acute
Toxicity Test, OECD TG 236) assays. Our assay development process is based on
using the adverse outcome pathway (AOP) framework to identify key events
(KEs) that could be used to predict chronic toxicity. We developed an AOP
network, encompassing thyroperoxidase (TPO) and deiodinase (DIO) activity
inhibition, leading to decreased T4 (prohormone) and/or T3 (biologically active
hormone) concentrations, impacting swim bladder development and inflation. The
latter is considered an ecologically relevant adverse outcome as it affects feeding
behaviour and predator avoidance, resulting in lower survival probability. For the
assessment of AOP-specific KEs, we optimized in vitro assays to characterize the
effects of a battery of environmental chemicals with suspected thyroid disrupting
activity on TPO/DIO activity. Results were used to predict the impact on swim
bladder inflation and validation was accomplished using 120 hours post
fertilization (hpf) ZFET and 32 days post fertilization (dpf) FELS (Fish Early-life
Stage Toxicity Test, OECD TG 210) experiments. Mercaptobenzothiazole (MBT),
a compound identified as a TPO inhibitor, does not directly impair posterior
chamber inflation at 120 hpf, while iopanoic acid, a DIO inhibitor, and
propylthiouracil, which inhibits TPO and DIO, do. These results affirm our AOP
network stating that embryonic TPO activity is not essential for posterior chamber
inflation, because of the presence of maternal T4, while DIO activity is needed to
activate maternal T4 into T3. However, both enzymes are needed to synthesize
and activate THs at later developmental stages, so both TPO and DIO inhibitors
were predicted to impair anterior chamber inflation. A FELS MBT exposure
indeed resulted in impaired anterior chamber inflation at 21 dpf. Moreover, a
relationship between T4 levels and anterior chamber surface further suggests an
influence by THs on anterior chamber inflation. In vitro assays measuring the
TPO/DIO inhibitory potential of compounds were optimized and used to screen a
battery of relevant compounds. The results were successfully used to predict the
impact on swim bladder inflation, which was validated using ZFET and FELS
tests.
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Ecological Threshold for Toxicological Concern (eco-TTC) - Assessing the
potential of a new tool for environmental hazard assessment

A. Beasley, The Dow Chemical Company / TERC; M.G. Barron, U.S. EPA / Gulf
Ecology Division; S.E. Belanger, The Procter & Gamble Company /
Environmental Stewardship and Sustainability Organization; J. Brill, The Procter
& Gamble Co. / Environmental Stewardship and Sustainability; D. De Zwart,
RIVM / Centre for Sustainability Environment and Health; M.R. Embry, ILSI
Health & Environmental Sciences Institute (HE; B. Farr, ILSI Health and
Environmental Sciences Institute (HESI) / Health and Environmental Sciences
Institute HESI; A. Kienzler, European. Commission - Joint Research Centre /
THCP System Toxicology Unit EURL ECVAM; H. Sanderson, Aarhus
University Department of Environmental Science / Department of Enviromental
Sciences; M. Halder, European Commission Joint Research Centre / DG Joint
Research Centre IHCP EURL ECVAM; R. Hummel, U.S. EPA; T.J.
Norberg-King, U.S. EPA / NHEERLMidContinent Ecology Division; R.M.
Sternberg, U. S. EPA / Environmental Fate and Effects Division; J.G. Suski, U.S.
Environmental Protection Agency / Safer Choice Program; P.W. Wilson, Sanofi
U.S., Inc. / Health Safety and Environment

The ecological Threshold for Toxicological Concern (eco-TTC) is a new tool
under development that summarizes the wealth of ecotoxicological information in
the form of Predicted No-Observed Effect Concentrations (PNECs) on diverse
chemical substances in the form of statistical (probability) distributions.
Eco-TTCs can be developed that allow prediction of untested chemicals based on
structural attributes (categories), mode of action, or functional use. The approach
may be useful for assessing chemicals at early tiers of the risk assessment process,
provide hazard perspective on chemicals that lack QSARs, can be used to guide
product development discussions, and assist read across or category justifications.
The proposed eco-TTC is the statistically determined fifth percentile value for the
distribution of PNECs for an assessed group. The eco-TTC approach has the
potential to reduce the need for animal testing (fish) in many situations. In this talk
we summarize the process that has been developed to quantify eco-TTCs and then
bring this to life by providing a few examples. Fundamental to the development of
eco-TTCs is the formation of a rigorous ecotoxicological database (transparent,
high quality studies, traceable to the point of origin). A particularly interesting
aspect of this work is segmentation of the data by mode of action and chemical
categories. Non-polar and polar narcotic compounds comprise the vast majority of
tonnage of chemicals in commerce and provide the first chance to assess the
congruence of eco-TTC predictions and patterns with QSARs as well as
environmental risk assessments built on empirical data submitted to REACH and
other chemical management programs. Approximately 500 chemicals in the
eco-TTC database have either a non-polar or polar narcotic mode of action and of
these approximately one third have complete acute or chronic data sets (all three
taxa). However, the derived PNECs are relatively randomly distributed with
respect to application factors applied to the most sensitive taxon when ranked
from lowest to largest PNEC. The eco-TTC for non-polar and polar narcotics is
explored in depth. Additional category assessments (phenols, esters, reactive
compounds, etc.) with sufficient information are under development. Based on the
overall data set statements can be made about relative sensitivity of taxa and
trophic groups can also be discussed. Eco-TTCs are seen as a promising addition
to the toolkit of hazard assessment.

Biomonitoring of contaminants in the marine environment:
integration of biological and chemical approaches
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Developing tools for diesel biomonitoring in tropical coastal habitats of Brazil
A. Sardi, Akvaplan-niva; L. Sandrini-Neto, P. da Cunha Lana, UFPR; P. Renaud,
L.A. Camus, Akvaplan-niva

Recent offshore petroleum exploration in Brazil has increased the risks of oil
spills in tropical habitats. To better protect environmental health, improved
oil-spill preparedness and response is needed. In order to identify tools for
developing better biomonitoring strategies, we are currently assessing the efficacy
of antioxidant biomarkers as post-spill monitoring tools. Our specific goals are 1)
to establish a baseline of biomarker values for tropical species 2) to characterize
the antioxidant biomarker response in two common species the clam
Anomalocardia flexuosa and the polychaete Laeonereis culveri exposed to
sediments spiked with diesel oil under laboratory conditions and 3) to evaluate the
biomarker response after chronic exposure to diesel oil in situ. Specimens of A.
flexuosa, the mangrove oyster Crassostrea rhizophorae, the snail Neritina
virginea, the crab Uca maracoani and the catfish Genidens genidens were
sampled in two different seasons, and at locations two locations, one contaminated
and another control. Measured markers include CAT, SOD, GPx, GST and LPO.
Multivariate analyses were employed to visualize results and a two-way
PERMANOVA test was use to test for significant differences in the antioxidant
response among species, levels of contamination and seasons. The interaction
between season and contamination condition was significant, indicating that
biomarker variation responds to complex settings. In the lab experiment,
significant differences in antioxidant enzymatic activity depended on the sampling
time after the exposure event. Changes in the enzyme activity were fast, with
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differences occurring between sampling separated only by 24h, proving that the
time in which these endpoints are to be measured after a putative oil spill is of
major importance. The overall pattern in the enzymatic response was species
specific, showing that none of the enzymes measured can be expected to show the
same pattern of response (inductive or inhibitory) for both species. A field
validation study with chronic diesel oil exposure, to be conducted in early 2015,
will include background variability as an informative modulator for oil exposure
response at the cellular level. Data provided from this work will contribute
significantly to the post-spill monitoring assessment tool-box in tropical waters.
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The marine environment of Kuwait- an integrated monitoring programme to
assess the impacts of pollutants

B.P. Lyons, Cefas Weymouth Laboratory; M. Devlin, James Cook University; A.
Smith, Cefas / Ecotoxicology and Molecular Ecology; A. Al-Zaidan, H.
Al-Sarawi, Kuwait Environment Public Authority

Threats to the marine environments of Kuwait, and the wider Gulf, are both
evident and increasing, and the status of many aspects of the region’s unique
biodiversity are at record low levels. Like many of the other countries which
comprise the Gulf Co-operative Council (GCC), Kuwait has undergone major
economic, social and industrial development following the discovery of its oil
reserves. This has led to a variety of contaminants being discharged directly to the
marine environment, including petroleum hydrocarbons, metals, nutrients, and
contaminated brine from desalination plants. Here we report the findings of a
comprehensive marine monitoring programme, which along with collecting
contemporary data, included an extensive review of a 30 year dataset (water
microbial quality, metal pollution and nutrient inputs) to establish the historic
baseline of pollutants within Kuwait. A present day assessment of the ‘health’ of
the marine environment, in relation to chemical and biological contaminants,
included the analysis of water, sediment and biota for a range of chemical
contaminants including polycyclic aromatic hydrocarbons (PAHs), metals,
polychlorinated biphenyls (PCBs) and polybrominated diphenylethers (PBDEs).
In addition historic inputs of sewage contamination using sedimentary faecal
sterol markers were assessed alongside conducting ecotoxicology screening of
seawater samples and the assessment of biomarker response and histopathology in
key sentinel species. The findings indicate that while Kuwait’s marine
environment has been subject to a wide array of pollution events, the actual levels
of chemical contamination remains relatively low. However, sediment
contamination hotspots associated with point sources of industrial contamination
were evident at a number of locations around the coast. The assessment of
histopathology in fish species indicated that lesions associated with chemical
contamination were low when compared with other studies conducted globally.
Sewage contamination continues to be a serious issue, with a number of coastal
sites heavily contaminated. Linked to this was the observation that seawater
samples displayed both acute toxicity and endocrine disrupting potential when
screened with bioassay tests. Overall the data allowed ‘health assessments’ to be
conducted at a number of sites and the findings are currently being used by the
competent authorities in Kuwait to refine and redesign their national monitoring
programme.
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Is alkali labile phosphate (ALP) a suitable biomarker for endocrine
disruption in marine mussels?

P. Sanchez Marin, L. Ferniandez-Gonzilez, L. Mantilla-Aldana, University of
Vigo / Ecology and Animal Biology; A.P. Diz, University of Vigo / Biochemistry
Genetics and Immunology; 1. vidal, ECIMAT

Alkali labile phosphate (ALP) is usually measured as a proxy for vitellogenin in
fish and molluscs, the ALP method detects inorganic phosphate liberated from
phosphorylated proteins like vitellogenin and others. In mussels, it has been
measured either in gonad, hemolymph or digestive gland and used in both
laboratory and field experiments as a biomarker of endocrine disruption.
However, recent studies have shown that vitellogenin is only produced in the
female gonad of bivalves and that the phosphorilated proteins measured by ALP
in hemolymph correspond to extrapallial protein precursor and not to vitellogenin,
that is absent in this fluid (Agnese et al. 2013; Oliveri et al. 2014). This work aims
to demonstrate if ALP can still be used as a proxy of vitellogenin in the marine
mussel Mytilus galloprovincialis when measured in the gonad, the primary site of
vitellogenin production and accumulation. For that, several mussels were collected
during two seasons representing different maturation stages (early gametogenesis
and fully mature), sex and maturation stage were determined by histological
analysis and vitellogenin was measured by two techniques: ALP and LC-MS/MS
after separation by SDS-PAGE electrophoresis. Protein analysis by LC-MS/MS
evidenced the presence of vitellogenin in female, but not in male gonads
disregarding their maturation stage. On the contrary, ALP normalized both by
protein or by tissue weight, was similar or even higher in males than in females,
and did not change with maturation stage. Further protein analyses are currently
being done in order to quantify and compare vitellogenin contents in mussel
gonad's at different maturation stages and after being exposed to the synthetic
estrogen ethinyl estradiol.
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In situ toxicity testing using a nerite gastropod

M. Bighiu, Stockholm University / Environmental Science and Analytical
Chemistry ACES; B. Eklund, Stockholm University / Department of
Environmental Science and Analytical Chemistry; A. Eriksson-Wiklund,
Stockholm University / Environmental Science and Analytical Chemistry ACES
Field studies are considered to be more relevant than laboratory tests, as they
allow experimentation under natural conditions. Moreover, for some species,
endpoints such as reproduction can only be successfully achieved in situ. Thus,
the aim of this study was to observe the long-term effects of harbor water on a
common snail in the Baltic Sea - Theodoxus fluviatilis. Harbors (including
marinas) are well-known for accumulating pollutants due to poor water exchange.
Antifouling paints are one of the main sources of pollution due to their continuous
release of biocides into the harbor waters. Thus it is important to assess the
sublethal effects of these mixtures of biocides and other contaminants, as they can
be an early warning signal for a risk at population level. During two consecutive
boating seasons we exposed caged snails in 2 or 3 marinas (2014 and 2015,
respectively). The cages were immersed at 1 m depth at all sites and were
periodically cleaned to ensure good water exchange. The reproduction of snails
was assessed in terms of number of eggs laid in each cage after 2 or 4 weeks.
During both years we observed significantly less eggs in all marinas compared to
the reference sites (eg between 27- 99 % less eggs). The nutrients in the water
were not limiting at any of the sites and therefore we reckon that the reduction in
egg-laying in the marinas was due to other factors. Histopathology of the snails is
on-going for detecting atrophy of the gonads or any other abnormalities. The
marina with the lowest snail reproduction in both years also had the highest
mortality, i.e. 6 times higher than at a reference site. The chemical analysis of the
water revealed the highest copper and zinc concentrations in the respective marina
but further evidence is needed to confirm that these metals are the main cause of
the observed toxic effects. Analysis of metallothionein concentration in snails is
on-going for measuring a direct biological response to metals such as copper and
zinc. This unified investigation of effects at different levels of biological
organization will likely help us quantify the contribution of metals vs other
organic contaminants to the overall toxicity.
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Biological effects of an offshore oil and gas installation on local fish
populations: The Norwegian Water Column Monitoring programme

S. Brooks, NIVA / Ecotoxicology and Risk Assessment; D.M. Pampanin, IRIS;
R.C. Sundt, Statoil

The biological effects of an offshore oil platform on local fish populations were
assessed as part of the Water Column Monitoring (WCM) programme for 2014.
The Njord A platform was chosen as the study location, which was not in
operation and had no current discharge of produced water. Demersal fish species
were targeted since they were believed to be less likely to migrate away from the
platform than pelagic fish. By targeting organisms deeper in the water column and
selecting a platform currently not in operation, the impact of drill cuttings and
other sediment sources including leakages from well deposits were the main
sources of contamination. Wild fish including ling (Molva molva), tusk (Brosme
brosme), redfish (Sebastes sp.) and saithe (Pollachius virens) were caught with
baited rod and line from within the 500 m safety zone of the Njord A platform
during the summer of 2014. Reference fish were caught on a separate research
cruise by trawling from a region of the Norwegian Sea less impacted by oil and
gas activities. Contaminant body burden and a suite of biological effects endpoints
were measured in all fish groups and included DNA adducts, DNA strand breaks
by comet assay, acetylcholine esterase (AChE) inhibition, ethoxyresorufin
0-deethylase (EROD), vitellogenin (VTG), lysosomal membrane stability (LMS),
liver and gill histopathology, PAH metabolites, and PAH body burden. The
biomarker data were integrated using the integrated biological response index
(IBR/n). Despite low and/or undetected concentrations of PAH and PAH
metabolites in fish fillet and bile respectively significant responses in AChE,
comet and DNA adducts were found. The biomarker responses indicated exposure
to both neurotoxic and genotoxic chemicals in fish inhabiting the lower water
column with influence from sediment sources around the Njord A platform.
Integration of the biomarker responses (IBR/n) found that all four fish species that
were caught from around the platform had markedly higher IBR/n values than
their respective reference population. The study shows the advantage of using a
suite of biomarkers for assessing the biological effects of low concentrations of
complex mixtures with biological effects observed despite low concentrations of
PAH measured.
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The Integrated Biomarker Response: a suitable tool to evaluate toxicity of
metal-based nanoparticles

S. Devin, LIEC - Université de Lorraine - CNRS / LIEC CNRS UMR; P.
BUFFET, The Cobalt Development Institute; A. Chatel, Université Catholique de
10uest / Sciences Environnement; H. Perrein, Université Catholique de 10uest /
MMS; C. Mouneyrac, Université Catholique de 10uest / UNAM Université
Nantes Angers Le Mans Mer Molécules Sant¢ MMS

Nanotechnology is a much promising field of science and technology with
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applications in a wide range of areas such as electronics, biomedical applications,
bioremediation, energy, cosmetics, water treatment. Among engineered
nanoparticles (ENPs), metal-based ENPs comprise the largest number of ENPs
such as silver, gold, copper oxide (CuO), zinc oxide (ZnO), cadmium sulfide
(CdS) nanoparticles. The toxicity of metal-based NPs may be either due to their
specific physical characteristics as NPs or to the specific toxicity of metals
released from NPs under environmental conditions. In this study we evaluated
toxicity effects of ENPs (Ag, Au, CuO, CdS, ZnO) and their ionic control part on
two endobenthic species: the ragworm Hediste diversicolor and the bivalve
mollusc Scrobicularia plana. The selected exposure concentrations for Cu, Ag,
and Cd (10 ug.L™") were chosen considering concentrations reported for each
metal in highly contaminated marine environments. For Au, because this metal is
very inert, the concentration (100 #g.Au L') was chosen in order to induce some
biological responses. For ZnO NPs, we selected exposure to 3 mg ¥ZnO kg™
sediment since this level is a realistic prediction of the environmental
concentration in sediments (Tiede et al., 2009). The implementation of a suite of
complementary biomarkers as early warning signals of the presence of
contaminants has been successfully applied to provide integrated information on
the toxicity of ENPs in aquatic species. A common challenge in multibiomarkers
studies is to go beyond an independent interpretation of each one, and to really
assess a global response of individuals. The aim of the present study was to test
the suitability of the Integrated Biomarker Response (IBR) in both species
exposed to the different metal-based ENPs studied or to their soluble metal
counterpart to provide efficient and easy tools for environmental managers. We
evidence that metal-based NPd lead to an overall difference in biological
responses from the control and their soluble counterpart. The IBR could thus be
considered as an efficient tool to transfer some research results to stakeholders.

Environmental risk assessment of chemical mixtures: the
steps ahead (l)
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Applying mixture toxicity modelling to assess the contribution of detected
chemicals to in vitro effects: An example from the Danube River

P.A. Neale, Griffith University / Smart Water Research Centre; S. Ait-Aissa,
INERIS / Ecotoxicology Unit; W. Brack, Helmholtz Centre for Environmental
Research UFZ / EffectDirected Analysis; N. Creusot, INERIS; M.S. Denison,
University of California / Department of Environmental Toxicology; B.
Deutschmann, RWTH Aachen University / Department of Ecosystem Analysis
ESA; K. Hilscherova, Masaryk University, Faculty of Science, RECETOX /
RECETOX; H. Hollert, RWTH Aachen University / Department of Ecosystem
Analysis; M. Krauss, Helmholtz centre for environmental research - UFZ / Effect
Directed Analysis; J. Novak, Masaryk University Faculty of Science RECETOX /
RECETOX; T. Schulze, Helmholtz centre for environmental research - UFZ /
EffectDirected Analysis; T. Seiler, RWTH Aachen University / Ecosystem
Analysis; H. Serra, INERIS; Y. Shao, RWTH Aachen University / Department of
Ecosystem Analysis ESA; B.I. Escher, Helmholtz Centre for Environmental
Research UFZ / Cell Toxicology

Surface water can contain a diverse range of organic micropollutants stemming
from a number of sources. Targeted chemical analysis alone is unable to detect all
micropollutants present and in vitro bioassays can be applied complementary to
assess the biological effects of complex environmental mixtures. The aim of this
study was to test the hypothesis that the in vitro effects in large human-impacted
rivers are primarily driven by the mixture effects of many chemicals, rather than
being dominated by a particular chemical. In this study a suite of bioassays
indicative of activation of the aryl hydrocarbon receptor (AhR), activation of the
pregnane X receptor (PXR), activation of the estrogen receptor (ER), adaptive
stress responses to oxidative stress (Nrf2), genotoxicity (p53) and inflammation
(NF-«B) and fish embryo toxicity were applied to large volume solid phase
extracted (LVSPE) samples from the Danube River. This was complemented with
targeted chemical analysis of 272 chemicals, with available effect concentrations
for the detected chemicals collected from the literature or the US EPA ToxCast
database. The contribution of detected chemicals to the in vitro effects was
assessed using the bioanalytical equivalent concentration (BEQ) concept.
Available effect concentrations for between 0 to 13 detected chemicals were found
for the different assays. Up to 80% of ER activation was explained by five
detected chemicals, with the hormone estrone and the phytoestrogen genistein
contributing significantly, while up to 71% of AhR activation could be explained
by three chemicals. In contrast, less than 0.2% of the effect was explained by the
detected chemicals for PXR activation, oxidative stress response, p53 response
and fish embryo toxicity. As a significant fraction of the effect could not be
explained by detected chemicals, this study emphasises the importance of
applying bioanalytical tools along with chemical analysis for water quality
monitoring. The study was limited by the availability of effect concentrations for
the detected chemicals and consequently further fingerprinting of water pollutants
is recommended.
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Comparison of approaches to assess the risk of micropollutants in Swiss
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streams impacted by treated wastewater

N. Munz, L. Melo, B. Spycher, U. Schonenberger, Eawag / Environmental
Chemistry; M. Reyes, F. Burdon, Eawag / Aquatic Ecology; D. De Zwart, RIVM /
Centre for Sustainability Environment and Health; M. Junghans, Ecotox Centre
Eawag-EPFL; H. Singer, C. Stamm, J. Hollender, Eawag / Environmental
Chemistry

Micropollutants can enter surface waters through various pathways of which
wastewater treatment plants (WWTP) and diffuse inputs from agricultural areas
play a major role. A multitude of substances are present at concentrations in the
ng/l-ug/l range, sometimes close to ecotoxicological relevant values which may
induce adverse effects on aquatic organisms. In this study we assess the influence
of the coverage of the chemical screening on the predicted risk using different risk
assessment approaches and compare it with the observed impact on
macroinvertebrates. Grab samples were taken upstream, downstream and at the
effluent of 24 different WWTP (12 in 2013 and 12 in 2014). Samples were
measured with liquid chromatography high resolution tandem mass spectrometry
after offline or online solid phase extraction. Data was analysed for 57 organic
micropollutants relevant for Swiss surface waters. For one time point of each
campaign an additional comprehensive target screening of over 400 substances
was conducted. Risk was assessed with two approaches: i) risk quotient (RQ)
approach based on environmental quality standards, and ii) multi-substance
potentially affected fraction (msPAF) predicting toxic pressure for aquatic
organisms. Comparison with macroinvertebrate data was conducted using the
SPEAR gicice index. The exposure patterns showed expected trends, with higher
concentrations downstream than upstream, especially for wastewater borne
substances. The chronic RQ of the substance selection was above 1 at more than
15% of the upstream and 95% of the downstream sites. In many cases 4 to 5
single substances explained 95% of the risk; mostly including diclofenac, diuron,
and often diazinon. The same substances were in many cases also the drivers of
the toxic pressure for the msPAF approach. The comparison between the extended
screening data set and the substance selection showed no clear difference using
the RQ approach, but increased clearly acute toxic pressure applying the msPAF
approach. However, acute toxic pressure remained in the low percentage range
(max. 2.3%). The SPEAR gicice index showed for all sites slightly lower values
downstream than upstream and correlated with the fraction of wastewater. The
findings indicate an influence of micropollutants discharged from WWTP on
aquatic macroinvertebrates. However, the prediction of risk can change
substantially depending on the coverage of the chemical data set and the risk
approach applied.
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Genotoxic and Ecological risks of river contamination for wild fish
populations

R. Santos, A. BESNARD, Centre d Ecologie Fonctionnelle et Evolutive /
Biogéographie et Ecologie des Vertébrés; S. BONY, INRA - CNRS / UMR
LEHNA USC INRA IGH ENTPE; W. SANCHEZ, Institut National de |
Environnement Industriel et des Risques / Unité décotoxicologie in vitro et in
vivo; A. DEVAUX, INRA-CNRS / UMR LEHNA USC INRA IGH ENTPE
Water pollution by a wide range of substances is considered as one of the main
threat to explain fish declines observed worldwide. To reach the good status of
European water bodies, the European Water Framework Directive requires the
monitoring of the chemical and ecological status of surface water bodies. In this
context, biomarkers are considered as complementary to chemical and ecological
analysis providing evidences of pollution driven biological defects at the
individual scale. In this purpose, the first objective of this workwas to assess a
battery of biomarkers on wild sticklebacks (Gasterosteus aculeatus). Furthermore,
as environmental managers need to know if biomarker responses to environmental
contamination are related to ecological risks for fish populations, the second
objective aims at studying the relationship between a genotoxicity biomarker
response in wild fish germ cells and reproductive impairment. Finally, an
integrative approach was investigated gathering three Lines of Evidence (LOE): i)
chemical analysis, ii) biomarker responses as early warning signals of
contamination impacting individuals and iii) the Fish Based Index as an indicator
of fish communities "health status" in French rivers to assess ecological risks for
fish populations. Mature male sticklebacks were sampled in sites under contrasted
chemical pressures to assess xenobiotic biotransformation, oxidative stress,
neurotoxicity and genotoxicity biomarkers. Fish testis were also removed to
collect spermatozoa, perform in vitro fertilization, assess the level of primary
DNA damage in sperm and subsequent progeny survival. Biomarker responses
showed correlations between genotoxicity, biotransformation and oxidative stress
biomarkers, and discriminate sites under urban pressures. In the contaminated
sites, significant lower probabilities of progeny survival were found compared to
the reference site as well as a correlation between the level of paternal DNA
damage in sperm and progeny survival, thus highlighting potential long-term
population defects. Finally, the three LOEs investigated together provide more
valuable information to assess ecological risks than using only individual LOE.
When chemical and ecological indexes did not draw a clear conclusion, the use of
biomarker analyses as the third LOE was relevant to make a diagnostic of the river
contamination and of biological impacts.
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Mixture risk assessment for surface waters: Comparative assessment of
current approaches for assessing the environmental risk in five Swiss
catchments

M. Junghans, Swiss Centre for Applied Ecotoxicology EAWAG - EPF / Ecotox
Centre; T. Doppler, Plattform Wasserqualitit VSA; I. Wittmer, Plattform
Wasserqualitit VSA, c/o Eawag; I. Werner, Swiss Centre for Applied
Ecotoxicology / Department of Anatomy Physiology and Cell Biology

On 01.01.2016 a new water protection ordinance enters into force in Switzerland.
In addition to introducing environmental quality standards (EQS) for single
substances it allows for the consideration of mixture toxicity in water quality
assessments as well as the initiation of measures if a surface water body is at risk
of being ecotoxicologically impaired by a mixture of substances. Such measures
can be taken even if no single substance EQS is exceeded. In the near future a
guidance document will be developed that provides simple but sound methods for
assessing the environmental risk of contaminant mixtures in surface waters. For
this purpose, the current methods for mixture risk assessment were compared
using data from a Swiss surface water monitoring study and chronic EQS
proposed for Switzerland. The RQgry predictions always turn out higher than the
simple sum of all individual RQ. Most likely, this is due to the extrapolation of the
chronic mixture RQ from acute mixture toxicity predictions by using an AF of
1000. The lowest mixture RQ resulted using a method based on similarity of
action (RQsame_moa)- Since mixture RQ were restricted to substances for which
concentration additivity had experimentally been shown, only three mixture RQ
groups were assessed: (i) photosystem II inhibitors (triazine and phenylurea
herbicides), (ii) inhibitors of very long chain fatty acids (chloroacetanailide
herbicides) and (iii) herbicides with auxin action (phenoxy acids). The RQgqs_raxa
method based on identifying the most sensitive trophic level(s) is likely to
overestimate the mixture risk if dominant substances have different target taxa
within the trophic level. However, the quantitative differences between the
methods become marginal, if not all substances present in the sample are analyzed
or detected. This was shown by taking passive sampling results for pyrethroids
into account, showing that the RQ can be two orders of magnitude higher. All
mixture RQ indicate that a risk assessment based on single RQ will understimate
the actual risk. However, the current methods for mixture risk predictions still
have some shortcomings. For regulatory purposes a combination between the
RQgame_moa and the RQgqs_taxa method seems to be promising. This may define the
range of the actual mixture risk. Furthermore, it is important to include highly
toxic compounds which are used in the watershed in any risk analysis.

244
Using prospective assessment to assess mixtures in municipal wastewater
effluents
J.M. Diamond, Tetra Tech, Inc.; J. Tolls, Henkel AG & Co. KGaA; J. Snape,
AstraZeneca UK Ltd. / AstraZeneca Global Environment; S.D. Dyer, The Procter
& Gamble Company / Environmental Stewardship and Sustainability
Organization

Municipal Waste Water treatment plants (WWTP) can be a source of “down the
drain” chemicals that are targeted by diverse regulatory agencies concerned with
potential environmental effects of these chemicals both independently and as
mixtures. For the prospective assessment, the chemical mixture is based on
domestic activities that are an important source of the chemical mixtures in
municipal wastewaters. Starting with activities associated with domestic
emissions of chemicals, we identified key products that are used and
representative chemicals of those uses. Chemicals were selected based on their
reported importance in ecological risk assessments and availability of loading and
effects information in Europe. We evaluated a scenario in which a WWTP
receives only domestic waste from a fairly small population in order to separate
domestic wastewater mixture effects from other influences (e.g., urban
stormwater). Chemical loadings to the WWTP were identified based on per capita
per day information. Removal rates for each contaminant were based on their
physicochemical and biodegradation properties, as well as 3 types of treatment
(trickling filter, activated sludge, and advanced oxidation), to determine predicted
effluent chemical concentrations (PECs). PECs were compared with predicted no
effect concentrations available from the literature. Concentration addition was
used to estimate the mixture risk for each scenario. Given activated sludge or
better treatment, very few of the representative chemicals individually presented a
risk to aquatic life even when PECs were increased over 10-fold. Given the
chemicals used in this analysis and a concentration addition approach, mixture
risk for the activated sludge treatment with or without the addition of advanced
oxidation was driven by very few chemicals: galaxolide, EE2, sulfomethoxazole,
and carbamezapin. These chemicals have different modes of action and when
evaluated using response addition indicated little or no mixture risk given this
analysis. Trickling filter treatment resulted in much greater potential for mixture
risk in our analyses. Scenarios such as those used here can provide testable
hypotheses for studies that include the use of biomonitoring or retrospective-based
mixture assessments.
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Predictability of the Aquatic Toxicity of Realistic Mixtures in Wastewater
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Effluents and Their Risk Assessment

A. Coors, ECT Oekotoxicologie GmbH; F. Sacher, DVGW-Technologiezentrum
Wasser; U. Kuehnen, Federal Environment Agency

The concept of Concentration Addition (CA) is widely accepted as a default
approach for predicting combined toxicity of mixtures of chemicals. However, it
can only be applied to mixtures of clearly defined components for their clearly
defined mass proportions in the mixture, which limits its applicability to a routine
risk assessment of highly complex and variable wastewater effluents. In order to
explore the relevance of a mixture assessment compared to a single-substance
assessment of residues in wastewater effluents, mixtures of up to ten substances
were assessed at two different concentration ratios, including the experimental
verification of their predicted toxicity in the absence and presence of wastewater
background. The mixtures were tested at an effect-based ratio and at an
exposure-based ratio that resembled a realistic mixture scenario. The toxicity of
the mixtures could be reasonably well predicted for chronic endpoints both in
green algae and in Daphnia magna. There was rather a slight tendency to
overestimate mixture toxicity by the CA concept than to underestimate it, which
demonstrates that the CA approach would be predictive for a mixture risk
assessment without being over-protective. The predictability of the mixture
toxicity was not influenced by wastewater effluents, i.e. by the presence of other
substances at very low concentrations. The presentation will also compare
preliminary risk assessments based on measured environmental concentrations
(MEC) and predicted environmental concentrations (PEC) and on chronic
endpoints of single substances as well as mixtures together with assessment
factors for each test organism. In addition, preliminary predicted no effect
concentrations (PNEC) will be derived for single substances and the mixtures, and
they will be compared to summed MEC and PEC, which will demonstrate the
difference for such mixture assessments conducted seperately for each trophic
level or across trophic levels.

Fate and Effects of Metals: Regulatory and Risk Assessment
Perspective
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Retrospective monitoring of butyltin in fish and mussels from German
marine and freshwaters

G. Radermacher, B. Knopf, Fraunhofer IME Institute for Molecular Biology and
Applied Ecology / Environmental Specimen Bank and Elemental Analysis; M.
Paulus, Trier University; J. Koschorreck, Umweltbundesamt; H. Ruedel,
Fraunhofer IME - Institute for Molecular Biology and Applied Ecology /
Environmental Monitoring

Tributyltin compounds (TBT) and their degradation products dibutyltin (DBT)
and monobutyltin (MBT) have been proven to have strong ecotoxicologically
effects on aquatic organisms (e.g. imposex of neogastropods, shell malformations
of mussels). Therefore, a ban of TBT-containing antifouling coatings for small
vessels under 25 m was imposed by the European Commission in 1989
(89/677/EWG) as a first measure. Since 1st January 2003, the usage and
distribution of antifouling preparations containing organotin compounds is
prohibited by the Commission Directive 2002/62/EG. Furthermore, in 2008 this
ban was extended to EU-foreign flagged vessels. A retrospective monitoring of
organotin compounds (including TBT, DBT and MBT) in archived freshwater and
marine biota samples from the German environmental specimen bank (ESB) has
been carried out earlier. The time series for butyltin concentrations in muscle
tissue of freshwater fish (bream, Abramis brama) and marine fish (eelpout,
Zoarces viviparus) as well as in marine mussels (Mytilus edulis) tissue were
extended from 2003 to 2011 and samples from 2012/2013 are under investigation.
The marine samples were collected from the North and the Baltic Seas, and the
freshwater samples from the German rivers Elbe, Danube, Rhine, Mulde, Saale,
Saar as well as from Lake Belau. After digestion, derivatization and extraction,
trace levels of organotin compounds in the pooled and homogenized biota samples
were analyzed by a validated sensitive SID-GC/ICP-MS method (species specific
isotope dilution - gas chromatography - inductively coupled plasma-mass
spectrometry). The results of this project allow answering the following questions:
1) Does the ban of organotin compounds as antifouling agent show positive
effects on the butyltin concentration in aquatic biota? 2) Are there any differences
in concentrations between the various sample sites and the various biota samples?
3) Are there any temporal trends in the concentrations of TBT, DBT and MBT?
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Determination of water quality criteria for uranium that account for
bioavailability in freshwaters

L. Fevrier, R. Gilbin, K. Beaugelin-Seiller, J. Garnier-Laplace, IRSN /
PRPENVSERIS

Uranium (U) is a chemo- and radio- toxic substance of concern for the aquatic
environment, with potential releases to freshwaters due to e.g., mining, processing
and waste disposal. In France, a ‘generic’ Predicted No Effect Concentration
(PNEC) for freshwater ecosystems has been set to 0.3 yg/L of dissolved U in the
water column in addition to the background, based on an exhaustive review of
available ecotoxicity data and the use of assessment factors. However, as many
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other metals, it is well known that U toxicity depends on its bioavailability which
is in turn mainly driven by its speciation. For such elements, the last European
guidance for deriving Environmental Quality Standards recommends now
explicitly to take into account their bioavailability. Therefore, we developed a
method based on theoretical simulation of U geochemical speciation in
freshwaters (VMinteq v3.0, considering U complexation with dissolved organic
matter and with alkaline earth and carbonate ions). Based on the assumption that
the bioavailable species of U were UO,*", UO,(OH)*, UO,(OH), and UO,COs, a
statistical regression tree analysis was performedto identify physico-chemical
domains representative of French freshwaters where different PNEC might apply.
Combining these first results to the available chronic U ecotoxicity data for each
physico-chemical domain identified allowed us to derive four PNEC values
(ranging from 0.3 to 30 pg/L) conditional to four physico-chemical domains that
differ by their alkalinity (cut-off at 75 mg HCOs/L), pH (cut-off at 7.5) and DOC
content (cut-off at 6 mg/L). These findings were formalised in a determination
tree. Further analyses were performed to evaluate the robustness of this tree and
its domain of applicability. These conditional PNEC values for freshwaters could
be used as a refined step in any ecological risk assessment for uranium. However,
their applicability in any monitoring programme would need some adaptation in
the monitoring practices: not only the dissolved fraction of uranium, but also the
influent physico-chemical parameters (pH, alkalinity, DOC) should be measured
together, with a sufficient accuracy and sensitivity.
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A new approach to diagnosing the ecological effects of metal-contaminated
sediment in natural systems

J.F. Murphy, Queen Mary University of London / School of Biological and
Chemical Sciences; J.I. Jones, QMUL / School of Biological and Chemical
Sciences; P. Rainbow, The Natural History Museum / Dept of Zoology; K.
Spencer, Queen Mary University of London / School of Geography; A.L. Collins,
Rothamsted Research, North Wyke; A. Moorhouse, the Coal Authority; V.
Aguilera, DEFRA; P. Edwards, Southern Illinois University Carbondale / Zoolog;
F. Parsonage, DEFRA; H. Potter, Environment Agency; P. Whitehouse,
Environment Agency / Evidence

Pollution from abandoned metal mines is a serious impediment to rivers meeting
the water quality targets set out by the EU Water Framework Directive. Recently,
there has been recognition that managing these risks requires approaches to setting
environmental guidelines that are based on a consistent definition of exposure in
systems where bioavailability may vary, thus allowing more robust and useful
ecological effect thresholds to be identified. We have used a new approach to
relate the levels of toxic metals in sediments affected by mining to ecological
damage based on bioavailability. The concept is to use widespread biomonitor
species as chemical probes for bioavailable metal, and to relate this measure of
metal stress to variation in invertebrate community composition (a
WEFD-compliant measure of ecological condition). This approach bridges two
established methodologies that are traditionally used independently
(community-level field observations and laboratory toxicology). We selected 99
river sites in England and Wales, across 20 spatially-independent, replicate river
catchments impacted by metal mining. Within each catchment, sites were located
upstream and downstream of abandoned mine facilities. At each site we sampled
the macroinvertebrate community, collected biomonitor specimens for metal
bioaccumulation analysis, and collected a fine sediment sample for metals content,
organic carbon and particle size analysis. Using multivariate ordination techniques
we then quantified the response of the macroinvertebrate community to variation
in metal bioavailability, having first taken into account the confounding effects of
other environmental factors. We identified the position of taxa across the gradient
metal bioavailability, providing the basis for a new diagnostic metric to metal
stress in rivers. The new metric was tested on an independent dataset drawn from
existing data sources. Our aim is to provide a WFD-compliant method for
detecting where contaminated sediments are causing ecological impacts.
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Ten years on: Soil screening values for ecological risk assessment in the UK
G. Merrington, wca consulting; E. Stutt, O. Tran, WCA Environment Limited; I.
Matin, Environment Agency England and Wales; D. Ashton, Environment
Agency

A presentation on the “Use of soil screening values for metals for ecological risk
assessment in England and Wales” was made at SETAC Europe in 2006. Since
then, both scientific knowledge and regulatory priorities have changed in the UK
in regards to soils and ecological protection. This presentation, 10 years on,
provides an outline of those key changes and demonstrates how the continued
practical and pragmatic application of complex scientific concepts can deliver
solutions to regulatory challenges that face many in Europe and across the globe.
The previous presentation focussed upon trace elements and in particular the
implementation of a bioavailability framework to derive soil screening values
(SSVs), to provide a generic screening tool to ‘rule out’ the further assessment of
potentially contaminated sites. Just 10 soil screening values (SSVs) for prioritised
chemicals were derived at the time. Regulatory priorities have now changed from
contaminated land, to assessment wastes destined for recovery to land. SSVs are
needed for many more and different chemicals that 10 years ago. However,
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through the use of new guidance, the ECHA dissemination portal and industry
collaborations SSVs have been devloped that utilise new data and research
findings. This presentation will show that the lag between scientific developments
and regulatory implmentation can be relatively short. Changing regulatory needs
can keep pace with scientific developments. \n
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Assessing the integrated terrestrial ecotoxicity of Cu and Ni species for life
cycle assessment (LCA)

A. Yadghar, CIRAIG - Ecole Polytechnique de Montréal / Chemical engineering
department; C. Bulle, CIRAIG - ESG - UQAM / Strategy corporate social
responsibility; L. Deschenes, Ecole Polytechnique de Montreal / Genie Chimique
Life cycle assessment (LCA) validity of metals toxicity can be significantly
affected by bioavailable metal fraction. The bioavailable fraction of Copper (Cu)
and Nickel (Ni) for world soil types are calculated using WHAM 7 geochemical
speciation model. Applicability of WHAM model for soils using their globally
available properties (texture, pH, cation exchange capacity, and organic matter
content) is examined and verified with soil field data and compared with an
empirical regression method. The results obtained from WHAM 7 show that the
model is able to calculate bioavailable fraction of Cu and Ni with uncertainties of
less than two and three orders of magnitude, respectively, for a wide range of soils
distributed globally. It is in better match with the experimental data in term of
absolute value than the empirical regression results. To address this variability,
518 archetypes and 13 groups of archetypes are created to show the global
distribution of obtained BF values. Moreover, BFs ranking was compared and the
soluble Cu and Ni Spearman rank correlation coefficients showed a significant
correlation between BFs obtained by WHAM and BFs calculated by the
regression method. The BFs included in the calculation of CFs for Cu and Ni have
been applied in terrestrial ecotoxicity and the level of regionalization required to
adequately represent the spatial variability of CF has been defined. The obtained
results from two different versions of the model (WHAM 6.0 and 7) were also
compared for Zinc (Zn) to see whether the updated database of the model may
change the results. This study validates using WHAM as a tool to study Cu and Ni
bioavailable factor in global soils since the results cover a considerable range of
world soils. This research will not only obtain regionalized CFs including Cu and
Ni speciation in terrestrial ecotoxicity directly applicable in the current LCA
methods, but also will show that it is possible to use geochemical models for large
scale speciation in soil. We applied WHAM 7 for Cu and Ni to determine the BFs
in soils to validate this approach with measured speciation data in term of absolute
value and ranking and to be sure our big effort of modelling with warm is worth it.
We showed it brings more appropriate answer than the regression method.
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Quantitative risk assessment of mercury contamination to ecosystem in a
mercury mining area

Y. Lin, Norwegian Institute for Water Research NIVA; G. Qiu, Institute of
Geochemistry Chinese Academy of Sciences; H. Braaten, Norwegian Institute for
Water Research NIVA; X. Feng, Institute of Geochemistry Chinese Academy of
Sciences; T. Larssen, Norwegian Institute for Water Research NIVA

Wanshan Mercury Mining Area (WMMA) which is located in Southwest China
has a long history of Hg exploration and smelting. Hg contamination has been a
serious local problem for both human and environment for decades. The risks of
Hg for human health have been reported in WMMA by several studies, and
dietary intake rather than inhalation has been identified as the main exposure
pathway for the local residents. However there has been less focus on the risk of
Hg contamination on the ecosystem. The scope of this study is therefore aimed at
quantifying the risk related to Hg pollution from an ecosystem perspective. The
endpoints of the assessment will be plants and biota rather human. This study aims
at developing a site specific index system to identify the risks of Hg
contamination on major biota species (rice, invertebrates and birds). The exposure
level in this study is determined by direct sampling and measurement of Hg
concentrations in different references species at WMMA (soil, rice, earthworm,
grasshopper, spider and bird samples were collected). Total Hg concentration is
selected as proxy for comparing the concentration levels. No adverse effect
concentration (NOAEL) is used as the risk assessment benchmark for the different
species. Risk quotients (RQ) are then derived based on comparing the Hg
concentrations in each species with benchmark values. Four levels of risk were
proposed based on RQ values: Level 1: Background. If all RQ values are smaller
than 1, and RQ are smaller than reference site, the species is then considered to be
living under a similar condition as in the background site. Level 2: Minimal risk.
If all the RQ values are smaller than 1, the species is then considered having
minimal risk. Level 3: Moderate risk. It is possible that RQ of tissue concentration
is smaller than 1, but RQ of diet is bigger than 1. This indicates that the species is
having a risky diet, while tissue concentration has not reached risky level. Level 4:
High risk. If RQ based on tissue concentration is greater than 1, it can be
confirmed that the species is at risk. The plan for remediation at WMMA is under
development with local authority, the outcome from the risk assessment will then
supply important basis for the remediation method development, and possible
measures to reduce the risk will be then proposed based on the results.
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Higher tier tests in the risk assessment of plant protection
products (1)
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An SSD-based investigation of the relative sensitivity of Daphnia magna -
Implications for risk assessment

M. Gustavsson, University of Gothenburg; T. Backhaus, University of
Gothenburg / Department of Biological and Environmental Sciences

The species sensitivity distribution can be used to quantify the spread in
sensitivity between different organisms. A large width of a distribution implies
that there is a large difference between the most and the least sensitive species
tested. Currently approximately 30% of the PNEC’s from the single substances
registered under REACH can be traced back to Daphnia magna. In order to
determine whether the current risk assessment practice is protective, we compared
the sensitivity of Daphnia magna to the sensitivity of other aquatic invertebrates.
Ecotoxicity data were initially collected from the US EPA database ECOTOX.
The data was thereafter filtered and only those compounds that contained acute
toxicity data (1-7 days) from laboratory studies performed on aquatic invertebrates
were kept. Finally the species sensitivity distributions were fitted using the R
package “drc” for all compounds where 8 or more species had been tested. In total
157 species sensitivity distributions could be generated. The results show that the
sensitivity of Daphnia magna, in relation to other tested aquatic invertebrates,
varied randomly. The median factor between the most and the least sensitive
aquatic invertebrate for each individual compound is estimated to be around 1300.
The species sensitivity distribution for three specific compounds show that 2.3%
(Temephos), 46.4% (Toluene) and 93.75% (Endosulfan) of all aquatic
invertebrates are assumed to be more sensitive than Daphnia magna. The
difference between the relative sensitivity of Daphnia magna for these three
compounds demonstrates the necessity in comparing the available species
sensitivity distributions to the currently used assessment factors within chemical
risk assessment.The presentation will provide further details on the spread of the
species sensitivity distributions and the distribution of sensitivity steepnesses over
all the tested chemicals will be analysed.
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EFSA Scientific Opinion on the effect assessment for pesticides on sediment
organisms in edge-of-field surface waters

S. Duquesne, UBA, Federal Environment agency; A. Aagaard, Pesticides Division
/ Danish EPA; T. Brock, Alterra, Wageningen University and Research Centre /
Environmental Risk Assessment Team; B. van Hattum, Institute for
Environmental Studies, VU University, de Boelelaan; M. Klein, Fraunhofer IME;
1. Sundh, Swedish University of Agricultural Sciences (SLU), Department of
Microbiology, Uppsala; R. Sharp, EFSA - European Food Safety Authority /
Pesticides Unit; M. Egsmose, EFSA

Some aspects, proposals and/or recommendations described in the EFSA scientific
opinion on the effect assessment for pesticides on sediment organisms in edge-of
field surface water are presented here. They include elements of exposure as well
as effect assessments since the ERA is a combination of both. The issues
highlighted here are the following: Triggers for sediment ecotoxicity testing and a
decision scheme based on a tiered effect assessment approach for different types
of organisms; How to link regulatory acceptable concentrations (RACs) to
predicted environmental concentration (PECs), using the ecotoxicologically
relevant concentrations (ERCs) concept that is influenced by the choice of
sediment layer depth, exposure metric and test duration; Methodology for
introducing an accumulation factor to account in a conservative way for effects of
multi-year applications; Assessment of impacts of bioaccumulation,
biomagnification and secondary poisoning; Issues related to uncertainties of the
current and/or proposed ERA approaches. The specific protection goals (SPGs)
for sediment-inhabiting organisms are based, as for the aquatic organisms in edge
of field waters, on two options, i.e. (1) the ecological threshold option (ETO),
accepting negligible population effects only, and (2) the ecological recovery
option (ERO), accepting some population-level effects if ecological recovery
takes place within an acceptable time period. For several reasons, for the time
being it is suggested that the ETO is the best option to provide adequate protection
of benthic organisms.
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Effects of sediment-spiked lufenuron on benthic macroinvertebrates in
single-species tests and outdoor microcosms

T. Brock, Alterra, Wageningen University and Research Centre / Environmental
Risk Assessment Team; D. Bas, L. Bibbe, University of Amsterdam / Institute for
Biodiversity and Ecosystem Dynamics IBED; D. Belgers, M. Boerwinkel, Alterra,
Wageninen UR / ERA team; S. Crum, Alterra Wageningen UR / ERA team; N.
Diepens, Wageningen University; M. Kraak, M. Schoorl, A. Vonk, University of
Amsterdam / Institute for Biodiversity and Ecosystem Dynamics IBED; I.
Roessink, Alterra / ERA team

Sediment ecotoxicity studies were conducted with lufenuron, a hydrophobic
benzoyl urea insecticide. The studies aimed to compare the
concentration-response relationships for macroinvertebrates observed in an
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outdoor sediment-spiked microcosm experiment and those of 28-d
sediment-spiked single-species toxicity tests with Chironomus riparius, Hyalella
azteca and Lumbriculus variegatus. Twelve weeks after the construction of the
microcosms mean measured exposure concentrations in the sediment were on
average 87.7% measured initially. Treatment-related effects of sediment-spiked
lufenuron in the microcosm experiment were observed for populations of insects
and macrocrustaceans (lowest NOEC for benthic insects 0.8 pg a.s./g OC and for
benthic crustaceans 8.5 pg a.s./g OC). Treatment-related increases in abundance
(indirect effects) were observed for benthic oligochaete worms (lowest NOEC of
0.8 pg a.s/g OC). The 28-d sediment-spiked laboratory toxicity tests resulted in
EC)o values of 0.49 pg a.s./g OC for C. riparius, 1.20 pg a.s./g OC for H. azteca
and 211 pg a.s./g OC for L. variegatus. These data also explain why oligochaete
worms did not suffer pronounced toxic effects in the microcosm experiment, but
could increase in abundance due to the decline of sensitive benthic arthropod
populations (release of competition). The chronic laboratory toxicity data
mentioned above illustrate that the tier-1 effect assessment approach proposed by
EFSA for benthic organisms and sediment-bound insecticides, using the lowest
chronic ECy value for the combination C. riparius and H. azteca and an
assessment factor of 10, is protective for the insecticide lufenuron and the
responses observed in the sediment-spiked microcosm test.
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Applying the MDD concept to terrestrial NTA studies

F.M. Bakker, Mitox Consultants; S. Aldershof, bioresearch and evualuation
Natural terrestrial ecosystems such as meadows adjacent to cropped fields may be
exposed to spray drift. The arthropod fauna of such ecosystems is generally
abundant and species rich and comprises a broad array of eco(toxico)logical
profiles. There are no models or model systems sufficiently fit to adequately
predict the potential effect of exposure on the functioning of these ecosystems. For
this reason experimental tests are performed, generally in natural ecosystems
without prior manipulation. Because the arthropod fauna in such systems varies
between locations and years there is a need to evaluate whether a selected site is
appropriate for the purpose of the experiment, i.e. to derive regulatory acceptable
exposure levels. This can only be done a posteriori. We apply the MDD concept
derived by Brock et al. (2015)[1] for aquatic micro-/mesocosm studies to natural
(i.e. unbounded) terrestrial off field systems as described in DeJong et al.[2].
Typically these experimental systems follow a replicated (n=4) plot design, with
30x30 m plots and multiple sampling methods over a period of 8 weeks following
a single application event. A large number of arthropod taxa (800-1000) is
assessed and typically at least 80-100 are sufficiently abundant for statistical
hypothesis testing. As a consequence of inherent parametric constraints we use
non-parametric tests for these analyses. Our primary objective is to test whether
the criteria in the aquatic scheme can be applied to derive regulatory acceptable
exposure levels for terrestrial systems as well. We use the decision scheme in
Brock et al. (2015) to data obtained in a large number of off-field studies. MDD’s
were calculated using the technique provided by Van der Hoeven (2008)[3].
Potentially sensitive taxa were defined using empirical criteria, in particular
whether a specific or related taxon was consistently affected by the reference
treatment in different studies. Ecologically vulnerable taxa were defined similarly
as taxa consistently affected by the reference item for four or more weeks in
different studies. [1] T.C.M. Brock; M. Hammers-Wirtz; U. Hommen;T. G.
Preuss; H-T. Ratte; I. Roessink; T. Strauss; P.J. Van den Brink. Environ Sci Pollut
Res (2015) 22:1160-1174. [2] F.M.W. de Jong; F.M. Bakker; K.Brown; C.J.T.J.
Jilesen; C.J.A .M. Posthuma-Doodeman; C.E. Smit; J.J.M. van der Steen; GM.A.
van Eekelen. 2010 ISBN/EAN: 978-90-6960-245-5 [3] Van der Hoeven, N. 2008.
Ecotoxicol . Environ.Saf. 70:61-66
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Development of suitable experimental designs for semi-field trials with
solitary bees

V. Kondagala, University of Koblenz-Landau / Institute for Environmental
Sciences; M. Candolfi, Eurofins Agroscience Services Ecotox GmbH; T. Jiitte, O.
Klein, S. Knaebe, Eurofins Agroscience Services Ecotox GmbH / Ecotoxicology
Field; T. Vollmer, Eurofins Agroscience Services Ecotox GmbH / Field
Ecotoxicology

The publication of the proposed EFSA risk assessment of plant protection
products for pollinators led to an increasing demand for experiments with
non-Apis pollinators. However, no official guideline for the standardized
semi-field trials exists so far. To overcome this lack of guidance, a semi field
study was performed to continue our research and increase the knowledge about
suitable test designs and the handling of the test organisms. The aim of this study
was to implement a test system for trials under semi-field conditions with solitary
wild bees. In the study the potential effects of exposure of bees and their brood to
test item treated and untreated plants and the statistical evidence of validity were
the focal points. During the exposure and after end of the exposure all relevant
parameters were recorded. The test design is in accordance with a proposal from
the ICPPR non- Apis working group. The semi-field study with the red mason bee
Osmia bicornis (Hymenoptera, Megachilidae) was conducted in winter oilseed
rape with 6 replicate tunnels per treatment group and contained a water treated
control as well as two reference treatments applied with 100 g a.i./ha and 350 g
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a.i./ha dimethoate. The following end points were observed in the study: nest
occupation by female individuals, flight activity, reproduction capacity by means
of produced cells and cocoons and brood termination rate. Hatching success was
also recorded to assess the viability of the used test specimens. The first results
show clearly the possibility to perform semi-field studies with the red mason bee
Osmia bicornis in winter oilseed rape. Dimethoate can be used as a toxic reference
to show acute effects on adult wild bees. The endpoints chosen were useful for a
study design and the variability was low with regard to the observed effects. The
two rates of dimethoate tested showed already the maximum effect so that
dimethoate can be used as a toxic reference in semi-field studies at the lower rate.
Furthermore the statistical analysis showed that the test design is valid and
repeatable.
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Experimental design for semi-field trials to test brood affecting plant
protection products with solitary bees

S. Knaebe, Eurofins Agroscience Services Ecotox GmbH / Ecotoxicology Field;
M. Candolfi, Eurofins Agroscience Services Ecotox GmbH; L. Franke, J. Fricke,
T. Jiitte, O. Klein, A. Schuster, Eurofins Agroscience Services Ecotox GmbH /
Ecotoxicology Field; T. Vollmer, Eurofins Agroscience Services Ecotox GmbH /
Field Ecotoxicology

The newly proposed EFSA risk assessment of plant protection products for
pollinators includes for the first time not only honey bees as test organisms but
also non-Apis pollinators. However, there is no official guideline for standardized
semi-field trials. To support a tiered risk assessment a semi-field study design was
developed and performed in 2015 based on available publications and advices
from an ICPPR workshop. The results of these studies make it possible to improve
future designs and recommendations for the handling of the test organism can be
given. The objective of this study was to develop a semi-field test design for plant
protection products affecting brood of solitary wild bees. In the study the potential
effects of exposure of adult bees and their brood to an insect growth regulator
were examined. After the end of exposure the development of the progeny was
followed until the following spring and the reproduction success was evaluated as
an endpoint. The semi-field brood trial with the red mason bee Osmia bicornis
(Hymenoptera, Megachilidae) was conducted in a Phacelia crop. The test design
included a water treated control and two treatment groups. Each treatment group
was replicated with 4 tunnels. The exposure period started at the beginning of July
2015. The treatment applied was fenoxycarb, an insect growth regulator also used
as a reference substance in honey bee brood studies. Two rates were tested
with150 g a.i/ha (T1) and 350 g a.i./ha (T2). The following endpoints were
observed in the study: to evaluate sub-lethal effects on adult bees, the nest
occupation of females and the flight activity was documented. I order to evaluate
brood effects, the cell production, the cocoon production and the brood
termination rate were assessed. To ensure equal starting conditions in all treatment
groups the hatching success was recorded. The first results show, that it is possible
to perform a semi-field brood study with the red mason bee Osmia bicornis in
Phacelia. The bees can be stored until June and hatched specimens are still viable
and fertile. Fenoxycarb can be used to introduce brood termination in eggs and
larvae of red mason bees. The endpoints chosen are useful to evaluate effects on
reproductive success and the variability between replicates was low. The lower
rate of fenoxycarb showed already the maximum effect so that fenoxycarb can be
used as a toxic reference in semi-field studies.

Methodological challenges for LCA of agricultural supply
chains producing food, fibre and bioenergy
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Comprehensive assessment of fruits and vegetables human health effects in a
LCA context

K. Stylianou, University of Michigan - School of Public Health / Environmental
Health Sciences; O. Jolliet, University of Michigan; P. Fantke, Technical
University of Denmark / Quantitative Sustainability Assessment Division
Purpose: Nutritional effects from the ‘use stage’ of food items life cycle can have
a substantial effect on human health; yet, they are often not considered in life
cycle assessment (LCA). In our study we explore the case of increased fruit and
vegetable consumption, a healthy dietary option — that could result in higher
exposures to a wide variety of pesticides — and investigate the trade-offs between
associated environmental and nutritional health effects. Methods: We employ the
Combined Nutritional and Environmental Life Cycle Assessment (CONE-LCA)
framework that evaluates and compares in parallel the environmental and
nutritional effects of foods expressed in Disability Adjusted Life Years (DALYs).
For the environmental health assessment we consider impact categories such as
global warming and particulate matter (PM) as well as chemical exposure due to
pesticide residues. Global warming and PM are assessed following a traditional
LCA approach. For the pesticide residue exposure, we use publically available
health impact scores derived from toxicological studies of numerous pesticide
active ingredients. For the nutritional assessment we focus on the various health
outcomes considered in the global burden of disease that are based on
epidemiological studies. Results and discussion: Adding one serving of fruits or
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vegetables to the current average diet in Europe may lead to substantial nutritional
health benefits. These nutritional benefits are slightly increased when we consider
substitution scenarios in which the substituted food items are associated with
negative health effects, such as red meat and trans-fat. Overall environmental
health impacts associated with this addition are substantially smaller compared to
nutritional benefits in each scenario, even when considering an uncertainty factor
of 400 for the impacts of pesticide residues. Conclusion: The present study
illustrates the importance of considering nutritional effects of food items in LCA.
Our preliminary results suggest that nutritional health effects of food items can be
substantial and comparable to environmental impacts, especially for nutritional
foods such as fruits and vegetables. This approach could be used for making
recommendations about sustainable diets and food choices.
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Pesticides' impacts of bananas from different regions

T. Ponsioen, PRe Consultants / Consultancy; L. Golsteijn, M. Goedkoop, PRe
Consultants; H. van der Waal, AgroFair Benelux bv

Most bananas sold in Europe nowadays have some sort of sustainability label.
Consumers and supermarkets therefore may have the idea that the labelled
bananas are produced in a sustainable way. Sustainability covers many social and
environmental themes and several of these are addressed by the labels only to a
certain extent. However, large amounts of pesticides are still used in conventional
banana production, resulting in potential human health and ecosystem impacts.
Using no xenobiotic pesticides at all as is the case for organic bananas is not an
option for the large scale, because it needs very specific climatic and logistic
conditions. Different climatic, soil conditions and production practices between
farms result in large differences in the pesticide impact of bananas. In this study,
the toxicity-related impacts of pesticides applied in banana production were
calculated with the consensus model USEtox version 2.0 for three case studies: an
organic farm in Peru, smallholder farms in Ecuador, and a conventional plantation
in Panama. The resulting toxicity-related pesticide footprints show that the use of
large quantities of myclobutanyl, chlorpyrifos and mancozeb in Panama case have
the highest contribution to the human health impact profile. The use of
azoxystrobin and mancozeb in this case shows the largest share on the impact
profile for organisms in freshwater ecosystems. The footprint of the pesticides
used in banana production from the Panama case is about 20 to 30 times larger
than in the Ecuadorian case. In a sensitivity analysis, in each case, regionally
specific landscape parameters were used to calculate specific factors for each of
the pesticides used. This increased the score of the Panama case by about 300%,
while the score of the Ecuador case did not change significantly. Default values
for these parameters are provided by USEtox for several regions, among which for
a region covering Central America and one covering Peru and southern Ecuador.
Calculations with an alternative impact assessment model (USES-LCA) generally
confirms the results with USEtox, but shows that the impact on terrestrial and
marine ecosystems, which are not included in USEtox, can be significant.
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Towards a consensual method to assess climate change impacts from
bio-based systems

A. Benoist, CIRAD; C. Cornillier, FCBA

This study focused on climate change impact assessments of systems involving
compartments of the biogenic carbon cycle, addressing the issue of assessing the
actual impacts of biogenic carbon emissions and of variations in carbon stocks. A
critical review was carried out on seven different characterisation models dealing
with these environmental mechanisms, including five methods dealing with
GreenHouse Gas (GHG) emissions - conventional Global Warming Potentials
(GWP) from IPCC according to a carbon neutrality approach or to a full
accounting approach, time-adjusted GWP, biogenic GWP and biogenic
accounting factors - and two methods dealing with land occupation and/or
transformation - ILCD / IPCC recommendation to account for carbon stock
changes from land transformation and Miiller-Wenk proposal adopted in the land
use framework. These models were rated over eight criteria divided into four
categories: completeness in terms of environmental mechanisms covered,
scientific soundness, genericity, and easiness of use. Results showed that the
currently recommended methods are conventional GWP according to a full
accounting approach for the assessment of greenhouse gas emissions, and the
ILCD / IPCC recommendation to account for carbon stock changes from land
transformation. However, despite their good international acceptance, these
methods fail to take into account the dynamic nature of the biogenic carbon cycle
and new methods have then been developed for this purpose. These methods
present many gaps but two were identified as promising characterisation models:
time-adjusted GWP and Miiller-Wenk proposal. Finally, a new method that
benefits from the advantages of these two last methods is proposed. This method
relies on the land use framework related to carbon sequestration potential with the
time-adjusted GWP embedded to better reflect the dynamics and reversibility of
the biogenic carbon cycle. It is compatible with full accounting approach for GHG
emissions and temporary carbon storage valuation. It also remains sufficiently
practicable.
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Which functional unit to assess environmental impacts of dairy system
intensification?

T.SALOU, INRA, UMR SAS / UMR SAS UMR SMART; C. Le Mouél, INRA
Agrocampus Ouest/ UMR SMART; H. van der Werf, INRA, UMR SAS /
Environnement etAgronomie

Intensification of milk production, defined as increased production per hectare
(ha) of land, invariably leads to increased impacts per ha, but its impacts per kg of
milk are less clear. The aim of this study was to assess a range of environmental
impacts of contrasting dairy systems that represent a wide diversity of
management practices and intensification levels. We used the concept of the
Technological Management Route (TMR), i.e. a logical set of technical options
designed by farmers, to compare seven systems representing the diversity of milk
production systems in France and a range of intensification levels. Life Cycle
Assessment was used to estimate impacts of these systems using two functional
units (FU): t of milk and ha of total (on- and off-farm) land occupied. With the
area-based FU, we are looking for low-impact land-use systems. From this
perspective, the organic and highland systems were most promising. With the
mass-based FU, we consider productivity and impacts. From this perspective, a
maize-silage based system seemed most promising, as it ranked lowest or
second-lowest for six out of seven impacts. Dairy system intensification had three
effects: i) all impacts increased per ha of land occupied, ii) eutrophication and
land competition decreased per t of milk produced, and iii) other impacts changed
little per t of milk produced. In other words, depending on the FU, the perceived
environmental impacts of dairy system intensification differed radically. A
mass-based FU is by far the dominant FU, and, in studies that go beyond the farm
gate, the only FU used. Thus, current LCA practice is largely blind to
environmental impacts of dairy system intensification, as it tends to ignore the
environmental impacts of intensification revealed by the area-based FU. This is a
sobering observation with paradoxical consequences, as this “blind spot” of
current LCA practice may well tend to bias decision making in favour of intensive
systems, which have high impacts per ha of land occupied. LCA-based decision
making might thus increase the prevalence of intensive systems, which could
increase overall impacts of the agricultural sector. Reconciling environmental
impacts and productivity is difficult. Using only a mass-based FU, does not
provide a balanced view of the impacts of intensification and could mislead
decision makers in identifying promising dairy systems. We recommend the use
of both mass-based and area-based FUs in LCAs of agricultural goods.
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Environmental Impact of food consumption in EU

B. Notarnicola, G. Tassielli, P.A. Renzulli, University of Bari / Ionian Department
of Law Economics and Environment; V. Castellani, European. Commission -
Joint Research Centre / Institute for Environment and Sustainability; S. Sala,
European Commission - Joint Research Centre / Sustainability Assessment unit
In order to comprehensively assess the impact of food consumption at EU level, a
detailed product based LCA from ‘cradle to grave’, has been conducted aiming at:
i) identifying the most representative food and beverage products consumed in the
EU-27 via a statistical analysis of food consumption, selecting 2010 as reference
year, ii) evaluating, via an LCA, the life cycle environmental impact of the
average food consumption of an EU-27 citizen in one year following the ILCD
recommendations for impact assessment, iii) developing a strategy for using the
BoP food as baseline scenario for testing ecoinnovation options for impact
reduction. The methodology developed for assessing the impacts of food
consumption in EU, based on a basket of food products, includes the following
steps: 1) Quantitative and qualitative analysis of the structure of the EU
consumption category of nutrition — during the years 2000-2010 — including
international trade and selection of a basket of representative products for the
consumption category of nutrition for the year 2010. 2) Collection and
development of process-based LCIs for the selected representative products. 3)
Calculation of the environmental impact results, based on the results of the
previous steps. 4) Quantitative and qualitative analysis of the environmental
impacts of the selected nutrition basket, with conclusions and recommendations
for the future. The overall results indicate that in the majority of the impact
categories the most burdening consumed foods are meat products and dairy
products. The agricultural phase is the most impacting lifecycle stage of the basket
food, due to the contribution of agronomic and zoo-technical activities. Food
processing and logistics follow in importance, due to their energy intensity and the
related emissions to atmosphere, occurring during the production of heat, steam
and electricity and during transport. Regarding the end of life, human excretion
and wastewater treatments are posing burdens related to euthrophying substances.
The impact assessment results of this study could be used as a means to provide
an index for monitoring and analysis, in order to evaluate the effect of possible
improvements within the life cycle stages and the different supply chains. A
further step of the analysis should be to develop scenarios of eco-innovation and
behavioural changes to test their effect at the EU scale and to prioritize their
implementation.

Persistent and mobile contaminants in the aquatic
environment: how to identify, analyse and regulate a
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potential threat for drinking water resources (l)
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Identification, analysis, removal and regulation of persistent and mobile
organic chemicals in the drinking water cycle - The approach of the EU
project PROMOTE

U. Berger, Helmholtz centre for environmental research - UFZ / Analytical
Chemistry; H.P. Arp, Norwegian Geotechnical Institute; P. de Voogt, University
of Amsterdam / IBED; H. Gallard, IC2MP UMR 7285 CNRS - University of
Poitiers; T.P. Knepper, Hochschule Fresenius, University of Applied Sciences; M.
Neumann, Federal Environment Agency (UBA) / Section IV Chemicals; J.
Quintana, University of Santiago de Compostela; T. Reemtsma, Helmholtz Centre
for Environmental Research

Surface water and groundwater are the two major sources for drinking water in
Europe. Their chemical quality may be affected by human activities, among them
the release of chemicals that we are producing and using. If these chemicals are
poorly degradable (persistent) and polar (i.e., mobile in the aquatic environment),
or if they are transformed into poorly degradable and polar compounds, then these
chemicals may specifically be of concern with respect to contamination of water
used for drinking water production and, eventually, for the quality of drinking
water itself. We denote such compounds persistent mobile organic chemicals
(PMOC). PMOC are generally substances of low molecular weight with a high
portion of heteroatoms. They may even be ionic at neutral pH. These properties
make PMOC extremely challenging to analyze, because they hamper enrichment
from water as well as chromatography. Consequently, knowledge on the
occurrence of PMOC in aquatic compartments (including source waters used for
drinking water production) is very limited. It is thus questionable whether
sufficient protection of drinking water resources with respect to PMOC is in place.
PROMOTE (PROtecting water resources from MObile TracE chemicals) is a
recently launched research project under the European Union Joint Programming
Initiative “Water Challenges for a Changing World” (Water JPI). PROMOTE
focuses on PMOC in environmental water cycles and in drinking water
production. The objectives are to close the significant knowledge gaps with
respect to (a) identification and prioritization of the PMOC of highest concern, (b)
trace analytical methods for screening and quantitative determination of PMOC in
water, (c) occurrence and levels of PMOC in groundwater and surface water, (d)
environmental emissions and (e) clean-up strategies or transformation of PMOC
in the drinking water production. Based on the expected results, PROMOTE
strives to develop recommendations with respect to chemical regulation (REACH)
and water quality monitoring (WFD watch list).
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Ranking REACH registered chemicals for Persistency and Mobility: Neutral,
Ionizable and Ionic Compounds

H. Arp, NGI/ Environmental Engineering; S. Hale, NGI; T.N. Brown, TNB
Research / Department of Chemistry

Herein we present a novel set of tools to identify which of the REACH registered
compounds are most likely to be persistent, mobile organic compounds (PMOCs),
and thereby capable of rapid and sustained distrubution in the environment and
drinking water supplies. The REACH list was chosen not only because it provides
an overview of which chemicals are currenlty in production, but their dossiers can
contain experimental data related to mobility and persistency. We therefore
conducted a literature search of these REACH dossiers as well as the
peer-reviewed literature, and employed a sweet of quantitativ structure-activity
relationships (QSARs) to assemble persisitency and mobility parameters. As many
ionic compounds could not be handled by commercial QSARs, and only few had
experimental data available, we developed simple QSARSs that gave broad
estimations on the likelyhood of persistency and mobility. Further, hydrolysis
products were also assessed for the likelyhood of being a PMOC. These data and
tools can be used to identify previously undetected drinking water contaminants,
or for preventing them from occuring.
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Screening of polar chemicals in water by liquid chromatography-high
resolution mass spectrometry employing mixed-mode columns

R. Montes, University of Santiago de Compostela / IIAA Institute for Food
Analysis and Research; J. Aguirre, X. Vidal, R. Rodil, R. Cela, J. Quintana,
University of Santiago de Compostela

The popularization of liquid chromatography coupled to high resolution mass
spectrometry (LC-HRMS) has permitted the exploitation of its high mass accuracy
and resolution capacities for screening of a large set of organic pollutants without
the need of having pure standards and chemical-classes targeted methods. To date,
most LC-HRMS screening methods rely on reversed-phase LC (RPLC), which is
quite limited for the detection of very polar chemicals. Hence, many very polar
(organic) chemicals may have not been recognized as water pollutants of concern,
yet, because the analytical methods developed so far are unable to detect them.
However, these polar pollutants are highly mobile in the water cycle and can
spread and even reach drinking water, if they are persistent, i.e. “persistent mobile
organic pollutants” (PMOC). In this context, the research project PROMOTE
(http://www.promote-water.eu/), funded by the Water JPI, aims to improve the
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knowledge on these PMOC in the water cycle, including improving analytical
methods. Thus, the goal of this study was to improve the analytical detectability of
PMOC by using mixed-mode LC (MMLC) combined to HRMS, for screening
purposes. MMLC provides the combination of RP and ion-exchange
functionalities, which allows the simultaneous determination of analytes with
extremely different properties (i.e. ionic, basic, acidic and neutral), so it is a
promising technology for analyzing very polar chemicals. To reach this objective,
a group of over 40 very polar model chemicals with different acid/base
functionalities was employed for exploring the retention behavior and then a
suspect screening approach was employed for detecting PMOC in different water
samples, with several commercial and non-commercial accurate mass libraries.
Some of the detected chemicals include well-known PMOC, as acesulfame,
perfluorobutanoic acid, trichloropropyl phosphate or metformin, and some newly
detected PMOC. Acknowledgements - This work is financed by MINECO
(JPIW2013-117), in the frame of the collaborative international consortium
(WATERJPI2013-PROMOTE) of the Water Challenges for a Changing World
Joint Programming Initiative (Water JPI) Pilot Call. We also acknowledge the
support of Xunta de Galicia (“Consolidacion” funds) and FEDER.
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Identification of persistent and mobile contaminants impacting raw and
drinking waters

D. Zahn; T. Fromel, T.P. Knepper, Hochschule Fresenius, University of Applied
Sciences

Highly polar organic substances may be able to penetrate natural and artificial
barriers and are thus mobile in the water cycle. If these mobile organic
contaminants (MOC) are persistent (PMOC) against microbiological and chemical
degradation, their removal during waste water treatment and drinking water
purification may prove difficult. When these substances are present in high
concentrations, toxic or undergo toxication, problems for the aquatic environment
and human health may arise. As a consequence of the lack of established
analytical methods for MOC, only limited information about their occurrence and
origin is available, which severely exacerbates the sophisticated monitoring and
effective regulation of PMOC and their precursors. To identify potential PMOC,
and thus begin to close this gap in knowledge we analysed 20 water samples form
five European countries, including WWTP effluents, surface waters, ground
waters and drinking waters. Two independent pre-treatment methods were
deployed to ensure a broad coverage of potential PMOC for a subsequent
HILIC-HRMS non-target screening. As sample pre-treatment methods
evaporation and reconstitution and an SPE method utilizing WAX, WCX and
GCB materials in one cartridge were performed. Thus the pre-concentration of the
samples and the solvent exchange necessary for the sensitive analysis of water
samples with HILIC-HRMS were achieved. Detected substances were prioritized
based on their signal intensities and frequency of detection, whereby substances
detected in drinking water were given the highest priority. To identify high
priority substances, their fragmentation behaviour was investigated and H/D
exchange was performed to further facilitate identification. Once a tentative
identification was achieved, the fragmentation pattern as well as the retention time
were compared with a reference substance, if available. If the comparison of
fragmentation patterns was inconclusive or the fragmentation of a substance
yielded only few or very common fragments, the retention times of the analyte
and the reference substance were compared on a second column with a
complementary selectivity to increase the confidence level of identification.

267

Pyrazole, a polar new emerging industrial contaminant

E. Emke, A. Kolkman, D. Vughs, KWR Watercycle Research Institute; K.A.
Baken, KWR Watercycle Research Institute / CWG; P. Bauerlein, KWR
Watercycle Research Institute / Analytical and Environmental Chemistry; A. van
Wezel, KWR Watercycle Research Institute / Chemical Water Quality and Health;
P. de Voogt, University of Amsterdam / IBED

In the Netherlands around 40% of the drinking water originates from surface
water taken mainly from the river Rhine and Meuse. Therefore several early
warning monitoring stations safeguard the quality of water taken in by an array of
sensors, daphnia, algae, mussels and instrumental techniques like automated
HPLC Diode Array Detection (DAD). The different monitoring stations employ a
common best practice protocol HPLC-DAD screening, the so-called UV
fingerprint screening which is performed daily. A uniform interchangeable
UV-spectrum database helps to identify unknowns without the need for a
standard. Known and unknown compounds are followed by using their retention
time index, their UV spectrum, and internal standard equivalents. This summer a
daphnia sensor and the mussel monitor were triggered in the river Meuse. A
sample was measured by the UV fingerprint screening showing a large broad peak
emerging with a relative short retention index (7.62) indicating a contaminant with
a highly polar nature not present in the UV database. This resulted in a closedown
of the water intake for the production of drinking water. The aim of this study was
to identify this new emerging compound by hyphenating the HPLC-DAD to the
LTQ-FT-Orbitrap-MS. Non-target screening LCMS is most often employing
electro spray ionization (ESI) as an interface but the unknown compound could
not be targeted by ESI and hence the switch was made to atmospheric chemical
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ionisation interface (APCI). This resulted in a clear intense corresponding signal
(34 fold higher in counts than HESI) in the mass spectrometer corresponding with
the exact retention time on the HPLC-DAD, but no fragmentation was observed.
The structural formula was found to be C3HsN, and two possible suspects were
selected based on structure and log K, namely imidazole and pyrazole. The latter
was a perfect match and through establishing a calibration curve the concentration
in the alarm sample was found to be ~100p g/1. Pyrazole is widely used as an
starting product for the synthesis of pharmaceuticals and pesticides and a known
industrial by-product. Now that pyrazole has been identified as an industrial
contaminant in surface water, the toxic properties of the substance can be
elucidated in order to establish health based guideline values for (sources of)
drinking water
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Threat of drinking water resources pollution in the vicinity of Novi Sad

1. Mihajlovic, Faculty of Technical Sciences University of Novi Sad; M.
Vojinovic Mlloradov, Faculty of Technical Sciences University of Novi Sad /
Department of Environmental Engineering and Occupational Safety and Health; J.
Radonic, Faculty of Technical Sciences / Department of Environmental
Engineering and Occupational Safety and Health; M. Turk-Sekulic, University of
Novi Sad / Department of Environmental Engineering and Occupational Safety
and Health; M. Sremacki, University of Novi Sad, Faculty of Technical Sciences;
1. Spanik, Slovak University of Technology in Bratislava

The available information and results about pollution of raw water used for
abstraction of drinking water in Novi Sad municipality are significant for good
eco-status of surface water in river Danube, risk management as wll as for
protection and improvement of human health and safety. A special interest is
devoted to the Danube River as an important source of drinking water in Europe
and also for Novi Sad inhabitants.The main goal of the NATO project was to
reduce and prevent risks related to environmental quality of surface water and
related aquifers used for abstraction of drinking water. Based on the conducted
three screening and two target analyses, the raw water entering water treatment
plant contained approximately 100 different organic compounds. Selected
compounds represent the most frequent groups that were identified, such as linear
and branched alkanes, carboxylic acids, alcohols, pesticides, hormones and others.
Contamination of raw water by two emerging substances 1-octanol and
benzophenone which were found in almost all samples of wastewater and Danube
surface water was observed. Prioritization based on occurrence and predicted
toxicity data has been conducted in order to generate the list of priority substances
relevant for the water-monitoring network in the city of Novi Sad. According to
those results the list of 300 relevant organic and inorganic compounds was
designed, which represent a potential threat for contamination of raw water used
for preparation of drinking water. Obtained list served as input data for the
establishment of standard operating procedure within the Novi Sad municipality
and assessment of risk for relevant detected pollutants. Implementation of joint
risk management plans and strategies against hazards, which might be caused by
the chemical substances in surface and raw water, could serve as an example for
other cities with similar drinking water production in Serbia as well as in
surrounding countries. Acknowledgement: The research has been supported by
NATO Science for Peace Project (ESP.EAP.SFP 984087) and 11146009 Project.

Ecotoxicology and risk assessment of nanomaterials -
Grouping and read-across
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Preliminary outcomes of the OECD Expert Meeting on 'Grouping and
read-across in hazard assessment regarding specific issues for nanomaterials'
J. Riego Sintes, K. Rasmussen, Joint Research Centre / Nanobiosciences Unit; S.
Gottardo; A. Mech, Joint Research Centre / Nanobiosciences Unit; A. Worth,
Joint Research Centre / Institute for Health and Consumer Protection IHCP; A.
Kobe, European Commission; J. Holmqvist, European Chemicals Agency; M.
Gonzilez, Organization for Economic Cooperation and Development; P. Kearns,
Organization for Economic Cooperation and Development / Environment
Department

Manufactured Nanomaterials (MNs) are being developed in many different
variations, including different sizes, shapes and surface functionalizations. While
this is a positive driver for economic development and innovation, it does give rise
to the need for both public regulatory authorities and industry to assess the
environmental, health and/or safety concerns for all MNs that access the market.
Concerns associated with a MN may be different to the one(s) for a corresponding
bulk material, if existing. For those MNs there is a need to generate the data to
draw the hazard profile. Whenever possible, such information should be generated
by means other than vertebrate animal testing. Recently the OECD published its
'Guidance on grouping of chemicals, second edition' (2014). For MNss, it was
concluded that, in addition to structural similarity, a set of physicochemical
properties need to be considered for grouping and read-across. However, this issue
was on purpose not further developed in the OECD Guidance due to the
recognition that a better understanding of the relationships between MNs'
physicochemical properties and (eco)toxicological behaviour or environmental
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fate is necessary before establishing accepted principles for grouping of MNs and
provide recommendations on how to use existing data from bulk materials or other
MNs in a read-across case. Since then, progress has been made in both regulatory
and scientific communities. To discuss the most recent advancements an
EU-sponsored OECD Expert Meeting on 'Grouping and read-across in hazard
assessment regarding specific issues for nanomaterials' is held over two days in
Brussels on 13-14 April 2016. The main focus of the OECD Expert Meeting is on
producing practical, concrete recommendations on grouping and read-across for
MNss for the best uptake in a regulatory context. This oral presentation will
provide an overview of the state-of-the-art on grouping and read-across of MNs
based on the documents and information shared at the OECD Expert Meeting as
well as best practices and lessons learnt from existing case-studies. In addition,
preliminary findings from the discussions in break-out sessions will be reported
and discussed with the aim of outlining possible ways forward. \n
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A strategy for read-across between nanoforms

E.A. Bleeker, RIVM; F. van Broekhuizen, A.G. Oomen, National Institute for
Public Health and the Environment RIVM; N. Andersson, A. Kapanen, A.
Sumrein, European Chemicals Agency ECHA; K. Rasmussen, J. Riego Sintes,
Joint Research Centre / Nanobiosciences Unit; J. Holmgqvist, European Chemicals
Agency

Grouping of substances and read-across are valuable approaches in regulatory
frameworks to minimise costs and animal testing. Where experimental data are
insufficiently available for hazard characterisation one may in some cases predict
the properties of a substance based on data from structurally similar substances.
Also for nanomaterials, read-across and grouping approaches may be an important
means to reduce costs of information generation and addressing data gaps. Based
on existing knowledge and approaches, we developed a systematic strategy to
substantiate read-across for nanoforms of the same substance with a focus on
compliance with the EU REACH Regulation. The strategy comprises six different
steps, including (1) identification and characterisation of the nanoform(s), (2)
when possible formation of initial groups of nanoforms based on
physico-chemical parameters (e.g. aspect ratio, or water solubility and dissolution
rate), (3) identification of available information and data gaps for each nanoform
per endpoint, (4) hypothesis driven identification of source materials to read
across from, (5) where necessary additional testing to substantiate the read-across,
and (6) assessing the new data and remaining uncertainties to conclude on the
read-across arguments. Where read-across cannot be substantiated, the strategy
foresees reiterating (some of) the steps, or performing appropriate testing to fulfil
the information requirement(s) in REACH (or other regulatory framework). The
presented strategy points towards the availability of data on physico-chemical
parameters of each nanoform as the crucial starting point to obtain a better
understanding on its (environmental) behaviour, fate, toxicokinetics and toxicity.
This is the cornerstone in developing a scientific, robust justification for grouping
and read-across. To improve understanding, further (international) coordination
and collaboration in research is advisable. Furthermore, data quality is critical, and
monitoring of physico-chemical parameters during testing is therefore a key
element. This also requires harmonisation and standardisation of test methods for
physico-chemical, toxicokinetics and hazard endpoints.
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Grouping of nanomaterials regarding their fate and behaviour in the
environment - first hypotheses and future work

C. Nickel, Institute of Energy and Envionmental Technology e.V. - IUTA / Air
Quality Sustainable Nanotechnology; M. Herrchen, Fraunhofer IME Institute
for Molecular Biology and Applied Ecology; K. Hund-Rinke, Fraunhofer IME; D.
Kiihnel, Helmholtz-Centre for Environmental Research / Bioanalytical
Ecotoxicology; K. Schwirn, German Federal Environment Agency; T.A.
Kuhlbusch, Institute of Energy and Environmental Technology e.V. - IUTA / Air
Quality Sustainable Nanotechnology

A challenge of nanomaterials in products is their optimal use and at the same
times the safe handling for humans and the environment along the whole life
cycle. Several studies showed the release of NM and their transport to all
environmental compartments. The application of the nanomaterial based product,
the NM properties and the exposure pathway will affect the behaviour and fate of
the NM in the environment and as a result the exposure of the environment,
worker and consumer. The fate and behaviour in the environment and their
concentration are important information for a thorough risk assessment. The
potential risk has currently to be assessed case by case since no tested grouping or
read across is available for the large varieties of NM. This case by case approach
is time and cost consuming. Therefore, a grouping of NM and read across between
different materials is indispensable and one mayor target for future risk
assessment. The grouping of nanomaterials can be difficult as different
perspectives and research areas are involved. Within nanoGRAVUR different
aspects of grouping, read across and tiered approaches for release, exposure,
hazard potential and risk analysis in view of all relevant protective targets,
workers, consumers and environment are explored. The aim is to develop usable
and practicable approaches within the framework of (pre-)regulative testing. One
of the first steps is the set-up of different criterion catalogues based on literature
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data. These catalogues will comprise NM relevant parameters such as physical
chemical properties, the respective potentials of exposure, including release and
environmental fate, hazard (eco- and human toxicity) and risk. Based on these
catalogues grouping hypotheses for NM will be derived and evaluated in a second
step. The presentation will focus on the grouping hypothesis for NM in view of
environmental fate and behaviour. The first concept based on literature data, about
NM transformation and mobility in air, water, sediments and soils. The concept
and the planned experiments for verification or falsification of the hypothesis will
be presented and discussed with the scientific community. We see the input by the
scientific community at this early stage as very valuable to complete this approach
and to increase the acceptability of the grouping concept in the end. The results
are generated in framework of the project nanoGRAVUR which is founded from
the German BMBF, Grant No.: 03XP0002

272

The use of NM libraries for read across estimation - Organism and gene
effects in E. crypticus exposed to TiO2-Fe doped NM library

M.J. Amorim, Universidade de Aveiro / Department of Biology and CESAM; S.I.
Gomes, University of Aveiro / Department of Biology CESAM; C.P. Roca,
University of Aarhus / Biosciences; S. Pokhrel, Bremen University / Department
of Production Engineering; F. von der Kammer, University of Vienna /
Department of Environmental Geosciences; J.J. Scott-Fordsmand, Aarhus
University / Biosciences

Nearly all ecotoxicological studies with nanomaterials (NMs) are focused on
testing one or a few NMs. More systematic approaches to compare effects across
many NMs with different but related characters/descriptors (e.g. different
aspect-ratios or surface activities) are rarely available, especially in ecotoxicology.
Therefore, there is an urgent need to provide tools that allow to develop an
(eco)toxicological dataset containing comprehensive coverage of NP toxicity, with
the aim of extrapolating acquired information across NMs. NM libraries are an
excellent tool for alternative testing and modelling. In the present study a
custom-designed Fe-doped TiO2 NM library was used, covering a wide spectrum
of properties. Additionally, the reference TiO2 materials from JRC were tested
(NM 103-5). Enchytraeus crypticus (Oligochateta) was used as test species since
it is both environmentally relevant (as an important soil representative oligochaete
and a standard species) and also a genomic model, with a high-throughput (HTP)
transcriptomic library. Effects were assessed at the organism (survival,
reproduction) and gene level (differential gene expression, microarray). Gene
expressions were linked to population effects by using population Effect
Concentrations (e.g. ca. EC50) as exposure levels. Material-specific effects were
observed. The microarray study across the 11 materials showed that the profiles of
DEGs varied among the materials. Analysis of gene ontology terms showed
sub-clustering of the different materials, whereas the study of affected pathways
provided the basis for mechanism interpretation.
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Predicting Nanoparticle uptake into cells by easily measurable Nanoparticle
properties

K. Kettler, Radboud University Nijmegen / Department of Environmental
Science; D. van de Meent, RIVM / DMG; J. Hendriks, Radboud University
Nijmegen / Department of Environmental Sciences

The increasing number of NP products poses increasing human health risks by
particle exposure. Serious concerns about toxicological and environmental effects
have been raised because in several in vitro studies adverse effects have been
shown in various cell lines. Unfortunately, effects are often measured after a
single fixed time point based on exposure dose, neglecting uptake kinetics and
time-dependent internal cellular concentration. Two fundamental biological
processes can be employed by NPs to enter cells: Endocytosis by all eukaryotic,
non-phagocytic cells, and phagocytosis in specialised cells. When looking at NPs,
this can be considered a so called Trojan horse effect, because cells take up the
particles mistaking them for nutrients. This can result in high levels of NPs inside
the cell. Various researcher show the effect of different NP properties, e.g. size
and charge, on uptake into the cells. Patterns are albeit uncertain due to the lack of
systematic studies and lack of determination of uptake in toxicity studies, but
patterns are slowly emerging. To overcome the problem that not every of the
numerous NPs can be tested in the laboratory (for uptake and/or toxicity), we aim
to combine empirical studies with modelling for a cost- and time-effective risk
assessment (RA). We determine uptake rate constants and elimination rate
constants in dependence of NP size and charge from published experimental
results. We distinguish between phagocytic and non-phagocytic cells. For
non-phagocytic cells there seems to be a size optimum for uptake of 50 nm NPs
based on NP numbers, smaller and larger NPs are taken up to a lesser extent. This
optimum might shift when results are expressed as mass of the core material of the
NPs. An increase in positive or negative surface charge leads to increased NP
uptake in comparison to less or uncharged NPs. Positively charged particles are
taken up more extensively compared to negatively charged NPs when the absolute
zeta potential is similar. Understanding NP properties that determine their
transport across cell membranes will improve our understanding of their toxicity
and is crucial for RA. Predictions of NP uptake will allow to prioritize NPs for
testing and to develop products that are safe-by-design. Furthermore,
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identification and understanding of the most important NP properties that
determine NP uptake into cells is the first step towards the understanding of their
accumulation along the food chain.

Amphipods as models to investigate toxicology of
environmental contaminants at the land-sea interface
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Application of a multiplexed quantitation of protein biomarkers in the
invertebrate species Gammarus fossarum: interest to environmental
monitoring

D.D. Gouveia, Irstea Lyon / UR MALY Laboratoire Ecotoxicologie; A. Charnot,
UMR; A. Salvodor, ISA - Université Lyon 1; C. Almunia, CEA; J. Armengaud,
CEA / Laboratoire de Biochimie des Systemes Perturbés; a. chaumot, O. Geffard,
Irstea/ UR MALY Laboratoire Ecotoxicologie

Sub-organismal information provided by the measurement of molecular
biomarkers is a relevant approach for environmental biomonitoring (e.g. OSPAR
marine strategy). Changes in molecular biomarkers can be related to an exposure
to chemical compounds and some of them provide early warning indicators of
possible effects on the ecosystem. However, the routine use of these tools in
biomonitoring is confronted with several limitations, specifically in invertebrates.
The most relevant limitations consist of the lack of specific quantification methods
for each species, and the fact that each biomarker measurement involves a specific
method, leading to very expensive biomonitoring strategies in time, cost and
biological samples. Recently, an approach called “proteogenomics” emerged as a
relevant strategy for the discovery of proteins in non-model organisms. With this
approach, our consortium created a database consisting of 1873 experimentally
validated proteins of the amphipod crustacean Gammarus fossarum, a sentinel
species for continental water biomonitoring. Using this protein database, the
objective of the present study was to setup an innovative approach to permit fast
and specific identification and simultaneous quantification of proteins of interest
in this invertebrate species. We applied a mass spectrometry based multiplexed
quantitation methodology (Selected Reaction Monitoring — SRM) to study 55
proteins of interest. Identification of specific proteotypic peptides, physiological
monitoring of associated proteins and their interest as biomarkers in G. fossarum
were assessed by studying their change through male and female reproductive
cycles, during food privation or after exposure to contamination (model
compounds in the laboratory and in situ caging). This novel approach for
multi-marker quantification was successfully applied for ecotoxicological analysis
in an invertebrate species known for its relevance in environmental monitoring.
The concentrations of several biomarkers of interest were simultaneously
monitored during the physiological processes and their sensitivity to toxic
contamination was demonstrated, showing the relevance of this innovative
analytical approach for invertebrate ecotoxicology. In addition, we applied the
measurement of molecular biomarkers for environmental biomonitoring. This
breakthrough methodology in ecotoxicology constitutes a valid alternative to the
time-consuming, biomarker-specific strategies currently used.
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Bioconcentration and biotransformation of selected pharmaceuticals in the
freshwater amphipod, Gammarus pulex

T.H. Miller, G. McEneff, Kings College London / Analytical and Environmental
Sciences; L. Stott, N. Bury, Kings College London / Division of Diabetes and
Nutritional Sciences; S. Owen, AstraZeneca / Safety Health Environment; L.
Barron, Kings College London / Analytical and Environmental Science

The aquatic environment is continually exposed to contaminants via wastewater
treatment plant effluents. These compounds may have adverse effects on
reproduction, development and behaviour in biota." A previous investigation has
shown occurrence of several pharmaceuticals in the freshwater amphipod G.
pulex.2 However, the potential for these xenobiotics to accumulate is not well
understood. Herein, the uptake and elimination kinetics of selected
pharmaceuticals in G. pulex is presented using both liquid scintillation counting
(LSC) and liquid chromatography-tandem mass spectrometry (LC-MS/MS).
Gammarids were exposed to 16 pharmaceuticals covering classes of antibiotics,
anticonvulsants, non-steroidal anti-inflammatories (NSAIDs), histamine H,
receptor antagonists, beta-adrenergic agonists and beta-blockers individually for
96 h with a 48 h uptake and depuration phase, respectively. Analysis was
performed using either LSC or LC-MS/MS in positive and negative electrospray
ionisation modes. Uptake and elimination kinetics were determined and
bioconcentration factors (BCFs) subsequently estimated. Both methods of analysis
were in good agreement and overall the bioconcentration of these pharmaceuticals
remained low with BCFs ranging from 12 - 212. Different methods of modelling
used to estimate the kinetic BCFs showed large variation which was attributed to a
decreasing trend observed in the uptake rate constant (k). Furthermore the
LC-MS/MS method allowed the confirmatory identification and quantification of
several biotransformation products resulting from exposures to propranolol,
carbamazepine and diazepam. The biotransformation indicates that these
organisms are capable of Phase 1 and 2 metabolism, supporting potential further
use as a replacement of fish models. Finally, the results suggested that the
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bioconcentration potential of these pharmaceuticals is relatively low. References.
1) Daughton, C.G. & Ternes, T.A. (1999). Environ. Health. Persp., 107(6),
907-938. 2) Miller, T.H., et al. (2015). Sci. Total. Environ., 511: 153-160.
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Seasonal sensitivity of Gammarus pulex towards cypermethrin

K. Dalhoff, University of Copenhagen / Department of Plant and Environmental
Sciences; J.J. Rasmussen, Aarhus University / bioscience; N. Cedergreen,
University of Copenhagen / Plant and Environmental Sciences

One of the most commonly used classes of pesticides in Danish agriculture is the
synthetic pyrethroids which constitute approximately 90 percent of the total
insecticide usage. The pyrethroids can enter surface waters by spray drift, colloid
facilitated transport or leaching through tile drains and even short pulses of
pyrethroids have been shown to be highly toxic to different aquatic invertebrates
with ECso-values in the ng L' range. The purpose of the current study was to
investigate the variance in seasonal sensitivity of the freshwater invertebrate
Gammarus pulex towards a short (90 minutes) pulse of the pyrethroid insecticide
cypermethrin. We hypothesise that the gammarids are most sensitive during spring
and the least sensitive during fall due to the general increase in fitness during
summer and fall such as formation of fatty acids and proteins. To test the
hypothesis, gammarids were collected in a local stream, acclimated for three days
and subsequently exposed to a 90 minute pulse of cypermethrin before being
transferred to clean medium for recovery, where immobilization and death were
followed for seven days. To get an indication of the fitness levels of the exposed
gammarids the composition of fatty acids, protein content and in vitro cytochrome
P450 (ECOD) activity were measured in non-exposed gammarids collected at the
same dates as the exposed gammarids. The results of the preliminary test period of
February through October seem to support our hypothesis as the estimated
ECsp-values were lowest during spring and early summer with the exception of
March and May. The seven days ECsp-estimates varied from 0.29 = 0.06 to 1.94 +
0.60 ug L' with the lowest estimate observed in April and the highest in October,
respectively. This several fold difference in pyrethroid sensitivity may be
explained by different fitness levels of the collected gammarids. Fitness levels
measured as their lipid and protein content, are expected to increase during fall
due to the increase in food sources caused by the leaf-fall. An increased protein
level may very well result in a higher level of cytochrome P450 activity, which
potentially can explain the decrease in sensitivity during fall, whereas an increase
in lipid content might increase the proportion of cypermethrin being contained in
an inactive form in the lipid fraction.
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Silver absorption kinetics in hemolymph of the marine amphipod (Parhyale
hawaiensis) exposed via water

M. Vannuci-Silva, S. Cadore, UNICAMP; G. Umbuzeiro, SCHOOL OF
TECHNOLOGY -UNICAMP / LEAL

Nowadays, silver’s release into the environment is becoming an environmental
concern, due, specially, to its large incorporation in nanomaterials. Absorption
kinetics studies can be helpful to elucidate the toxicity mechanism of those
contaminants. Therefore, the determination of silver concentration in the
hemolymph of exposed organisms can be an interesting exposure measurement
but, because of the relatively small size of these organisms, this task is quite
challenging. The aim of this study was to evaluate the silver absorption kinetics in
organism exposed to silver nitrate via water. As a next step, organisms exposed to
silver nanoparticles will be studied. Experiments were performed using adult
organisms of Parhyale hawaiensis (8 months) individually exposed. The Ag
concentrations of exposure were 0; 5; 10; 25; 50 and 100 ug L™ prepared with
AgNOs; and reconstituted saline water (salinity 30). The exposure times were: 14,
24,48, 72 and 96 hours. After exposure, hemolymph (approximately 0.5 yL per
organism) was collected and weighted. Three pooled samples of 4 organisms were
tested per exposure concentration and per time. The pooled hemolymph was
diluted in 1 mL of HNOj3; 0.05%. Copper concentration in the hemolymph was
also determined and used as a possible internal standard because this metal can be
found in hemocyanin. An Agilent 7700x Inductively Coupled Plasma Mass
Spectroscopy was used for Ag and Cu determinations. The limits of detection for
Ag and Cu were 0.043 and 0.027 ug L™, respectively. Silver concentrations in the
hemolymph increased with the increase of Ag in water and with higher exposure
times, reaching 14 ng mg™'. Silver seems to be regulated by either Ag uptake
inhibition or actively excretion in those organisms, especially when the ion
concentration is higher than 50 g L™ in the water, regardless the time of
exposure. Copper concentrations remained from 60 to 120 ng mg™', regardless of
variation in silver concentration in the water. The observed variation is probably
due to the physiological state of the organisms such as molting stages, but
additional studies are required to verify the adequacy of this measurement as an
internal standard. The measurement of metals in hemolymph of such small
organisms can be an interesting tool and it will be applied in silver nanoparticles
toxicity studies.
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Effects of low dose radiation on reproduction and behaviour of the
amphipod, Echinogammarus marinus

66

N. Fuller, University of Portsmouth / Biology; J.T. Smith, University of
Portsmouth / School of Earth and Environmental Sciences; S.A. Kohler, A. Ford,
University of Portsmouth / Biological Sciences

Impacts of environmentally relevant doses of ionising radiation on aquatic biota
are poorly understood. Significant data gaps for a range of organisms coupled with
high profile nuclear incidents such as Chernobyl and Fukushima have driven a
re-examination of the impacts of radionuclides. Echinogammarus marinus is a
widespread intertidal amphipod which has gained prominence as a model species
in both ecological and ecotoxicological studies. The aims of the present study
were: 1) to develop a method for ecotoxicity testing of contaminants on the
reproduction of model amphipods;2) To investigate the impact of chronic,
low-dose ionising radiation exposure on the quantity and quality of spermatozoa
in E.marinus;3) To elucidate the impact of radionuclides on crustacean behaviour
patterns. E. marinus were exposed to beta radiation (phosphorous 32; P32) at a
range of activity concentrations from O to 69 Bg/mL. Mean dose rates over the 14
day exposure period of 0.2, 1 and 9 mGy/d™' were calculated. Subsequently,
behavioural assays were performed using video tracking software (Ethovision XT)
over an 8 minute alternating light/dark cycle. Sperm quantity and quality were
ascertained using dissection and fluorescent (LIVE/DEAD) staining techniques.
Following light stimulation, a significant reduction in swimming velocity was
observed during dark phases of the assay at all dose rates. Exposure to P32
resulted in a decrease in sperm viability across all dose rates compared to the
control although this was only significant in the 1 mGy/d™' exposure group (~11%
reduction). No significant differences in total spermatozoa numbers were recorded
in any of the treatments. This study has developed sensitive biomarkers
highlighting possible impacts of sperm quality but not quantity. A number of
studies have suggested that a reduction in sperm quality may be detrimental to
crustacean species at higher levels of organisation therefore ongoing research will
aim to determine the presence of DNA damage and the knock-on effects on
fertilisation success. These preliminary findings indicate that ionising radiation
has the potential to alter male fertility and behavioural patterns at dose rates below
those encountered in radioactively contaminated environments. Such studies will
improve our understanding of the impacts of large scale nuclear incidents such as
Chernobyl and Fukushima.
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Discussion
G. Umbuzeiro, SCHOOL OF TECHNOLOGY -UNICAMP / LEAL

Recent Developments and Current Issues in Bioaccumulation
Assessment
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First insight into bioconcentration of Ionic Liquids - an in vitro approach
J. Maszkowska, University of Bremen / Center for Environmental Research and
Sustainable Technology; P. Stepnowski, University of Gdansk / Department of
Environmental Analysis; J. Thoeming, M. Markiewicz, S. Stolte, University of
Bremen / Center for Environmental Research and Sustainable Technology
Thousands of different Ionic Liquids (ILs) have been synthesized and few
hundreds are commercially available. ILs are used nowadays from small-scale
through pilot plant to large-scale industrial applications. This comes with the
increased probability that they will be continuously released into the biosphere,
for example, as process effluents or consumer products, or in larger amounts as
accidental spills. Hence they should be considered as potential pollutants (PPs).
Bioaccumulation is of the highest concern for environmental risk assessment of
chemicals, since it is known to cause far-reaching hazards to wildlife and human
health. Generally, the experimental measurement of bioaccumulation is
time-consuming, expensive, and due to ethical concerns regarding animal welfare
not feasible for large sets of chemicals. Thus prediction models - mainly based on
easily determinable physicochemical properties such as the octanol-water partition
coefficient - are usually used. However the existing prediction models often give
inappropriate and inaccurate results for ionogenic compounds and permanently
charged organic chemicals. This is due to the fact that classical bioaccumulation
models neither sufficiently consider ion—macromolecule interactions nor
interactions of cations and anions in solution - both strongly influencing the
transport, uptake and bioavailability of ions. Therefore the main aim of this study
was to understand the interactions of organic ions, and ion pairs in particular, with
in vitro biological systems and their consequences in terms of bioconcentration.
On the basis of obtained results strong evidence for the influence of alkyl chain
length and thus hydrophobicity was presented. Moreover the influence of
hydrophobic counterion on lipid membrane partitioning was determined. The
study also showed that lipid membrane partitioning of ILs is concentration —
dependent. Hydrophobic ILs had rather high affinity to lipid membranes
suggesting significant bioconcentration potential. Since hydrophobic counterion
clearly exhibited membrane partitioning of IL cation, influence of
co-contaminants on bioconcentration potential should be always considered.
Acknowledgement This research has been supported by the Institutional Strategy
of the University of Bremen, funded by the German Excellence Initiative.

SETAC Europe 26th Annual Meeting Abstract Book



281

Improving fish bioaccumulation assessment for ionogenic compounds by in
vitro measurements of the liver S9 clearance rates

s. droge, Utrecht University / IRAS; Y. Chen, Ctgb; J. Hermens, Utrecht
University / Institute for Risk Assessment Sciences

Under the chemical legislation REACH, adequate estimates of the
bioaccumulation potential of thousands of chemicals, of which 50 % is ionogenic,
are required. Only recently, a bioconcentration model specifically for ionogenic
organic chemicals (BIONIC) in fish has been developed. Bioaccumulation data on
ionogenic organic chemicals (IOCs) are scarce, but also the QSARs used to
parameterize the critical uptake rate constant, tissue distribution and
biotransformation rates are poorly validated for IOCs. The available in vivo fish
biotransformation rates for IOCs do not cover many fully ionized structures, and
also do not equally cover all different types of acids (phenolates, carboxylates,
sulfonates, sulfates) and types of bases (primary, secondary, and tertiary amines,
and quaternary ammonium salts). We used a straightforward in vitro
biotransformation assay with a single batch of S9 Rainbow trout liver homogenate
(Rt-S9) in order to derive consistent measurements of intrinsic hepatic clearance
rates (CLin vitoinir)on S0 IOCs, covering nearly all monoprotic IOC types. Since the
Rt-S9 is well characterized and standardized and includes both phase I and phase
IT enzymatic conversions, this data set covers the baseline ability of uninduced
fish to biotransform xenobiotic ionic compounds in an environmental exposure,
which would be a valuable conservative approach. The next challenge is to
extrapolate these values to whole organism transformation rates, after which they
can be applied to the BIONIC model. The 50 IOCs include many simple chemical
structures that allow for a careful evaluation of the influence on CLi, yioinr Of (A)
the ionizable group, (B) the hydrophobicity (non-polar moieties) of IOC
structures, (C) the position of the charged group in the IOC (interior or exterior of
the structure), (D) branching (related to C), and (E) to some extent specific polar
functional groups. This data set on IOCs pose an important shortcut to current
uncertainties in deriving biotransformation rates from in vivo measurements for
I0Cs, and could present a framework to establish a more extensive Rt-S9 QSAR
that specifically addresses all kinds of ionizable contaminants. The in vitro Rt-S9
data can further be used to evaluate and support the BIONIC bioaccumulation
model kver-QSARS that are based on in vivo data.
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Identifying obstacles to the application of the one concentration approach for
fish bioconcentration testing

N. Burden, NC3Rs; S.K. Maynard, Syngenta / Environmental Safety; L. Weltje,
BASF SE / Crop Protection Ecotoxicology; J. Wheeler, Dow Agrosciences

Fish bioconcentration studies assist in determining the potential for substances to
bioaccumulate. The resulting bioconcentration factor (BCF) value is used as part
of Persistence, Bioaccumulation and Toxicity (PBT) and secondary poisoning
assessments. International data requirements for general chemicals and plant
protection products (PPPs) include triggers for determining BCF values, generally
where bioconcentration might be expected. Bioconcentration tests are time
consuming, expensive, and use a minimum of 108 animals per study. Alternative
methods that replace, reduce or refine the use of fish for BCF testing would
therefore be of value in improving efficiency, reducing costs and supporting
animal welfare considerations. The 2012 revision of the OECD Test Guideline for
BCF testing (TG 305) provides the option to use only one exposure concentration,
when justification is provided, although two exposure concentrations may still be
required for some regulatory purposes. Recently this justification has been
demonstrated for general chemicals and PPPs, where it was shown that one
concentration can be tested without compromising the BCF determination. This
provides a strong data-driven rationale for using the one test concentration
approach for BCF assessment of general chemicals and PPP active substances,
and where applied would reduce the number of fish used for this purpose by one
third. In 2015 we conducted a survey across academia, regulatory bodies and
industry to determine how often the one concentration approach is being applied
in practice, and identify the barriers to its widespread uptake. Fifty-eight
participants from Asia (n=3), Europe (n=21), North America (n=30), and Latin
America (n=4) completed the survey. Of these, 31 respondents were scientists
from organisations which conduct fish bioconcentration testing for regulatory
purposes, of which 29 responded to the question ‘How often does your company
apply the one concentration approach in practice?’. The majority of these
scientists (48%) occasionally apply the approach, with 41% never utilising the
approach, and only 10% using it routinely. Twenty-two of these scientists
identified barriers to its uptake. These were cited as a lack of global regulatory
acceptance (64%), followed by scientific concerns (32%), and inertia (4%). In this
presentation we will explore the barriers in more detail and discuss potential
strategies to enable greater use of the one concentration approach in practice.
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Study of biomagnification of poly- and perfluoroalkyl substances on fresh
water food webs

C. Simonnet-Laprade, UMR5805 EPOC; M. Lauzent, LPTC-EPOC, University of
Bordeaux / UMR EPOC LPTC; G. Munoz, Universite de Montreal / UMR EPOC
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LPTC; K. Le Menach, University of Bordeaux / UMR EPOC LPTC; P. Labadie,
CNRS; B. Ferrari, Ecotox Centre CH; M.P. Babut, Irstea / Water; H. Budzinski,
University of Bordeaux / UMR EPOC LPTC

Poly- and perfluoroalkyl substances (PFAS) are surfactants that have been
synthetized and used in a wide variety of applications since the 1950s. As a
consequence, PFAS are introduced via multiple pathways in the environment and
some of these compounds have been detected in all compartments including
aquatic systems. Even if PFAS concentrations are rarely superior to ug/L in
surface waters, elevated concentrations have been reported in aquatic organisms
(up to mg/kg) demonstrating their bioaccumulative properties. Recent works
highlighted the importance of the use of metrics such as the Trophic
Magnification Factor (describing the behavior of a compound along a food web)
for bioaccumulative assessment of persistent organic pollutants. In this study, the
biomagnification potential (TMF) of 23 PFAS was investigated in freshwater
riverine food webs, for the first time. Thus, various biota species including fish
(barbels Barbus barbus and chubs Squalius cephalus) and invertebrates
representing different trophic levels (primary consumers, omnivores, herbivores,
carnivores or filter feeders) were collected across 4 sites in the Rhone basin and 1
site in the Loire Basin (Eastern France). Analysis of stable isotopic ratios (§'°N
and §"°C) allowed for the determination of trophic levels (TL). Several regression
approaches were compared for TMF calculation, including a classical regression,
and regressions taking into account sample heterogeneity and/or left-censored
values. At each site, particular care was devoted to the choice of the organism at
the baseline of the food web. Fish were consistently at the top of the food chain
(TL = 3-4.5) and were significantly more contaminated than invertebrates (XPFAS
=6-2321 Vs 0.8-205 ng.g”" ww). The most frequently detected PFAS were
long-chain carboxylates and sulfonates, while shorter chain PFAS were never
detected. TMFs ranged between 1.5 and 6 for long-chain PFAS, strongly
suggesting their biomagnification potential in the riverine food webs investigated.
TMFs could vary substantially among sites, and according to the regression model
used.
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Measuring Trophic Magnification Factors: Role of Spatial Concentration
Gradients, Disequilibria and Field Sampling Design

F. Gobas, Simon Fraser University / School of Resource and Environmental
Management Faculty of Environment; J. Kim, Dow Corning Corporation / Health
and Environmental Sciences; J.A. Arnot, ARC Arnot Research & Consulting /
Department of Physical Environmental Science; D.E. Powell, Dow Corning
Corporation / Environmental Sciences; R.M. Seston, Dow Corning Corporation /
Health and Environmental Sciences; K.B. Woodburn, Dow Corning Corporation /
HES

Trophic magnification factors (TMFs) are field based measurements of the
bioaccumulation behavior of chemicals in food-webs. TMFs can provide valuable
insights into the bioaccumulation behavior of chemicals. However, like other
bioaccumulation metrics, TMFs are subject to considerable uncertainty and the
influence of numerous confounding variables. This study seeks to investigate the
role of spatially-variable concentrations in water and sediments on the
determination of the TMF. For this purpose, a multi-box food-web
bioaccumulation model was developed to account for horizontal and vertical
spatial concentration gradients and species movement on chemical concentrations
in aquatic biota of food-webs and TMFs. Model testing through a comparison of
model calculated and observed TMFs for persistent PCB congeners and
biotransformable phthalate esters in a marine aquatic food-web (subject to spatial
variations in chemical concentrations in water and sediments) showed good
agreement between model calculated and observed TMFs. Model testing showed
no systematic bias and good precision in the estimation of the TMF for PCB
congeners but an apparent underestimation of the TMFs for phthalate esters. A
model sensitivity analysis showed that species sampling designs that ignore the
presence of concentration gradients can misidentify the TMF. The determination
of the TMF is most sensitive to concentration gradients and species migration
patterns for substances that are subject to a low degree of biomagnification or
trophic dilution (i.e., TMFs around 1). TMFs were found to follow a strong
relationship with log KOW and to be sensitive to biotransformation rates. Model
calculations indicate that systems with relatively homogeneous exposure are best
suited to determine TMFs that are representative of chemical bioaccumulative
properties. The model is useful in anticipating the effect of spatial concentration
gradients on the determination of the TMF; guiding species collection strategies in
TMF studies; and interpreting the results of field bioaccumulation studies in study
locations that are subject to spatial differences in chemical concentration.
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A bioaccumulation assessment using a weight of evidence approach and
Triclosan as an example
S. Pawlowski, BASF SE; J. Arnot, ARC Arnot Research & Consulting Inc.; S.
Champ, BASF SE

The assessment of the bioaccumulation potential of a substance according to
current regulation requirements such as REACh is based on the logKow
(screening) for the first instance, followed by a fish bioconcentration factor (BCF)
study following OECD 305 test guidelines for the final assessment. The
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standardized fish BCF study results are usually considered definitive for the “B”
assessment and the potential for accumulation along the food chain (secondary
poisoning). Normalized to a 5% lipid content and corrected for growth, this value
is considered as representative for aquatic species (i.e. fish). However, in some
cases where BCF values from several tests are avialable, these values can be
highly variable indicating an uncertainty among those data. For example, in case
of Triclosan, an antimicrobial active substance, at least three guideline fish BCF
studies are available revealing BCF values from about 100 to about 8700 L/kg.
Other “B” metrics such as biomagnification factors (BMFs) and trophic
magnification factors (TMFs) and toxicokinetic information such as the total
elimination half-life (t1/2) can also be considered as lines of evidence in a weight
of evidence approach for “B” assessment to address uncertainty in measured BCFs
and to more fully characterize the bioaccumulative properties of a chemical.
Taking all of these lines of evidence into account, it can be concluded that
Triclosan does not exceed the commonly used BCF bioaccumulation criteria
(thresholds). Furthermore, models parameterized with the available data calculate
biomagnification factors that are less than 1; Triclosan does not biomagnify in
food chains.

Environmental risk assessment of chemical mixtures: the
steps ahead (Il)
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Mixture toxicity assessment using tissue concentrations - experiences from
analysing real-world monitoring data

T. Backhaus, University of Gothenburg / Department of Biological and
Environmental Sciences; D. Yngsell, University of Gothenburg / Department of
Biological and Environmental Science; M. Gustavsson, University of Gothenburg
Norway has been monitoring populations of cod and trout since 1998 for the
presence of organic contaminants including classic POPs from the "dirty dozen"
such as PCBs, polychlorinated dibenzo-p-dioxins and -dibenzofurans, but also
more "modern" pollutants such as flame retardants, alkylphenols, triclosan and
perfluorinated compounds. Aim of the presented study was to assess whether the
joint body burden of Norwegian cod and trout populations indicate an impairment
of fish population health. Two sets of monitoring data were made available by the
Norwegian Environment Agency for this purpose: (i) data on the pollution burden
of trout populations monitored between 2010 and 2014, (ii) data collected between
1998-2013 for cod populations. In total the body burden of 151 organic
compounds was monitored \nFor each compound estimates were collected on
bioaccumulation (BAF) and chronic toxicity to fish (QSAR estimates,
experimental data, PNEC and EQS values). These were then combined with the
biomonitoring data in order to estimate the overall risk of the exposed fish
populations using Concentration Addition. For this purpose all aquatic
concentrations were first re-calculated to internal body burdens by multiplying
each aqueous concentration with the corresponding bioaccumulation factor.
Results indicate that final risk quotients are well below one for the majority of
cases, although the analysis pipeline is fraught with substantial uncertainties. In
particular (i) there is a paucity of reliable toxicity data for a majority of the
compounds, (ii) the application domain of existing QSAR and bioaccumulation
models is too restricted to encompass highly lipophilic compounds such as e.g.
several of the brominated flame retardants that were commonly found
pollutants.\n\n
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Hierarchical Bayesian approach to reduce uncertainty in the aquatic effect
assessment of realistic chemical mixtures

R. Oldenkamp, Radboud University Nijmegen / Department of Environmental
Science; H.W. Hendriks, Radboud University / Department of Applied
Stochastics; D. van de Meent, RIVM / DMG; A.M. Ragas, Radbound University /
Department of Environmental Science

Species in the aquatic environment differ in their toxicological sensitivity to the
various chemicals they encounter. In aquatic risk assessment, this interspecies
variation is often quantified via species sensitivity distributions. Because the
information available for the characterization of these distributions is typically
limited, optimal use of information is essential to reduce uncertainty involved in
the assessment. Here, we show that the credibility intervals on the estimated
potentially affected fraction of species after exposure to a mixture of chemicals at
environmentally relevant surface water concentrations can be extremely wide if a
classical approach is followed, in which each chemical in the mixture is
considered in isolation. As an alternative, we propose a hierarchical Bayesian
approach, in which knowledge on the toxicity of chemicals other than those
assessed is incorporated. A case study with a mixture of 13 pharmaceuticals
demonstrates that this hierarchical approach results in more realistic estimations of
the potentially affected fraction, as a result of reduced uncertainty in species
sensitivity distributions for data-poor chemicals.
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Evaluation of pesticides monitoring programmes using a process based
mixture model

68

J. Baas, Centre for Ecology & Hydrology; M.G. Vijver, CML Leiden University;
J. Rambohul, M. Dunbar, Environment Agency England and Wales; M. van 't
Zelfde, CML Leiden University; D. Spurgeon, Centre for Ecology & Hydrology;
C. Svendsen, CEH, Wallingford / Pollution and Ecotoxicology

A number of European countries run large scale pesticide monitoring schemes
aimed at identifying and evaluating the presence of pesticides in the environment.
We compared data from a regional monitoring programme in the UK with the
country wide monitoring programme in the Netherlands. In total over 15,000
samples containing over 1 million individual measurements were evaluated for
effects, using a process-based mixture model that relates observed concentrations
to effects on the survival probability of Daphnia magna. The monitoring data
were analysed for effects, including and excluding below detection limit results. It
showed that there are only a small number of places where we can expect to have
effects on daphnids, based on measured concentrations. However, the most
polluted samples would cause extinction of a daphnid population within only 30
hrs. If below detection limit measurements are included in the analysis (like the
Water Framework Directive prescribes), in up to 35% of the Dutch samples the
effect of the simultaneous exposure to all pesticides is such that a direct threat to
the survival of daphnids exists. Our analysis also showed that detection limits in
the monitoring programmes are basically too high to exclude additive mixture
effects and so to make a statement on whether or not the environment is actually
protected. To improve on this predictive mixture modelling can be used in
combination with a more focussed monitoring programme.
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Thresholds for synergy: How to define at what concentration a synergist
stops acting as a synergist

N. Cedergreen, University of Copenhagen / Plant and Environmental Sciences; E.
Becerra, D.S. Paludan, K. Dalhoff, M.A. Bjergager, University of Copenhagen /
Department of Plant and Environmental Sciences

Synergy has long been a topic of concern in cummulative risk assessment. If
toxicants act as synergists, they might enhance the effect of other chemicals
beyond what is predicted with mixture models, which assume no interactions
between chemicals. Tests for synergistic interactions are, however, most often
performed with concentrations of the synergists being much higher than the
concentrations occuring under natural conditions. It is likely that there is a lower
threshold concentration below which the action of the synergist is neglible. The
aim of this study was therefore to explore different ways of determining lower
thresholds for synergistic interactions, using the known synergistic fungicides
prochloraz and propiconazole together with the pyrethroid insecticide
alpha-cypermethrin. Different setups and statistical methodologies were tested and
lower thresholds for synergy on survival was determined for the two azole
fungicides in combination with alpha-cypermethrin for the aquatic
macroinvertebrates Daphnia magna, Chironomous riparius, Gammerus Pulex and
Hyallella azteca. Synergy was defined as happening in mixtures where either ECs
values decreased more than two-fold below what was predicted by concentration
addition (horizontal assessment) or as mixtures where the frequency of immobile
animals increased more than two-fold above what was predicted by independent
action (vertical assessment). Finally, survival over time was evaluated using a
GUTS TKTD model letting the elimination rate constant, k., depend on the azole
concentration. Horizontally assessed thresholds were 1.2-4.7-fold lower than
vertically assessed thresholds for D. magna. By evaluating the effect of time, the
vertical threshold was found to decrease with increasing test duration from
0.026+0.013 M and 0.425+0.089 M for prochloraz and propiconazole in the
48h standard tests, to 0.015+0.004 uM and 0.145+0.025 uM, in the 14-days tests
on D. magna. The threshold concentrations for the three other species were within
an order of magnitude of the D. magna thresholds. The GUTS modelling showed
a strong decrease of k. with increasing azole concentration, indicating that effects
on k, might also be used for setting thresholds for synergy.
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Combined toxicity considerations in a constituents-based environmental risk
assessment of multi-metallic substances

K. Oorts, F. Iaccino, ARCHE; V. VEROUGSTRAETE, Eurometaux / EHS; H.
Waeterschoot, Eurometaux

There is a clear need to include a generic approach to address combined toxicity
when assessing multi-metallic substances such as inorganic UVCBs, for which the
assumption was made that the toxicity is driven by the toxicity of their
constituents, resulting in parallel risk assessments of the constituents. Upon
ECHA’s request REACH registrants of inorganic UVCB intermediates committed
to improve the combined toxicity assessment in their registration dossiers.
However, an appropriate standard approach to address combined toxicity of
metals in a regulatory framework is still missing: most standard approaches yield
indeed over-conservative results such as risk scenarios at background
concentrations when several metals are combined. Numerous research efforts have
been performed during the last years in the field of combined toxicity of metals in
the environment. This research is usually focussing on high effect concentrations,
specific combinations of up to maximally 4 metals and on few standard test
organisms, and restricted to well studied metals, such as Cu, Zn, Cd and Ni, with
well characterised ecotoxicological effects to organisms in the water, sediment
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and soil compartments. However, multi-metallic substances like the inorganic
UVCBs can contain more than 10 constituents, including ‘data poor’ metals such
as As, Pd and Te. No clear conclusions have yet been formulated on a generic
approach, i.e. extrapolated to any combination of metals and to all organisms
within an environmental compartment. A one day workshop was therefore
organised in October 2015 with participants from academia, regulatory bodies and
industry. The aim of this workshop was to bridge the gap between the scientific
developments and current regulatory requirements on combined toxicity of metals.
This workshop resulted in a proposal for a generic tiered approach, starting from
the standard concentration addition evaluation based on summation of the
PEC/PNEC ratios of the individual constituents. Several options for refinements
of this standard approach, e.g. taking into account bioavailability, using msPAF
calculations or assessment per trophic levels, are proposed in higher tiers, as well
as screening approaches for evaluating the relative importance of the data poor
constituents. This tiered approach is being tested for some case studies. In
addition, several open research questions were identified for future improvement
of the combined toxicity assessment of metals.

Expanding LCA: looking at organizations and at new policies
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The EU Organisation Environmental Footprint Sector Rules (OEFSR) for
the retailer sector

S. Humbert, Quantis

The European Commission started a pilot to create a “Single Market for
Green Products”, that aims at facilitating better information on the
environmental performance of products and organisations. 26 pilots made
of companies, industrial and stakeholder organisations are drafting
respectively 24 Product Environmental Footprint Category Rules (PEFCR)
and 2 Organisation Environmental Footprint Sector Rules (OEFSR). One of
the pilot is drafting the OEFSR for the retail sector and is composed by
retailers (Carrefour, Colruy, Decathlon, Picard, Kering, Office Depot), public
agencies (EAA from Austria, ADEME from France and ENEA from Italy),
one NGO (Global 2000), one association (PERIFEM) and one LCA
consultant (Quantis). As of November 2015 an assessment of the impacts of
an average retailer has been performed using the 15 impact categories
required. A first OEFSR has been drafted, submitted for public consultation
and accepted by the Steering Committee. The results of the assessment, the
draft and its main methodological points (e.g., for direct, as well as upstream
and downstream indirect contributions), as well as the benefits of this
OEFSR for companies will be presented highlighting latest developments and
feedback, including from the supporting studies. These points also include the
issue pertaining to consistency with the product approach for a sector as
interdisciplinary as the retail sector. As an example of results, an average
general retailer supplying products for 3°000°000 people can have a carbon
footprint in the order of magnitude of 10°000°000 t CO2-eq per year, most of
it being associated with the life cycle of its products sold. Interaction
between OEFSRs and PEFCRs such as cross cutting issues and consistency
will also be addressed. As an example of methodological agreement that has
been reached among sectors is how allocation among meat, milk, pet food and
leather should be performed among cattle co-products. Such type of
agreement is key for a sector like the retail to be able to consistently perform
its Environmental Footprint. One of the significant differences with
traditional corporate footprint is that assessment and reporting for OEF goes
beyond the traditional carbon footprint and includes impact categories such
as water footprint, pressure on resources as well as impact on human health
through environmental pollution. Pressure on biodiversity or deforestation
throughout the supply chain is also included.
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Arla Foods Environmental Profit and Loss Account (E P&L) -
Organisational LCA with Monetarisation

J. Schmidt, 2.-0 LCA consultants; A. Flysjo, Arla Foods

Arla Foods is among the world’s largest dairy companies. To document the total
life cycle environmental impact of their product portfolio, Arla Foods has
conducted an Environmental Profit and Loss Account (E P&L). The E P&L
expresses Arla Foods’ environmental impacts in monetary units, in addition to the
underlying physical units. The functional unit of the study is Arla Foods' product
portfolio in 2014. Arla Foods intends to using the results to evaluate their
environmental strategy and in various communications. This paper discusses the
results and learnings from the E P&L. Especially, the similarities and differences
with product LCA as well as the added value of monetarising the impacts are
discussed. An E P&L can be described as a means of placing a monetary value on
the environmental impacts along the entire supply chain of a given business. The
only difference between an organisational LCA (OLCA) and an E P&L is that the
E P&L uses monetarisation as weighting in the life cycle impact assessment,
which is commonly not done in LCAs and OLCA. The study includes all Arla
foods' sites (99 sites in 12 countries). Production and use of raw materials, energy
carriers, packaging and transport are included, as well as treatment and utilization
of by-products and wastes. In addition, products and services not directly used in
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production, such as computers, furniture and travelling are covered. The
downstream parts of the life cycles (retail and consumers) are also included. The
study presents results calculated using both consequential and attributional
modelling in the life cycle inventory. Indirect land use changes are included. The
monetarised impacts, i.e. the investigated externalities, can be compared to Arla
Foods revenue at 10,600 million EUR2014, which indicate the created value.
When monetarising the impacts, the consequential and attributional approaches
show a contribution at 1840-5850 and 2240-4980 million EUR respectively. The
intervals represent different valuation methods. The consequential results are
generally higher than the attributional. This is because they include indirect land
use changes and thereby a significant impact on nature occupation (biodiversity).
The E P&L gives a broad and deep insight in the impacts from the full life cycle
of Arla Foods product portfolio, and it provides a good basis for comprehensive
sustainability reporting and for identifying options for improving the performance
and reducing the impact.
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Does ex ante application undermine the usefulness of LCA?

M. Villares; J. Guinee, University of Leiden / Institute of Environmental Sciences;
A. Mendoza Beltran, CML Leiden University

Introduction\nIncentives for exploring options for safe recovery of metals from
WEEE include:\n+ Increasing development driven demand for metals\ne
Wastefulness of metal loss into the environment\ne Deleterious environmental
effects of unsafe disposal\nBioleaching, a natural process mediated by micro
organisms, may become a promising emerging technology contributing to safe
secondary metal recovery from WEEE \nlnitial experimental bioleaching results
on WEEE printed circuit boards show efficient metal recovery

yields \n\nMethod\nLCA methodology was applied at an early stage to the novel
bioleaching process to embed it in a life cycle context, linking it to upstream and
downstream flows \nA short term future scaling up scenario was defined using a
proxy technology and estimated data.\nEnvironmental hotspots of this scenario
were identified and its environmental impacts were compared with those of a
current industrial pyrometallurgical technique \n\nResults\nPotential hotspots
were related to energy and material inputs for the bioleaching process and solvents
for copper recovery.\nComparison with an existing technology returned an
inferior environmental performance, even after further optimisation.\nThese
results could not be considered robust given the precociousness of application, yet
they served as valuable preliminary information.\nThe uncertainties also prompted
further enquiry about the chosen product system boundary and the comparability
of the technologies.\n\nConclusion\nThe ex ante application of life cycle
assessment on an emerging technology created new knowledge on its potential
development.\nApplying ex ante LCA and an exploratory scenario brings a
systematic rigour and discipline to an ambiguous situation.\nThough imprecise
with much conjecture involved, it is a valid mock-up of a plausible future
providing useful provisional insights to be built upon.\n* Despite uncertainties,
LCA displays potential environmental hotspots. \n* The developmental challenges
for the emergent technology gain definition at an early stage. \n® The LCA
approach broadens the research scope, bringing a systems approach, long term
view, environmental aspects, and alternative perspectives on the novel technology
to the research domain. \n* Ex ante LCA + exploratory scenario is of great service
as a developmental design tool.
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Developing life cycle sustainability indicators for setting up a new carbon
fiber recycling sector

B. Pillain, University of Bordeaux / Institute of Molecular Sciences ISM  The
Life Cycle Group CyVi; E. Gemechu, University of Bordeaux / Institute of
Molecular Sciences ISM; G. Sonnemann, University of Bordeaux / Institute of
Molecular Sciences ISM  The Life Cycle Group CyVi

Carbon fiber reinforced plastic (CFRP) consumption has been increasing over the
past decade in sectors such as aeronautic, aerospace, automotive or wind energy.
The trend also predicted to increase in the future, inevitably there will be a large
amount of waste from the CFRP manufacturing process and its use. This urges for
the need to establish and implement a sustainable recycling sector focusing on
carbon fibers. With this context, the SEARRCH (Engineering Sustainability
Assessment Research for Composites with High Recycled value) project aims at
defining a list of Key Sustainability Performance Indicators (KSPi) inherent to the
CFRP recycling industry in order to help stakeholders make their choices easily.
As research partner of SEARRCH project, in this paper we focus on the selection
of suitable indicators and assess their relevance to meaningfully define the CFRP
recycling sectors’ sustainability. The selection of relevant indicators was carried
out based on an extensive literature review on existing methods and indicators
used to assess the three aspects of sustainability. Environmental indicators were
based on life cycle assessment (LCA). The frequency of use was considered as the
main selection criterion from a number of indicators analysed. The
socio-economic aspects of carbon fiber recycling sectors were addressed by
considering an additional resource perspective, which is based on recent
publication by Sonnemann et al., 2015. The results show that global warming
(IPCC) acidification (Accumulated Exceedence), and human concern (USEtox)
are the most relevant environmental indicators. Three indicators were also
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identified to assess the socio-economic aspect of carbon fiber recycling from
resource perspective. These are: supply risk due to geological availability (CML
-Resource Depletion), supply risk due to geopolitical factor (GeoPolRisk) and
importance (waste flows obtained from the material flow analysis (MFA)). For the
economic aspects the net present value (NPV) that allows to consider stakeholders
and potential investor point of view was selected. The paper highlights the
possibility to bring aspects of criticality assessment as a new resource dimension
that can be integrated with the traditional environmental assessment tools to
address the sustainability performance of a newly created carbon fiber recycling
sector. The future perspective is to apply the proposed indicators to a specific case
study.
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Assessing resource efficiency of production processes in a Life Cycle
approach: the case of metal working processes

L. Schebek, TU Darmstadt / Material Flow Management and Resource Economy;
A. Campitelli, B. Becker, TU Darmstadt / IWAR

Enhancing resource efficiency is a major goal of sustainable development.
Manufacturing industries are responsible for around 25 per cent of the primary
resource use and a third of the global electricity use [1]. As to metalworking
industries in Germany, major potentials to increase energy and resource efficiency
at company have been identified in previous studies. However, the
implementation of these potentials is slow. In the research project ‘TU Darmstadt
learning factory—resource efficiency in production—pilot project-machining
processes‘[1] we investigated technological parameters and indicators as basis for
guidance documents for metal working companies. The focus of our research
project was 1) to detect the relevant parameters of machining processes (drilling
and milling) on company level, which have a high impact on resource and energy
consumption and 2) to create concepts of indicators for assessing resource
efficiency of machining processes on life cycle level. European resource policy
defines the term of resources as materials extracted from nature but also the
carrying capacity of the natural environment [2]. Given this definition, Life Cycle
Assessment is a suitable methodology to assess resource consumption as well as
flows to the environment connected to impact categories. However, enhancing
resource efficiency in the manufacturing industry requires robust and transparent
indicators of resource consumption which can be easily communicated within
companies. Using the LCA as assessment methodology we found out that during
the examined machining processes the consumption of electricity, compressed air,
cooling lubricants and the MQL oil are relevant parameters for resource
efficiency. On this basis, we derived indicators which can be used for metal
working processes on the company as well as on policy level. References [1]
UNEP. 2011. Manufacturing. Investing in energy and resource efficiency.
http://www unep.org/greeneconomy/Portals/88/documents/ger/GER_7_Manufactu
ring.pdf Accessed 23.11.2015. [2] European Comission. 2010. A strategy for
smart, sustainable and inclusive growth. COM(2010) 2020.
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How to improve the valorisation process of End-Of-Life vehicles? LCA as a
tool to help decision

S. Belboom, University of Liege - Chemical Engineering / Chemical Engineering
PEPs; G. Lewis, P. BAREEL, Comet Traitements SA; A. LEONARD, University
of Liege / Dpt of Chemical Engineering PEPs

This paper undertakes an environmental evaluation of hybrid vehicles recycling,
using industrial data from Comet Traitement SA in Belgium. Three business lines
have been modelled and analysed. The first one is relative to the business as usual
with a dismantling to recover batteries and engines followed by shredding and
post shredding treatments. The second one considers, in addition, the removal of
electronic control units (ECU) before shredding followed by same steps than in
the first line and the last one is relative to the additional removal of big plastic
parts before shredding and business as usual post shredding treatments.
Environmental impacts are assessed using both attributional and consequential
LCA methodology both ILCD 2011 midpoint and ReCiPe 2008 methods.This
study tends to answer this question: “Are the recovery of plastics and ECU prior
shredding environmentally relevant in the end-of-life vehicle recycling process?”.
Using these environmental impacts results, important steps of recycling in both
alternative routes will be highlighted. This study will also allow a comparison
between these routes using several environmental criteria. This information could
be coupled with economic costs of this dismantling and will give clues relative to
this implementation of processes in Belgium and then information for policy
decisions.\n Removal of ECU and plastics before shredding show an
environmental gain in all categories compared to the business as usual scenario
but differences are non-significant, lower than the uncertainty of the results,
excepted for ECU where it depends on the yield valorisation. Concerning plastics,
additional environmental gain is always negligible. This LCA shows the limit of
dismantling in terms of environmental benefits and the highlights given by this
tool for policy making. \n

Ecotoxicological assessment and water quality monitoring in
support of marine and freshwater legislation in Europe

70
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Marine contaminants and biological effects assessments for policy purposes;
OSPAR’s work at the regional scale

J. Foden, OSPAR; T. Burgeot, IFREMER / Department of Biogeochemistry and
Ecotoxicology

This talk will provide a policy perspective, presenting OSPAR’s work in assessing
contaminants and biological effects in the marine environment, at the
regional-scale. It will highlight how OSPAR’s Contracting Parties of the
North-east Atlantic maritime area cooperate to share the burden of monitoring and
assessment. Data are freely available from an ICES data portal, and are used by
OSPAR, HELCOM, AMAP and Expert Groups in the management of chemical
and biological data for regional marine assessments. OSPAR’s expert group
conducts and publishes annual assessments of contaminants

(http://www .ospar.org/work-areas/cross-cutting-issues/cemp). The talk will
describe OSPAR’s Intermediate Assessment 2017 (IA2017) and its constituents of
‘common indicator’ and ‘thematic’ assessments. The dual purpose of the IA2017
as a ‘roof report’ to assist OSPAR Contracting Parties that are EU Member States
in their reporting commitments for the EU’s Marine Strategy Framework
Directive will be explained.
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SIMONI: Smart integrated monitoring of the water quality

R. van der Qost, Waternet / Onderzoek en Advies; G. Sileno, Waternet / Research
and Development; L. Moria, Waternet / Water Systems; M. Thao Nguyen,
Waterproef; M. Suarez Munoz, University of Amsterdam IBED Institute /
Institute for Biodiversity and Ecosystem Dynamics

At the Waternet Institute for the Urban Water Cycle an alternative effect-based
chemical monitoring strategy has been developed over the last five years. The
objective of this SIMONI strategy (Smart Integrative Monitoring) is to get more
information on the water cycle quality for less money than traditional methods
(e.g. Water Framework Directive). This project, that aims to bridge the gap
between scientific research and regular field monitoring, combines passive
sampling with standardized in situ, in vivo and in vitro bioassays. The first version
of the SIMONI model for classifying microchemical risks of surface waters will
be demonstrated. A simple ‘Toxicity traffic light” is developed for policymakers
and regulators, indicating low, potential and high risks of microchemical pollution
for the ecosystem. Phase 1 of the model is a hazard identification that makes the
distinction between low and potential ecological risks. Hazards are mainly
determined with a suite of reliable, fast, user-friendly and inexpensive bioassays.
The selection of endpoints for toxicity profiling was directed towards the
indication of potential risks from a broad spectrum of chemical micropollutants to
aquatic organisms (e.g. nonspecific toxicity, endocrine disruption, antibiotics
activity, genotoxicity, oxidative stress, dioxin-like toxicity). In order to indicate
ecological risks, effect-based trigger values (EBT) were designed for all relevant
bioassay responses. A three-step approach was used for EBT development,
aquatic toxicity data search, species sensitivity distribution of toxic equivalents
(TEQ), and benchmark field studies. Measured bioassay data were incorporated
into a simple model that compares the responses with their EBTs and adds a
weight factor to different types of bioassays, thus generating a quantitative hazard
classification of the entire mixture of micropollutants. Results of field monitoring
studies will be presented that demonstrate the feasibility of this strategy for
identifying hot-spots of chemical pollution. It appeared that highest ecological
risks occurred at the agricultural greenhouse areas, most likely due to pesticide
emissions, while lower risks were observed in waters receiving wwtp effluents.
Due to low costs and high relevance, this model has the potential to become the
first bioanalytical strategy to be applied in routine water quality monitoring. Key
words: toxicity profiling, passive sampling, ecological risk assessment
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Environmental monitoring: industry requirements and needs

L. Nilssen, Statoil ASA and Norwegian University of Science and Technology /
Environmental Technology

Environmental monitoring related to the offshore petroleum industry has
traditionally been carried out through ship campaigns with varying temporal and
spatial resolution. Typical parameters measured are physical parameters such as
grain size and total organic material (TOM), chemical parameters such as heavy
metals and hydrocarbons as well as biological parameters such as taxonomy,
species diversity and condition. National requirements are highly variable but the
main purpose is to define the polluted area and trends within and between various
areas. Linking environmental monitoring to the industry’s relevant risk picture,
however, traditional monitoring may not be the most cost-efficient. The reasons
are several and they all originate from the need of flexibility. The activities on the
different assets vary, the nature of the discharges varies and they are located in
areas with various environmental conditions. In a risk-based system, monitoring,
risk modelling and mitigation measures are the three cornerstones. Modelling can
help optimising the environmental monitoring programme by focusing on the
most critical aspects and sampling strategy. New technology has led to new
opportunities for a holistic environmental monitoring approach adjusted to
purpose, object or specific area of interest. A variety of fixed and mobile sensor
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platforms now enables gathering of relevant amounts of data with the temporal
and spatial resolution needed. Combining monitoring and modelling with
appropriate mitigation measures, targeting the most critical component(s) of the
discharges, will lead to improved environmental performance.
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Use of effect-based tools in the context of the Water Framework Directive
(WFD) — presentation of past and on-going projects

S. Schaan, European Commission - DG Environment / Water unit

Effect-based tools are drawing increasing interest in the context of the
implementation of the Water Framework Directive (WFD), in particular because
of their ability to detect effects caused by mixtures of pollutants and because of
their potential use to bridge the gap between a substance-by-substance risk
assessment (used to assess the chemical status in the WFD) and the integrative
biological indicators used to determine WFD ecological status. This presentation
will describe past and on-going activities on the use of such tools led under the
Common Implementation Strategy for the Water Framework Directive, and
outline some future perspectives.
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Developing a framework for the assessment of contaminant impacts in
marine ecosystems

K. Hylland, University of Oslo / Department of Biosciences; I. Davies; M.
Gubbins, Marine Scotland; C. Robinson, Marine Scotland Science; T. Lang,
Thiinen Institute; D. Vethaak, DELTARES / Marine and Coastal systems; C.
Martinez-Gomez, Instituto Espaiiol de Oceanografia / Marine Contamination and
Biological Effects; T. Burgeot, IFREMER / Department of Biogeochemistry and
Ecotoxicology; J. Thain, Cefas

European marine ecosystems are subject to a range of pressures, including
fisheries, habitat change and contaminant inputs. Available data suggest that
contaminants affect marine organisms, particularly linked to inputs from large
rivers and areas with high offshore activity. Despite such knowledge, there has
been no widely accepted guideline by which to assess contaminant effects. An
integrated framework has been developed by ICES/OSPAR working groups
(WKIMON/SGIMC) to enable an assessment of contaminant impacts in coastal
and offshore ecosystems. The framework is based on assessment criteria for
contaminant concentrations and effect methods, i.e. identifying background
assessment concentrations (BACs), and environmental/ecotoxicological
assessment criteria (EACs) for selected contaminants and biological effects
methods. The framework comprises abiotic and biotic components, i.e. sediment,
fish, mussels and gastropods. In addition, additional measurements to support the
assessment, e.g. hydrographical data, are included. A methodology has been
developed to combine results from different matrices/species and analytical
methods, producing indices that may be integrated across methods/mechanisms of
toxicity, locations or regions. The index for any single location or region using the
framework can be integrated with assessments performed within the Marine
Strategy Framework Directive.

302
Panel discussion

Science Integrity and Publication Bias
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Introduction to Research Integrity — Academic Perspective

M. Zeegers, Maastricht University

There is a broad consensus among academic institutions, government and industry
that more systematic and explicit attention should be paid to scientific integrity.
Responsible Conduct of Research (RCR) is not only an ethical responsibility. It is
also a relevant operational priority in times when there is increased scrutiny from
government, regulatory authorities stakeholders and the public, and the
reproducibility of research findings appears to be low. Previous studies, however,
have shown however that on average 2% of scientists conduct fraud and 34% are
involved in Questionable Research Practices (QRP), which due its high frequency
may have a larger organizational impact. This whistleblowing presentation
discusses the current play-field and proposes some policy changes to reduce
‘research waste’.
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Research Integrity Codes — An Overview in a Governance Perspective

L. Sydnes, University of Bergen

Science is an enterprise that is based on trust and transparency. Knowledge is
supposed to be generated, communicated, and distributed a verifiable and
provable way that is assumed to prevent fraud and other dubious practices and
make sure the science community is self-correcting [1]. Of course we know that
the system has never been completely flawless, but overall it has functioned so
well that most knowledge made publicly available has been reliable and
trustworthy. However, the last couple of decades we have witnessed a sharp
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increase in the number of violations of this vulnerable and delicate system. This is
alarming because the value and benefits of research as well as the sciences’ ability
to serve society and humankind are vitally dependent on the trustworthy
researchers performing investigations with integrity [2]. To meet this crucial
challenge and try to curb scientific misconduct, discussions and developments of
Code of Conducts have increased considerably in recent years and made the
science community aware of the need to be proactive and teach and reflect on
what constitute research integrity as the framework for science changes. In the
lecture cotemporary challenges and initiatives relevant to the theme will be
presented, discussed and highlighted. Attention will be drawn to available
resources, including ICSU’s compilation of documents on the web [3], IUPAC’s
living-code concept [4], and publications resulting from conferences [5], which
are of value for researchers and teachers alike. References [1] CFRS brochure;
Freedom, Responsibility and Universality of Science,ICSU, Paris France; 2014;
http://www.icsu.org/freedom-responsibility/articles_and_letters. [2] 2™ World
Conference on Research Integrity; Singapore statement on Research Integrity,
2010; http://www.singaporestatement.org. [3] See
http://www.icsu.org/freedom-responsibility/research-integrity/statements-codes-re
ports [4] G. S. Pearson, E. D. Becker, L. K. Sydnes; Why Codes of Conduct
Matter, Chemistry International 2011, 33 (6), 7-11. [5] N. Steneck, M. Anderson,
S. Kleinert, T. Mayer (eds.); Integrity in the Global Research Area, World
Scientific, Singapore; 2015.
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Sound Science — Industry Perspective

D. van Wijk, Euro Chlor

The chemical industries and their products are essential for societal prosperity and
innovation. Innovation depends on effective scientific progress, which is also a
key determinant in how the assessment of chemical safety for human health and
the environment is performed in order to enable evidence-based decision-making.
Therefore the scientific investigation and publication process and the utilisation of
scientific results are essential for industry and the entire society as a whole.\nln a
society with different interests, science has to provide the level playing-field and
common ground and therefore it is essential that science integrity is maintained at
all levels during science’s route from concept to law. In practice though, there are
vulnerabilities in the process that may occur at different application levels, in a
multitude of different ways. To identify and illustrate good and bad practices at all
levels from investigation to policy, a matrix approach has been developed which
will be discussed.\nAs a worst-case example, the incorporation of poor studies
into poorly reviewed journals that are ‘cherry-picked’ into review articles, may
lead to selection by a prejudiced scientific committee for inclusion by legislative
bodies who are motivated by popular opinion (based on tabloid/ social media
‘scare-mongering’). This may result in regulations that incorrectly restrict societal
use of essential substances. The presented matrix can help to identify those best
practices that are required at each stage in directing impartial, apolitical and
scientifically correct, high quality decision-making.
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Perspectives of Academic Journals on Scientific Integrity and Publication
Bias

G. Burton, University of Michigan / School of Natural Resources Environment
There is an increasing awareness of a lack of scientific integrity and publication
bias in peer-reviewed journals. This has been documented in the highest ranked
journals. Retraction rates have dramatically increased due to plagiarism or
falsification of data. This increasing trend is likely due to both improved detection
methods and pressures to publish. The rates of bias are less clear and more
difficult to measure and are linked to sector affiliation, gender, age, institutional
reputation and geography. The majority of those surveyed support the
double-blind review process to reduce bias, but there is no consensus across
scientific journals. Promoting publication from the disenfranchised is a noble call
— but requires concerted efforts from scientists and professional scientific
societies. ET&C is addressing these challenging issues via a number of avenues,
including their “Perspectives” columns, routine dialogue with their Editors to
identify and respond to bias, and actively recruiting submissions from
under-represented regions. ET&C will continue to be vigilant in maintaining its
high level of scientific integrity, and will continue to look for methods to reduce
the inherent human tendency of bias. Organizing a mentoring approach for
scientists in under-represented regions has been of an ad hoc nature and should be
expanded in the future.
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SETAC Ethical Code of Conduct - followed by panel discussion

P.D. Guiney, Retired- S C Johnson & Son, Inc / Molecular and Environmental
Toxicology Center

SETAC has maintained and upheld a Code of Ethics for many years. In 2015, the
SWC revisited this Code of Ethics as part of their Long Range Planning process
and decided to focus on this important topic as a key initiative. A Scientific
Integrity Subcommittee was formed under the auspices of the Global
Communication Committee. The Steering Committee for this new group met and
discussed at least three issues we thought SETAC could significantly influence in
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a positive way. First, we felt that there was an increasing lack of personal
integrity. Certainly there are institutional biases, mostly in the organizations that
are supposedly “protectors of the environment.” But underlying that is the
question of personal integrity. What are the data really telling us? We need to
know; good, bad, and ugly. Secondly, we felt that there was a general lack of
understanding industry. Most people have “things” but don’t realize all that is
involved in the manufacture, distribution, sale, and end-of-life management of
“things.” There has been an increasing fervor from the business sector of SETAC
that there is industry bias. This is an issue that SETAC with its long history of
tripartite representation is in a unique position to address. Finally, is the issue of
publication bias including what might be called the rise of the on-line journal.
Many SETAC scientists get numerous emails requesting that they publish their
work in speedy on-line journals at low costs. The on-line publishing world
discovered a great “pay to play” model, where almost anyone can get almost
anything published in a “peer reviewed” journal. Of course, their Impact Factors
are at or below zero, but many times that’s irrelevant. Judges don’t know about
Impact Factors, so a publication in any journal holds a lot of weight in a court of
law. When you are in a “publish or perish” institution, any journal is better than
none. In addition, because of the plethora of journals, it is becoming nearly
impossible to find good reviewers for papers. The current Code of Ethics also
mixes two distinct issues: namely personal ethics and scientific ethics. In this
context, personal ethics means how someone responds to someone else and
scientific ethics means the quality of our research. SETAC has a duty to address
both types of ethics. Our medium to longer term, is to separate the two types of
(un)ethical behaviour. Thus we are proposing changes and enhancements to both
the SETAC Code of Conduct and the Code of Ethics.
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Panel discussion Ctd.

Tendency towards higher complexity in environmental risk
assessment of Plant Protection Products: to accept or to
avoid?

309

Introduction

T. Frische, Federal Environment Agency (UBA) / Section Plant Protection
Products
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Issues raised during the brainstorming-workshop “Reflecting on the
increasing complexity in environmental risk assessment of Plant Protection
Products” organized by the UBA, ANSES, KEMI (12th — 13th November
2015 in Berlin, Germany)

V. Poulsen, ANSES / French Agency for Food Environmental and Occupational
Health and Safety
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How to handle decreasing time lines and complex risk assessments of plant
protection products - a proposal from KEMI

H. Sundberg, Swedish Chemicals Agency

312
Reasons and possible solutions for complexity in risk assessment
E. Streissl, EFSA / Pesticides Unit
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Risk management decisions regarding plant protection products: information
needs and regulatory context

K.M. Nienstedt, European Commission - DG SANCO / PPR

314
Models are neutral, funding is biased, complexity is real
R. Ashauer, University of York / Environment
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Simplicity, Sense, and Scrutiny in Environmental Risk Assessments of PPPs
P. Kabouw, BASF SE
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Key messages from an NGO perspective
M. Wang, Greenpeace Research Laboratories
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General discussion

T. Frische, Federal Environment Agency (UBA) / Section Plant Protection
Products

Persistent and mobile contaminants in the aquatic
environment: how to identify, analyse and regulate a
potential threat for drinking water resources (1)
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How do chemical and environmental properties affect the retention of
organic contaminants in urban watersheds?

A. Parajulee, Y.D. Lei, A. Kananathalingham, University of Toronto

Scarborough / Department of Physical and Environmental Sciences; L.W. Yeung,
University of Toronto / Chemistry; A.O. De Silva, Environment and Climate
Change Canada; C.P. Mitchell, University of Toronto Scarborough / Department
of Physical and Environmental Sciences; F. Wania, University of Toronto
Scarborough / Physical and Environmental Sciences

Prominent characteristics of the urban landscape include impervious surface
coverage and sewer networks that both serve to increase runoff delivery to streams
and decrease infiltration. This can lead to rapid, often untreated inputs of
contaminants to water bodies during snowmelt and rainfall. Of particular interest
are how chemical properties and environmental properties interact during such
events to influence contaminant delivery to streams. This study investigates the
relative importance of chemical properties, urban infrastructure, and physiography
on the transport of a broad range of organic contaminants in urban Canadian
watersheds. In Toronto, Canada, we have three sampling sites in each of two
watersheds that differ widely in their degree of urbanization, and hence the types
and configurations of their land cover and city infrastructure. We measured
dissolved and suspended sediment-bound streamwater concentrations of
polycyclic aromatic hydrocarbons (PAHs), neutral and acidic pesticides, and
benzotriazoles during two rainfall events and one snowmelt event. We also
concurrently measured suspended sediment, dissolved and particulate organic
carbon, and electrical conductivity. Preliminary results from one rainfall event
show peak concentrations of particle-bound PAHs that are 20-94 times higher, and
area-normalized fluxes 6 to 24 times higher, at the sites in the more urbanized
watershed relative to the largely agricultural watershed. Furthermore, while these
peak concentrations increase downstream in the urbanized watershed, there is little
to no change in peak concentrations in the other watershed. The total watershed
particle-associated PAH loading to Lake Ontario was also 25 times higher. We
will additionally present the results of ongoing sample analyses that answer the
following questions arising from these initial findings: (1) What drives the higher
concentrations and loadings in the highly urbanized watershed? The explanation
could be one or both of the following: first, that the urbanized watershed has
greater within-watershed sources of PAHs and second, that the mostly agricultural
watershed has a greater retention capacity for PAHs. (2) Are the observed patterns
consistent across snowmelt and rainfall events, for all analytes, and why or why
not?
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Screening of organic contaminants in raw and drinking water from source to
tap

L. Ahrens, Swedish University of Agricultural Sciences (SLU) / Dept of Aquatic
Sciences and Assessment; R. Troger, Swedish University of Agricultural
Sciences / Department of Aquatic Sciences and Assessment; P. Klockner, Swedish
University of Agricultural Sciences SLU; J. Lundqvist, Swedish University of
Agricultural Sciences / Department of Biomedical Sciences and Veterinary Public
Health; A. Rosenmai, T. Le Godec, Swedish University of Agricultural Sciences;
A. Oskarsson, SLU Dept Biomed Sci Vet Publ Health / Dept of Biomed Sci and
Vet Publ Health; K. Wiberg, Swedish University of Agricultural Sciences /
Department of Aquatic Sciences and Assessment

The occurrence of synthetic organic compounds (OCs) in drinking water can pose
a threat to human health. In this study, water samples were collected from
drinking water source areas, inside a drinking water treatment plant (DWTP) and
in finished drinking water from the surroundings of Uppsala, Sweden. The water
samples were examined for 178 residues of pharmaceuticals and personal care
products (PPCPs), perfluoroalkyl substances (PFASs) and pesticides. The
contaminants were extracted using large volume solid phase extraction (SPE) and
analysed using liquid chromatography coupled to a time-of-flight spectrometer
(LC/TOF-MS). The main source of the targeted OCs was found to be a sewage
treatment plant (STP) effluent. Concentrations decreased in two lake samples
(lake Ekoln and Gorviln) connected to the DWTP due to dilution effects and
potential degradation. Within the DWTP, concentrations remained stable and
contaminants were not removed efficiently with the conventional treatment
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techniques of flocculation, sand filtration, granular activated carbon (GAC) and
disinfection with UV light and chloramine. A pilot plant with membrane
technology is ineffective as well, except when coupled to new GAC filter. Overall,
the occurrence of contaminants in drinking water emphasis that more research is
needed to develop appropriate and cost-effective treatment method for the
removal of OCs and to improve our knowledge about their risks for human health
and ecosystem.
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Advanced water treatment assessment and novel monitoring techniques

S. Kools, KWR Watercycle Research Institute; K.A. Baken, KWR Watercycle
Research Institute / CWG; 1. Briining, IAWR; G. Stroomberg, RIWA River Water
Works

To control the emission of chemicals in the environment and to meet the
requirements of the WFD, emissions of chemical compounds are more and more
regulated, for example by the REACH and other substance specific regulations.
Next to that, emission point sources of WWTPs are being upgraded towards the
elimination of chemicals of emerging concern (CECs). More specifically, in the
Rhine area, several communal waste water treatment plants aim to increase the
removal of these CECs. Here, additional treatment steps such as advanced
oxidation processes (AOPs) and/or in combination with Granular Activated
Carbon (GAC) are being considered or have been implemented. Numerous studies
describe the successful removal of substances in waste water, hence higher
removal rates by these treatment steps. While the intention is to lower emissions
of CECs, resulting transformation products may be overlooked. Concise
information on the formation and toxicological relevance of transformation
products is lacking and it is unclear to which extent transformation products
contribute to overall toxicities of treated waters. This review will collate existing
information on the risks of AOPs in the light of large scale applications of these
new waste water treatment techniques. Also, the review will identify research
questions that arise, specifically the impact of the formation of polar persistent
transformation products on drinking water production. The review will highlight
existing and novel monitoring techniques, both to identify toxicity as to recognize
unknown and known chemicals. As drinking water utilities apply similar
techniques for the production of safe and healthy tap water, information may be
usable for different water managers and researchers.
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Application of the novel Orbitrap-based gas chromatography-mass
spectrometry technology to characterize emerging disinfection by-products in
disinfected water.

C. Postigo, IDAEA, CID-CSIC / Environmental Chemistry; C.I. Cojocariu,
Thermo Fisher Scientific; S.D. Richardson, University of South Carolina; P.
Silcock, Thermo Fisher Scientific; D. Barcelo, IQAB-CSIC / Dept Environmental
Chemistry

About 50% of the halogenated material formed during water disinfection is still
unknown[1]. Several chemical classes of low molecular weight iodinated
disinfection by-products (iodo-DBPs) have been reported to be within the
aforementioned unidentified fraction. The presence of iodo-DBPs in drinking
water is of concern, because these compounds have been found to be in some
cases more genotoxic and cytotoxic than their corresponding brominated and
chlorinated analogues''?’. Recent developments in gas chromatography
(GC)—mass spectrometry (MS) allow the use of high resolution-accurate mass
(HRAM) Orbitrap mass analyzer to further explore and characterize the volatile
and semi-volatile compounds present in the disinfection by-product (DBP)
mixtures, providing the resolving power, mass accuracy, and sensitivity required
for these tasks. In this context, the main goal of the present work was o apply the
GC Orbitrap MS technology to characterize iodo-DBPs in chlorinated and
chloraminated DBP mixtures. To this end, chlorinated and chloraminated DBP
mixtures were generated from a reference aquatic natural organic matter (NOM)
solution, i.e., Nordic Reservoir NOM, fortified with bromide (500 ppb) and iodide
(50 ppb), and Llobregat river water, and analyzed with a GC-Orbitrap MS.
Iodo-DBP characterization was based on HRAM data and fragment
rationalization. The workflow applied allowed identification of up to 11 different
iodo-DBPs in the DBP mixtures analyzed, including one new iodo-DBP. Overall,
it could be also observed that iodo-DBPs were formed to a larger extent after
chloramination of waters; however, the type of NOM, in terms of aromaticity, and
the bromide and iodide content the water were found to be relevant factors
affecting the formation of these compounds during disinfection treatments.
Acknowledgments: CP acknowledges support from the EU 7th Seventh
Framework Programme (FP7/2007-2013) under grant agreement n° 274379
(Marie Curie IOF). This work has been financially supported by the Generalitat de
Catalunya (Consolidated Research Groups “2014 SGR 418 - Water and Soil
Quality Unit” and 392 2014 SGR 291 - ICRA) and by the EU’s FP7 under grant
agreement no. 603437 (SOLUTIONS). The EU is not liable for any use that may
be made of the information contained therein. [1] S.D. Richardson, M.J. Plewa,
E.D. Wagner, et al. (2007) Mutat. Res. 636, 178-242 [2] S.D. Richardson, F.
Fasano, J.J. Ellington, et al. (2008) Environ. Sci. Technol. 42: 8330-8338
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Do cytostatic drugs reach drinking water? The case of mycophenolic acid

H. Franquet, Environmental Chemistry; F. Ventura, IDAEA-CSIC; M. Boleda,
Aigues de Barcelona / Organic Chemistry Department; S. Lacorte, IDAEA-CSIC /
Environmental Chemistry

Mycophenolic acid (MPA) has been identified as a new river contaminant
according to its wide use and high predicted environmental concentration in the
river (PECiiyer). In Catalonia (NE Spain), its consumption ranged from 4.7 to 4.9
tons during 2010-2012, which represents 40% of the total drugs administered, and
the calculated PECiiy. was 77.4 ng L' [1]. Therefore, the aim of this study was to
monitor the impact of MPA in a drinking water treatment plant (DWTP) that
collects water downstream Llobregat River (NE Spain) in a highly densified urban
area. An UPLC-MS/MS method was developed and validated to quantify this
compound in water samples. During a one week survey MPA was recurrently
detected in the DWTP intake (17 - 56.2 ng L'"). The presence of this compound in
river water was associated to its widespread consumption, high excretion rates and
low degradability. As MPA was always detected after 7 consecutive days, its fate
in waters at each treatment step of the DWTP was studied and complete removal
was observed after pretreatment with chlorine dioxide. In addition, degradation
experiments were performed using ClO; at different concentrations and
degradation products were identified. MPA does not reach drinking water
considering the current treatments carried out in this particular DWTP. However,
its reiterative presence associated with its consumption in anticancer treatments is
of relevance to highlight the importance of monitoring this compound. [1]
Franquet-Griell, H., Gomez-Canela, C., Ventura, F., Lacorte, S.,2015. Predicting
concentrations of cytostatic drugs in sewage effluents and surface waters of
Catalonia (NE Spain). Environ. Res. 138, 161-172.

Pushing nanoparticle studies to the limit - working at
environmentally relevant concentrations and with complex
matrices (l)
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Detection and quantification of Carbon Nanotubes along the life cycle, using
a thermo-optical method

A. John, Institute of Energy and Environmental Technology IUTA eV / Air
Quality Sustainable Nanotechnology; M. Renker, Institute of Energy and
Envionmental Technology eV IUTA; B. Stahlmecke, Institute of Energy and
Environmental Technology IUTA eV / Air Quality Sustainable Nanotechnology;
T.A. Kuhlbusch, Institute of Energy and Environmental Technology e.V. - IUTA /
Air Quality Sustainable Nanotechnology; C. Nickel, Institute of Energy and
Envionmental Technology e.V. - IUTA / Air Quality Sustainable
Nanotechnology

Carbon nanotubes (CNT) are already used as additives to various structural
materials, due to their extraordinary thermal conductivity and mechanical and
electrical properties. A release during production, handling, usage, transport or
end of life seems possible. Therefore, the detection of CNT along the whole life
cycle in different compartments is very important to asses a potential risk for
human health and the environment. Depending on the application and release
mechanisms CNT may enter different environmental compartments in varying
concentrations. Thus, different requirements for the sample preparation and
detection have to be considered. One main challenge dealing with the detection of
CNT in the different environmental compartments is the high background
concentration of natural carbon based materials and the differentiation between
CNT and these materials. By using a thermo-optical method a differentiation
between different types of CNT and natural carbon based materials and CNT was
possible. For this, we adapted a thermo-optical carbon analysis which is routinely
used to determine elemental carbon from filters probed with e.g. ambient or
workplace air. This method determines total carbon (TC) and uses a specific
temperature protocol to fractionate TC into organic carbon (OC) during first
temperature steps in pure helium and elemental carbon (EC) during the second
temperature steps in a helium/oxygen atmosphere. For the detection of CNT an
established NIOSH5040-like protocol ,,quartz.par* was modified. Two additional
temperature steps were integrated in the low temperature EC section to achieve a
good differentiation between CNT and natural carbon based materials, like humic
acids. During this presentation results for different life cycle stages are presented,
starting with the release of CNT in air from products during mechanical stress, the
detection of CNT in water and soils, the uptake into organisms and the release of
CNT during incineration at the end of life. The results were generated within the
CarboLifeCycle project which was founded from the German BMBF, grant
03X0114D.
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The devil is in the details: Tomography to characterize nanoparticle-plant
interactions at low ppm exposure concentrations

F. Schwab, CEREGE / Interfast Transferts; A. Avellan, CEREGE; A. Turner,
Duke University; C. Santaella, CNRS/CEA/Aix-Marseille Université / Bioscience
and biotechnology Institute of Aix Marseille; J. Bottero, Labex
Serenade/CEREGE/Aix-Marseille Université; J. Rose, CEREGE / Interfaces
Transferts; C. Levard, CEREGE; M. Auffan, CEREGE / International Consortium
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for the Environmental Implications of Nanotechnology

The current understanding of the uptake processes of engineered (nano)materials
(ENMs) in plants strongly relies on two-dimensional visualizations of
(nano)particles in or on plant tissue, and quantitative analyses of plant digestates.
Most of these techniques require the plants to be exposed to very high ENM
concentrations (tens to hundreds of mg kg™), due to the highly complex
background matrix of plant tissue, and the low ENM uptake rates of many plants.
Such 2D visualizations and uptake concentrations provide valuable information on
the mechanisms of acute ENM toxicity, and on ENM affinity to plant tissue.
However, it is challenging to use 2D-imaging and digestate analyses to answer
questions on the extent and mechanism of internalization of ENMs, or on
ENM-plant interactions at environmentally more relevant, subacute exposure
concentrations in complex matrices. Therefore, we developed, tested, and
validated minimally invasive 3D X-ray micro- and nano-tomography
methodologies to semi-quantitatively analyze the nanoparticle distribution and
anatomical adaptations to the exposure of ENM in higher plants. Using Medicago
sativa and Arabidopsis thaliana, we studied the ENM distribution of
non-dissolving (-/+ nano-Au) nanoparticles. To broaden the understanding of the
physiological adaptations of the plants to the ENM exposure, 2D p-X-ray
fluorescence spectroscopy (WXRF) was used. The results show that plants exposed
to non-dissolving nano-Au, even at subacute concentrations in the low mg kg™
range, exhibited considerable anatomical changes and adaptations in M. sativa. In
A. thaliana, positively charged nano-Au accumulated in a greater extent
preferentially in the border cells of the root cap featuring negative functional
groups, and negatively charged nano-Au accumulated to a lesser extent in the
apoplast of exposed roots. These findings demonstrate the suitability of 3D X-ray
micro- and nanotomography for the analysis of ENM distribution in plant tissue at
low ppm exposure concentrations, confirm previous hypotheses about the
protective effect of root border cells against positively charged ENMs, and reveal
previously unknown changes of the root anatomy of agriculturally relevant
legumes upon ENM exposure. [1] Avellan et al. in preparation. [2] Schwab F,
Zhai G, Kern M, Turner A, Schnoor JL, Wiesner, MR. 2015. Barriers, Pathways
and Processes for Uptake, Translocation, and Accumulation of Nanomaterials in
Plants—Critical Review. Nanotoxicology early online 1-22.
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Overview of advanced data treatment techniques in spICP-MS using
Nanocount

G. Cornelis, University of Gothenburg / Department of Chemistry and Molecular
Biology

Single particle ICP-MS has grown fast in recent years as a technique to analyse
nanoparticles size and number concentration in particularly difficult samples and
at environmentally relevant concentrations. Much of the effort has been in
developing techniques for robust data treatment, which is required at different
stages to arrive from raw, time-dependent data to a particle size distribution
(PSD). The current work presents an overview of previously developed data
treatment techniques for particle/dissolved signal discrimination and nebulisation
efficiency. The techniques are compared with the FAST spICP-MS approach
discussing how such data can be processed and the limits of several approaches.
Moreover, a new drift correction procedure is presented, in which longer term
drift is corrected. Advanced data treatment techniques offer a number of
opportunities not available when using commercially available software preovided
by ICP-MS manufacturers. Most notably, reductions in false negatives and
positives are to be expected, which is especially relevant when measuring
relatively low particle numbers. However, the advanced techniques require much
user intervention in the form of expert knowledge, a situation that is probably
preventing their routine application.
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Optical nanoparticle analysis for size and shape at environmentally relevant
concentrations

S.R. Thompson; J. Yuan, University of York / Phyics; A. Boxall, University of
York / Environment Department

In recent years, environmental nanoparticle research has shifted away from
understanding the specific effects of specific nanoparticles on specific organisms
at unrealistically high concentrations, and towards more mechanistic studies
aimed at discovering the causes of nanoparticle toxicity rather than the effects, at
more environmentally relevant concentrations. One of the major challenges with
running these studies is the difficulty of confirming the state of nanoparticles once
they've been released into the system — at environmentally relevant concentrations
the only commercially available system capable of making such measurements is
a single-particle ICP-MS setup. This is large and non-portable, expensive, and
isn't capable of inferring much about the shapes of the particles it measures. We
present a novel optical scattering device, which can be built for under £5,000
(€7,000, US$7,500), miniaturised to fit inside a medium-sized suitcase, operated
in-situ using a laptop and an automotive battery, and which can take statistically
robust measurements of nanoparticles at concentrations 2 orders of magnitude
lower than current optical techniques, allowing it to rival detection thresholds in
current sp-ICP-MS setups. The system is also capable of taking simultaneous size
and shape measurements of nanoparticles.
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Single-particle ICP-TOF-MS provides elemental ratios on an individual
particle level for the identification of cerium oxide nanoparticles at
environmentally relevant concentrations

A. Praetorius, University of Vienna / Department of Environmental Geosciences;
A. Gundlach-Graham, E. Goldberg, ETH Zurich; W. Fabienke, University of
Vienna / Department of Environmental Geosciences; J. Navratilova, A. Gondikas,
University of Vienna / Environmental Geosciences; D. Guenther, ETH Zurich; F.
Von der Kammer, Vienna University / Department of Environmental
Geosciences; T. Hofmann, University of Vienna / Department of Environmental
Geosciences

Analytical methods to detect, quantify and characterise CeO, NPs in soils and
surface waters are urgently needed to assess environmental exposure and risk of
these materials. The main challenge in the detection of engineered CeO, NPs in
environmental matrices is the presence of natural Ce-containing minerals of
similar size range at concentrations several orders of magnitude above expected
levels for engineered CeO, NPs. A promising approach to identify engineered
CeO, NPs against the natural background is to take advantage of the different
element ratios of natural versus engineered Ce-containing NPs. For example, the
Ce to La ratio is expected to be relatively stable at about 2:1 in natural
environments, while engineered CeO, NPs show a Ce:La ratio of about 4000:1.
However, due to the much higher natural Ce-levels compared to engineered CeO,
NP concentrations in the environment, the sensitivity gained from the element
ratio alone is too low to yield any detectable results when performing
conventional bulk analysis on soil samples. We therefore have to move towards an
assessment of the elemental ratios on an individual particle level. We here present
a new approach, using a prototype ICP-TOF-MS instrument, coupling a
conventional ICP-MS with a time-of-flight (TOF) instrument, enabling the
simultaneous measurement of multiple elements at high time resolution. The
applicability of this method for the detection of engineered CeO, NPs in complex
samples is demonstrated on a series of natural soils spiked with different
concentrations of CeO, NPs. Our results show, that we can clearly differentiate
between Ce- and La-containing natural particles and Ce-only containing
engineered nanoparticles using the ICP-TOF-MS in single-particle mode.
Furthermore, a more advanced data analysis method based on a Machine Learning
approach makes it possible to improve our detection by establishing elemental
“fingerprints” of natural and engineered Ce-containing NPs based on 30 selected
elements. This provides a more reliable analysis, especially for particle signals
close to the detection limit. In this way we are able to confidently detect
engineered CeO, NPs at ppb concentration levels. The new method represents an
important advancement for the detection of ENPs in complex matrices at
environmentally relevant concentrations and can likely be applied to a wide range
of other ENPs in the future.
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Application of single particle ICP-MS for the detection of nanomaterials in
complex environmental samples

A. Gondikas, University of Vienna / Environmental Geosciences; F. Von der
Kammer, Vienna University / Department of Environmental Geosciences; J.
Navratilova, University of Vienna / Environmental Geosciences; A. Praetorius,
University of Vienna / Department of Environmental Geosciences; G. Cornelis,
University of Gothenburg / Department of Chemistry and Molecular Biology; M.
Tharaud, Institut de Physique du Globe de Paris, Sorbonne Paris Cité, Univ. Paris
Diderot; M. Hassellov, University of Gothenburg / Department of Marine
Sciences; T. Hofmann, University of Vienna / Department of Environmental
Geosciences

Regulatory efforts rely on nanometrology for the development and
implementation of laws regarding the incorporation of engineered nanomaterials
(ENMs) into industrial and consumer products. Therefore, advanced analytical
techniques combined with appropriate sample pre-treatment methods are
necessary for the isolation and analysis of nanomaterials in environmental
samples. Environmental nanometrology unavoidably deals with materials of
poorly-defined properties and in complex matrixes, in which nanomaterials may
undergo significant transformations. It is therefore imperative to develop
appropriate analysis protocols to understand the environmental dynamics of these
materials. Single particle inductively coupled plasma mass spectroscopy
(spICP-MS) has been suggested as a powerful tool for routine nanometrology
efforts. However, this technique is not yet developed to its full potential and
method development is required for different ENMs and natural systems. In this
work, we apply several spICP-MS methods for the detection of titanium dioxide
ENMs in natural surface waters and copper oxide ENM:s in colloidal extracts from
natural soil samples. In the former case we aim at overcoming the challenge posed
by high Calcium concentrations and the isobaric interference of **Ca isotope on
the most abundant **Ti isotope; although the natural abundance of the *Ca isotope
is relatively low (0.19 %) compared to “Tj (73.8 %), Ca concentrations in surface
waters are typically more than three orders of magnitude higher than Ti. In the
latter case we adjust a spICP-MS method on the detection of CuO ENMs in soil
colloid extracts, based on the characteristics of the soils. Overall, our work
demonstrated the great potential of spICP-MS for the analysis of ENMs in
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real-world environmental samples, while highlighting the limitations and
challenges for two case studies. TiO, ENMs were successfully measured in the
presence of high Calcium concentrations; however, this method is not able to
measure TiO, particles smaller than 80 nm. CuO ENMs were also detected in
spiked colloidal extracts; we choose a rather conservative approach for particle
detection with the goal of avoiding falsely identifying background signal as
engineered CuO NP particles. In this context, the need for comparing and
correcting detected particles spikes against the presence of false positive spikes is
also discussed.

Ecological traps for wildlife driven by pollutants

329
Eutrophic wetlands receiving effluents from wastewater treatment plants
may act as ecological traps for endangered waterfowl
R. Mateo, U.C.L.M.-C.S.I.C. / Instituto de Investigacion en Recursos Cinegeticos;
C. Gil, R. Guitart, Universitat Autonoma de Barcelona; A.J. Green, EBD-CSIC /
Wetland Ecology

Animals can select habitat according to characteristics of the environment that
correlate with better survival and reproductive success. In rapidly changing
environments, these natural preferences can become ecological traps if the
selected aspects of the habitat are accompanied with adverse environmental
factors that affect individual fitness. Pollutants can be one of the important drivers
of ecological traps nowadays. One of the potential scenarios that matches the
concept of ecological trap are the eutrophic wetlands receiving effluents from
wastewater treatment plants. These wetlands are highly productive and therefore
attractive for waterbirds, especially those feeding on aquatic invertebrates like the
white-headed duck (Oxyura leucocephala). These wetlands may also receive a
myriad of pollutants from urban and industrial sewage that can accumulate and
affect the ecology of the wetland and/or the health status of the waterbirds living
there. Here we discuss the potential effect of these ecological traps for the
white-headed duck and the marbled teal (Marmaronetta angustirostris), which are
globally endangered species under threat in their remaining breeding areas such as
Spain. The studied birds were marbled teals (n=28) and white-headed ducks
(n=12), but also the invasive ruddy duck (Oxyura jamaicensis) (n=13) and their
hydrids (Oxyura leucocephala x jamaicensis) (n=5) Organochlorine pesticides and
PCBs were measured in liver and adipose tissue samples after extraction with
hexane, clean-up with sulfuric acid and analysis by GC-ECD. Birds of the genus
Oxyura showed higher organochlorine levels than marbled teal, especially in
adipose tissue. No differences in organochlorine levels were found between each
Oxyura species and their hybrids, between geographical areas (Andalusia,
Valencia or Central Spain), by sex or by age. Several potential biotic (i.e.
pathogens) and abiotic agents (i.e. chemical pollutants) may drive negative
influences on the populations of endangered waterfowl through a mechanism in
eutrophic wetlands that can be defined as an ecological trap. In addition to the
mortality caused by botulism outbreaks and lead poisoning, white-headed duck
shows a low reproductive outcome that could be caused by pollutants accumulated
in the eutrophic lakes frequently selected by this species.
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Can POPs contaminated sites be ecological traps for top predators?

J.E. Elliott, Environment Canada / Science Technology Branch; C. Nelson,
University of British Columbia / Animal Science; D. Guertin; A.C. Huang, Forest
Conservation Sciences

Numerous contaminated sites are documented in North America and many other
parts of the globe. Among the main contaminants at such sites are legacy
persistent organic pollutants (POPs) such as PCBs and organochlorine
insecticides. Wildlife, including top-predatory birds and mammals may be
attracted to such sites as the habitat often appears suitable. In the process, species
such as river otters, can bioaccumulate POPs with potential consequences on
health and fitness. Previously we used fecal samples collected from river otter
communal marking sites (latrines)at the federal contaminated site of Victoria
Harbour, BC, Canada, reported levels of PCBs that exceeded 9 mg/kg lipid, a
published criteria for reproductive impairment in mustelids. Following up on that
study, we again used scats to show variation in PCB exposure in time and space,
and the population implications. In the present study again we used fecal sampling
but combined with radio-telemetry to further investigate the exposure and to infer
population level effects in river otters in that contaminated system. We also
examine the question of whether the harbour constitutes an ecological trap
situation. The implications of population structuring relate to the extent and
impacts of contaminant exposure based on where the otters spend their time
foraging and whether or not they are able to sustain a population in a
contaminated site environment.
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Are cities ecological traps for birds because of pollutants?

R. Scheifler, University of Franche-Comte / ChronoEnvironnement; J. Bailly,
University of Burgundy / Biogeosciences; N. BERNARD, University of
Franche-Comte / Laboratory of ChronoEnvironment; B. Faivre, University of
Burgundy / Biogeosciences
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Cities have higher temperatures, louder noise, lower parasite prevalence and
higher levels of pollutants than rural habitats. They are considered as ecological
traps because studies dealing with the impact of urbanization on bird fitness have
shown that breeding parameters are affected. Among the mechanisms that may
explain the responses of birds to urbanization, the impact of pollution has received
little attention although cities are characterized by the circulation of many
different pollutants. We hypothesized that NO, concentrations in the air and/or
concentrations of non-essential trace elements (TEs) in blood were positively
correlated to reduced reproductive outputs and/or nestling body condition in urban
populations of Great tits (Parus major) compared to forest ones, while
concentrations of essential elements in blood were negatively related to breeding
outputs and/or individual performances if their concentrations exceeded threshold
values or, on the contrary, if they did not meet physiological (homeostatic)
requirements. Two cities and two forests were studied in eastern France. Each site
received 150 artificial nestboxes that were inspected from March 20" to record
breeding success from 2012 to 2014. In 2013, passive NO, samplers were put on
nestboxes and the concentrations of 25 essential and non-essential elements were
determined in 13-day old nestlings. In urban sites, breeding success, nestling
growth rate and body condition were reduced. Atmospheric concentrations of NO,
significantly differed between the four sites but no significant correlation was
detected between NO, and biological parameters. Based on the results of a PCA
on metal concentrations, we used the coordinates on the first axis as an index of
richness in essential elements (REE), with negative values indicating high
concentrations in essential TEs, and positive value indicating low concentrations.
Brood body mass was positively correlated with REE. No other significant
correlation was detected between REE and biological parameters. Our study
brings new data about plasmatic concentrations of various essential elements in
birds from urban and forest habitats and their positive relation to nestling body
mass and condition. To our opinion, this is a clue to suggest that food availability
and/or quality may be a causal mechanism for a reduced growth of nestling birds
in urban areas, an issue that would need further investigations in urban ecology
and in ecotoxicology in general.
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Short-term and residual effects of pesticides on mosquito oviposition site
selection and larval performance, and on aquatic community structure

C. Duchet, Institute of Evolution / Department of Evolutionary Environmental
Biology; G.M. Moraru, University of Haifa / Department of Evolutionary
Environmental Biology; K. Saurav, University of Haifa / Department of Marine
Biology; A. Gershberg Hayoon, University of Haifa / Department of Evolutionary
and Environmental Biology; R. Shapir, University of Haifa / Department of
Evolutionary Environmental Biology; L. Steindler, University of Haifa /
Department of Marine Biology; L. Blaustein, University of Haifa / Depatment of
Evolutionary and Environmental Biology

Pesticides can have immediate toxic effects on targeted pest species as well as on
non-target species for broad-spectrum pesticides. Broad-spectrum pesticides may
also have positive effects on mosquitoes after the pesticide no longer has direct
toxicological effects by altering the community structure — i.e. by reducing
abundances of mosquito competitors and predators, and via a trophic cascade,
increasing food resources for mosquito larvae. Moreover, in some cases,
pesticides can act as an ecological trap for some taxa, attracting colonizer insects
to habitats that are ultimately lethal for them. The present study was undertaken to
assess mosquito oviposition habitat selection, mosquito larval performance and
community structure alterations after pesticide applications. The experiment was
conducted in outdoor mesocosms assigned to one of four treatments: (1) control —
no pesticides; (2) Bacillus thuringiensis israelensis, a mosquito larvicide
well-known for its selectivity for Nematoceradipterans; (3) temephos, a mosquito
larvicide of the organophosphate class; (4) pyriproxifen, a pyridine-based
pesticide of the Insect Growth Regulator (IGR) class. All three of these pesticides
have short activity periods. Invertebrates were sampled 2 days before treatments, 4
and 7 days after treatment and then, every two weeks for a period of 2 months.
Environmental parameters (water temperature, pH, conductivity, chlorophyll a)
were measured in every mesocosm on each sampling date. Mosquito oviposition
was monitored every 3 days. After applications, the number of egg rafts decreased
in all the treated pools, but remained stable in the controls. Species richness and
invertebrate abundance were also initially strongly reduced in the broad-spectrum
pesticides (temephos and pyriproxifen) when compared to both the control and to
the selective B. thuringiensis israelensis treatment, leading to an increase of
chlorophyll a concentrations. One month after the treatment, mosquito oviposition
was higher in the pyriproxifen-treated pools, in comparison to other treatments.
However, mosquito larval survival remained lower in pyriproxifen-treated pools,
even though pyriproxifen was not detected in the water samples 7 days after the
application. Our results suggest that pyriproxifen appears to provide an
ecological-trap, attracting mosquito oviposition due to altered community
structure (fewer antagonists and more algal resources) but causing high mosquito
larval mortality.
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Are treated seeds an ecological trap for birds?
A. Lépez Antia, Universiteit Antwerpen / Biology; J. Feliu, C.S.I.C; P.R.
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Camarero, U.C.L.M; M.E. Ortiz-Santaliestra, IREC; F. Mougeot, C.S.I1.C; R.
Mateo, U.C.L.M.-C.S.I.C./ Instituto de Investigacion en Recursos Cinegeticos
Due to reductions in winter food resources, newly sown cereal seeds have become
a key component of many bird species’ diet, but these seeds are often treated with
pesticides that may cause toxic effects. In order to complete an appropriate risk
assessment, data on treated seed toxicity need to be combined with information
about the risk of exposure of birds in the field. The aims of the present work are to
characterize the exposure of farmland birds to pesticide-coated seeds in the wild,
and to estimate the risk of poisoning of animals as a consequence of such
exposure. To do this we analysed crop and gizzard contents of hunted partridges
(n=189) to detect residues of pesticides used for seed treatment. Moreover, we
measured the contribution of cereal seeds in the winter diet of partridges in order
to assess the potential risk of exposure to pesticide-treated seeds. We also studied
the abundance of pesticide-treated seeds available for birds in the field (n=48), the
pesticides and their concentrations in these treated seeds, and the bird species that
feed on them. Seed availability was influenced by the sowing method and the
location within the field. Regardless of the sowing technique, there were more
seeds on the surface in the headland (43.4 + 5.5 seeds/m?) than in the field centre
(11.3 =12 seeds/m?) (t;51=-4.67, p<0.001). Six pesticides, mostly fungicides,
were detected in the seeds collected from recently sown fields. 55.2 % of the seed
samples contained detectable levels of pesticides, with tebuconazole being the
most frequently found active ingredient. During the sowing period, 31 species
were observed feeding on sown cereal seeds. We detected pesticide residues in the
digestive content of 32.3% of the analysed red-legged partridges, including
insecticides in a 3.7% of the analysed samples and fungicides in a 29.6% of them.
As observed in seeds, tebuconazole was the most frequently detected pesticide
(19.1% of the samples). Winter cereal seeds represented a 53.4% of the biomass
found in the digestive content of red-legged partridges. The present study
demonstrates that the use of pesticide-treated seeds constitutes an important way
of exposure of farmland birds to pesticides, and that there exists a potential risk
for these birds to suffer toxic effects from ingestion of treated seeds in the wild.
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Mange, anticoagulants, and felids: Investigating immune response to low
dose brodifacoum exposure

K. Horak; J. Kopanke, E. Musselman, K. Bennett, S. Vandewoude, Colorado State
University; S. bevins, United States Department of Agriculture / NWRC
Anticoagulant rodenticides are used worldwide to control pest rodents in urban,
suburban, and agricultural settings. This widespread use poses potential risk of
exposure to non-target species. A study of bobcats and mountain lions near Los
Angeles, CA detected a correlation between anticoagulant exposure and mange.
Exposure to brodifacoum has thus been proposed as a potential mechanism for
this effect in felids, though domestic cats have been shown to have high tolerance
for anticoagulants. More research is needed to determine potential effects of
brodifacoum that a cat would be exposed to by consuming non-target rodents. In
this study, cats were offered 0.05 mg/kg brodifacoum once per week mixed into
canned food and vaccinated with irrelevant antigen (ovalbumin, OVA) and
adjuvant starting at week 1, with booster injections on weeks 4 and 8 to test
effects of brodifacoum on recall antigen immune responses. Blood was collected
weekly beginning on day 0 to additionally assess PBMC proliferation following
exposure to ConA, KLH, and OVA. Whole blood was frozen for brodifacoum
residue determination. None of the cats exhibited any clinical abnormalities during
the study. Cats in both groups gained an average of 100g with no significant
weight differences between the groups at the conclusion of the study (control=
4.06+ 0.68 kg, brodifacoum= 4.08+ 1.16 kg). Cats did not show any overt signs of
anticoagulant intoxication for the duration of the study. Brodifacoum residue
levels were determined from liver biopsies taken on day 77. Brodifacoum residues
were 1806 ng/g in treated cats (stdev 105.7 ng/g) and not detected in control
subjects (LOD 5.8, LOQ 19.2 ng/g). Brodifacoum concentrations in blood were
determined weekly over the course of the study. Clotting times, as measured by
PT, between the control and brodifacoum groups were not significantly different
at any of the timepoints through week 6 post toxicant exposure. Delayed type
hypersensitivity tests were not significantly different between control and
brodifacoum dosed groups in the first three time points tested. Completion of this
investigation will assess gross impacts of environmentally realistic brodifacoum
exposure on humoral and cell mediated immunity against foreign antigen
exposures in domestic cats. Additional studies will need to be conducted to
determine if non-target exposure to brodifacoum could increase susceptibility to
potential pathogens. \n

An in silico modelling perspective to advance hazard
assessment of aquatic ecotoxicology
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Evaluation of currently available methods for determining log Kow values of
surfactants

G. Hodges, Unilever Research / Safety and Environmental Assurance Centre; J.
Adnett, Dow Chemical Company; B. Bossuyt, HUNTSMAN Europe bvba /
PEHS; A. Bouvy, Cefic; C.V. Eadsforth, Shell International / Shell Health; M.
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Enrici, SOLVAY / HSE PRA PS; M. Geurts, Akzo Nobel N.V./ EET; D. Miller,
Clariant GmbH; G. Oetter, BASF SE / Materials Physics and Analytics; P. Sun,
The Procter & Gamble Co.; J. Venzmer, Evonik

The n-octanol/water partition coefficient (log Kow) is a key parameter in
chemical environmental studies as it determines the environmental fate and
bioavailability and thus toxicity of a compound. Due to their unique properties,
measurement of log Kow values of surfactants is a technical challenge. The
traditional ‘shake-flask’ method (OECD 107) is no longer considered appropriate.
Here we compare log Kow values of surfactants were compared using a range of
existing experimental and predictive methods which have been used by lead
registrants in REACh phases 1 and 2. However, there are concerns that these
methods have not been fully validated for surfactants and may not be applicable
due to the specific phase behaviour of surfactants, leading to unreliable or
unrealistic values. This is complicated by the fact that the solubility is not properly
defined for surfactants since they will form a micellar phase above the Critical
Micelle Concentration (CMC) up to relatively high concentrations. In the light of
this, logKow values were generated for a select set of 12 surfactants. Side-by-side
comparisons of values derived using different experimental methods compared
against predicted values identified whether certain existing methods give similar
results for the same surfactants and recommendations made.
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New Mechanism of Action definitions based on Molecular Initiating Events
and a classification algorithm based on calculated structure properties.

F. Bauer, P. Thomas, KREATiIS; S. Neunlist, S. Fouchard, Université de
Haute-Alsace / Laboratoire de Chimie Organique et Bioorganique EA

A good understanding of Mechanisms of Action (MechoAs) and appropriate
methods to determine them is crucial for the efficient prediction of ecotoxicity
using in silico techniques. Different MechoAs will need different parameters or
different coefficients to calculate toxicity values. To date, several classification
methods, based on molecular structure analysis, exist to determine the Mode of
Action (MoA) in aquatic species. The most commonly used one in regulatory
ecotoxicology is the scheme proposed by Verhaar and co-workers (1992). The
MoAs defined according to this scheme are based on chemical group reactivity
and differences in logKow — logEC50 relationships. However, to be able to derive
accurate predictions of modes or mechanisms of action only from structure, a
classification is required that is based on Molecular Initiating Events leading to an
adverse effect. So we defined a new set of MechoAs, partly based on the work of
Russom and co-workers (1997). The approach used in Verhaar’s classification
algorithm has several limitations, and some classification errors were reported
(Ellison et al., 2015). This classification algorithm is indeed based on a decision
tree identifying 2D structural features that are recognised to lead to a certain MoA,
limiting its Applicability Domain. In the present work, an approach to define
MechoA for narcotics and beyond was applied using molecular modelling to
obtain calculated molecular parameters depending on the 3D structure, such as
E(LUMO) and qMaxH. A similar approach has already been implemented with
success for a limited set of chemical families (Asadollahi-Baboli, 2012; Schultz et
al., unpublished work). The results of this new algorithm coupled with the use of
more pertinent MechoAs were compared with those obtained with Verhaar’s
scheme, as implemented in ToxTree software, using a comparison dataset taken
from the literature (Ellison et al., 2015). With this new method applied to the
validation set, we obtained 79% correct classifications, 11% misclassifications,
7% of the substances fell in a zone where two possible MechoAs couldn’t be
differentiated and the remaining 3% where out of the Applicability Domain of the
algorithm. The same test applied to the Verhaar scheme with the same validation
set obtained only 48% correct classification, 14% misclassifications and as much
as 38% out of the Applicability Domain. Thus work on this new method will be
continued.
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Fragment Model to Predict the Rate of Hydrolysis for Organic Compounds
R. Kiihne, R. Ebert, G. Schiitirmann, Helmholtz centre for environmental research
- UFZ / Department of Ecological Chemistry

Hydrolysis as one of the key degradation processes in the environment is
considered to be important for a number of classes of organic compounds as
carboxylic acid esters and amides, anhydrides, epoxides, isocyanates and
isothiocyanates, carbamates, phosphate and thiophosphate esters, alkoxysilanes
and halosilanes, and halogenated hydrocarbons. However, the number of available
experimental data is rather limited. Computer models are a promising alternative
to overcome respective data gaps. The overall hydrolysis is a combination of the
reaction with neutral water molecules and acid and base catalysed degradation
reactions. These processes will take place to a different degree. Since the acid and
base catalysed degradation depends on the pH, the role of the individual processes
and thus the overall rate depend on the pH of the aquatic environment. A feasible
model approach is to express this rather complex system of reactions in terms of
simple pseudo-first-order kinetics. The reaction with neutral water is directly
addressed by a pseudo-first-order rate that is a constant for a given chemical and
temperature and independent of the pH. Acid and base rates are primarily derived
as pH-independent second-order rate constant and then transformed into
pseudo-first-order rates by application to a fixed pH and thus to given H* or OH
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concentrations. For the fixed pH the overall rate then can be calculated from the
combination of the individual rates. In the presented study, three independent
fragment models are being developed for the individual pH-independent rate
constants, and the overall rate constants are obtained by putting them together for
a particular pH then. The model is implemented and will be publically available
after its finalisation in the OSIRIS edition of the software system ChemProp (UFZ
Dpt. Ecological Chemistry 2015. ChemProp 6.3
http://www.ufz.de/index.php?en=6738). The training set consists of about 2200
compounds of all considerably hydrolysing compound classes. For ca. 670
substances, rates of the neutral reaction are available, and for the acid and base
catalysed reaction there are data for 750 and 1280 chemicals. The models
comprise ca. 75, 85, and 125 structural fragments for the estimation of the neutral,
acidic, and basic rate. The performance with respect to the overall rate is ca. 0.9
(squared correlation coefficient of regression). The reliability of the model and the
comparison to existing approaches will be discussed.
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Development of parameters to predict hydrophobicity and sorption of
non-ionic and anionic surfactants

J. Haftka, Utrecht University / Institute for Risk Assessment Sciences; J. Hammer,
University of Utrecht / IRAS; P. de Voogt, University of Amsterdam / IBED; J.
Hermens, Utrecht University / Institute for Risk Assessment Sciences
Octanol-water partition coefficients (K,y) are often used in environmental risk
assessment as a measure for hydrophobicity of organic contaminants to predict
bioaccumulation, toxicity, and sorption to soil. The K, value is therefore an
important parameter in predictive modelling of environmental fate and exposure
of organic contaminants. However, application of the K, value as a parameter in
predictive models for surfactants becomes problematic because of the amphiphilic
nature of surfactants. More knowledge about the environmental behaviour of
ionized and surface-active substances is therefore required to expand the chemical
applicability domain of the currently used predictive models. Sorption of
surfactants to polymer-coated fibres can be used as a measure of hydrophobicity.
In addition, retention on stationary phases used in liquid chromatography (e.g.,
C,s, HILIC or ion-exchange phases) can be used as a probe to simulate sorptive
interactions of surfactants with relevant environmental sorption phases (e.g.,
membrane lipids, organic matter, etcetera). The applicability of polymer phases
and selected stationary phases to determine the hydrophobicity of non-ionic and
anionic surfactants and to predict their bioaccumulation in aquatic organisms will
be explored in this study based on literature and experimental data from different
surfactant groups. The possibility of using such methods as a measure of
hydrophobicity will have important consequences for the regulatory evaluation of
surfactants within REACH and OSPAR. Results from this study show that
fibre-water sorption coefficients and capacity factors on a C;s phase show great
promise for the prediction of hydrophobicity of non-ionic and anionic surfactants.
These values that reflect differences in hydrophobicity can be correlated with
available data of bioaccumulation, toxicity or sorption. However, a single
parameter or a single polymer or hydrophobic phase will not be sufficient in
predictive modeling of sorption phenomena of surfactants to environmental
phases. Likely, a series of phases are needed that correspond with specific types of
interaction.
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Replacing Fish Acute Toxicity Tests by QSAR Predictions: How much is
realistic?

M. Nendza, Analytisches Laboratorium AL-Luhnstedt; M. Miiller, A. Wenzel,
Fraunhofer-Institute for Molecular Biology and Applied Ecology

Alternative methods like QSARs (quantitative structure-activity relationships) can
replace some (eco)toxicity testing in regulatory contexts (e.g. REACH). Complete
substitution of in vivo animal tests by in silico methods is, however, not realistic.
Reliable QSAR predictions from the octanol/water partition coefficient (log Kow)
are possible only for certain classes of chemicals, the so-called baseline toxicants.
Other chemicals that may reveal excess toxicity and/or act by specific modes of
action (MOA) require further assessments. For fish acute toxicity, we derived a
scheme to group chemicals as either baseline toxicants (= predictable by QSARs)
or as potential excess toxicants (= not predictable by baseline QSARs). This
scheme was tested with a new data set obtained with diverse fish species. Only for
baseline toxicants, it is possible to predict the fish acute toxicity with sufficient
accuracy from log K, and, hence, valid QSARs can replace in vivo testing. In
contrast, excess toxicants and chemicals not reliably classified as baseline
toxicants, require further in silico, in vitro or in vivo assessments. The stepwise
approach identifies baseline toxicants (true negatives) in a precautionary way, not
ignoring possible excess toxicants (true positives). At the same time, we tolerate a
certain fraction of false positives, i.e. baseline toxicants without specific effects
that may be tested instead of predicted. The way to replace many fish acute
toxicity tests by QSAR predictions takes 3 steps: First, we use a classification
scheme to discriminate between baseline and excess toxicants. Second, we apply
high quality QSARs that meet the requirements for regulatory acceptance to
replace in vivo fish acute toxicity tests for baseline toxicants with QSAR
predictions. Third, the remaining chemicals, i.e. excess toxicants and chemicals
not reliably classified as baseline toxicants, have to be assessed by further in
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silico, in vitro or in vivo methods. Application of the classification scheme to
identify potential baseline toxicants to a new heterogeneous data set obtained with
diverse fish species results in about 50% baseline toxicants, almost 30% excess
toxicants and nearly 20% compounds not classified. Thus, we can conclude that
replacing at least 50% of the fish acute toxicity tests by QSAR predictions is
realistic.
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Can we venture beyond experimental limits using HA-QSAR methodology?
P. Bicherel, P. Thomas, KREATiS

In aquatic ecotoxicology water solubility is considered a key parameter since it
provides an indication of how much of a substance can be available for uptake by
organisms. In general ecotoxicity of very hydrophobic substances are difficult to
measure. They are likely to not have reached equilibrium within the experiment’s
duration and it is often technically difficult to achieve accurate concentration
measurements. On the contrary no quantitative method is available to assess the
miscibility of very water soluble substances. QSAR/QSPR modelling is a
semi-empiric approach based on measured data. Their applicability domain tends
to be limited by the extreme values in the available dataset. In this presentation we
consider whether extrapolations beyond the data boundaries can be justified for
both miscible and very hydrophobic substances using High-Accuracy QSAR
models. On the hand, for “miscible substances” without any experimental
quantification of the solubility, the water solubility values predicted by the
HA-QSAR model are completely in agreement with the ecotoxicity values even if
they cannot be compared to experimental water solubility. At the other end of the
scale predicted QSAR values cannot be extrapolated beyond a recognised
solubility/log Kow cut-off value since acute tests are too short to reach equilibrium
for very hydrophobic substances. Thus, for certain QSAR models, it is not the
availability of the extreme datapoints in the dataset that determine the applicability
domain, but other factors such as equilibrium with the test duration that will
determine whether a substance endpoint value can be accurately predicted or not.

Mechanistic effect modelling for risk assessment: state of the
art, applications, use in a regulatory context and future
directions (1)
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Selecting mechanistic effect models for environmental risk assessment; the
link with protection goals and test protocols

T. Jager, DEBtox Research / Dept of Theoretical Biology

Virtually all frameworks for environmental risk assessment assess risks by
combining the results from an exposure and an effects assessment. Estimation of
exposure concentrations relies heavily on mechanistic fate models, but for the
effects side, in contrast, focus lies with toxicity testing and descriptive statistical
treatment of data. Mechanistic effect models do exist, however, and are gaining
increasing interest in a regulatory context. A wide range of effect models exists at
different levels of biological organisation (individual, population, community).
These models differ in their degree of complexity, in their underlying assumptions
about the biological and toxicological reality, in their ‘quality’ (as assessed from a
good-modelling perspective), and in their data requirements, making it impossible
to see the wood for the trees. The selection of the most appropriate models cannot
be performed in isolation. Model selection is best viewed in conjunction with two
other issues: the protection goals and the test protocols. The protection goals,
when explicitly formulated, will make it easy to select (or develop) useful models.
And subsequently, the useful models should guide the most efficient design for
toxicity testing. At this moment, the linkage between these three components
(protection goal, model selection and test protocols) is rather chaotic. Protection
goals defined in risk assessment regulations are too vague to be of much guidance,
models are often developed by modellers out of scientific interest, and existing
test protocols are generally quite useless to support parameterisation of
mechanistic models. For these reasons, environmental risk assessments needs a
more ambitious agenda to redesign the effects assessment, and that requires an
integrated evaluation of the three main issues. Model selection cannot be
performed by only considering the ‘quality’ of the models. Instead of focussing
too hard on model ‘quality’, we need to consider that the task of model selection
(or development of novel models) is intricately linked to the regulatory protection
goals and to the process of designing test protocols. In this contribution, I will
provide several example cases to demonstrate how these linkages might work out.
I hope that this contribution can help to streamline the fruitful integration of
mechanistic modelling into a regulatory setting.
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Optimizing experimental design for calibration of GUTS models

S. Charles, University Lyon 1 / Laboratory of Biometry and Evolutionnary
Biology; C. Albert, Eawag Swiss Federal Institute of Aquatic Science and
Technology; B. Goussen, University of York / Environment Department; T. Jager,
DEBtox Research / Dept of Theoretical Biology; S. Vogel, Eawag Swiss Federal
Institute of Aquatic Science and Technology; R. Ashauer, University of York /
Environment
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The General Unified Threshold model of Survival (GUTS) provides a theoretical
framework for analysing stressor effects on survival over time through consistent
model equations based on different assumptions about the stressor quantification,
the compensatory processes and the nature of the death process. In ecotoxicology,
stressors are toxicants characterised by a dose metric, e.g. the concentration in the
medium surrounding an organism or inside the organism, or by the damage
quantity they cause. The key GUTS feature is that mortality is estimated when the
dose metric exceeds a certain threshold. Several GUTS flavours can be derived
according to the assumption underlying the death process: (i) the threshold is
distributed within a population, and when exceeded, the individual dies
(individual tolerance, IT); (ii) there is one common threshold for all individuals,
and when exceeded, the probability to die increases (stochastic death, SD); (iii) a
unification of both previous assumptions (GUTS proper). While more realistic,
GUTS proper requires the estimation of one additional parameter. Because
environmental risk assessment of chemicals depends on robust estimates of GUTS
parameters, we investigated parameter identification for GUTS proper, in relation
to the experimental design of ‘short-term’ laboratory bioassays. In practice,
standard survival datasets generally do not contain enough information to estimate
all parameters of GUTS proper with sufficient precision. This is because a large
number of individuals is required to provide strong information on probabilistic
events. Hence, based on simulated datasets we identify appropriate experimental
designs suitable to estimate all parameters of GUTS proper with the best possible
precision. We show that datasets with a high number of animals per treatment
allow for parameter estimation of GUTS proper with reasonable accuracy and
precision. Moreover, increasing the number of animals or the duration of the
experiment substantially reduce the uncertainty around the median value of the
threshold. Nevertheless, general statements about optimisation for any chemical,
any species, any test duration and/or any exposure concentration profile remain
difficult. As take-home message, to the extent possible, we recommend not to use
fixed experimental set-up for GUTS analyses, but rather tailor dedicated designs
according to the chemical, the species and/or the research/regulatory question at
hand.
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Validation status of TKTD models: predictions of survival after time-variable
exposure to pesticides match observations, but not all details

A. Focks, Alterra Wageningen University and Research Centre / Environmental
Risk Assessment Team

TK/TD models are supposed to deliver relevant information for environmental
risk assessment of pesticides, especially for the extrapolation from toxicity
observed under constant laboratory conditions to survival under time-variable
exposure, as expected for realistic application scenarios. TK/TD models from the
GUTS framework describe the expected survival for a number of individuals
being exposed to chemical concentrations over time. These models are structurally
simple and consist of three or four equations for all species, and species- and
compound-specific information is captured by the model parameters. Standard
acute toxicity test results are often the only data being available for model
parameterisation and can be used to parameterize the individual tolerance and the
stochastic death survival submodels, using scaled internal concentrations as dose
metric. For an application in risk assessment, it is required to check the quality of
model predictions, or, with other words, to validate parameterised models for
specific combinations of compounds and species. This study presents validation
results for TK/TD models for some sets of species and compounds, including the
neonicotinoids imidacloprid, thiamethoxam and thiacloprid, the benzimidazole
fungicide carbendazim, the pyrethroid insecticide cypermethrin, and the
organophosphate insecticide and acetylcholine esterase inhibitors chlorpyrifos,
dimethoate and malathion, using models that were parameterised on standard
acute data and using observed survival of individuals under time-variable
exposure as validation data sets. The objective was to give an overview of the
validation status of GUTS models and to analyse the validation results for patterns
of prediction qualities across different compound classes and species. In short,
from the current results no obvious patterns in prediction qualities appear that
relate to specific models, species or compounds. Despite the goodness of fit of the
temporal dynamics is of limited quality for some datasets, the match of observed
and predicted survival at the end of the experiments is acceptable (shown in
presentation). This observation indicates that TK/TD models can be used to
reduce uncertainties in risk calculations for time-variable exposure time series, as
compared to ratio-based methods. Subtle patterns in survival can possibly only be
predicted when the model is being calibrated on survival data obtained from more
complex exposure scenarios
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Exposure specific species sensitivity - a toxicokinetic-toxicodynamic approach
A. Gergs, gaiac - Research Institute for Ecosystem Analysis and Assessment /
Department of Environmental Social and Spatial Change; R. Ashauer, University
of York / Environment; S. Augustine, Akvaplan-niva; A. Nyman, Euroean
Chemicals Agency; V. Poulsen, ANSES / French Agency for Food Environmental
and Occupational Health and Safety; T. Preuss, Bayer CropScience /
Environmental Modelling; P. van den Brink, Alterra and Wageningen University /
Aquatic Ecology and Water Quality Management Group; K. Veltman, University
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of Michigan / Department of Environmental Health Sciences; E. Zimmer,
IBACON GmbH

Currently in higher tier environmental risk assessment of chemicals, species
sensitivity distributions (SSD) are used to describe and to quantify differences in
sensitivity among species. When available for multiple species,
no-observed-effect-concentrations (NOECs) or ECx, (representing x% of an
affected population) usually derived from acute and chronic toxicity tests under
constant exposure, are being used to calculate SSDs. In turn, these SSDs are used
to extract 'safe’ community effect thresholds in the form of an HCS, i.e. the
concentration at which 5% of the species are affected. In current ERA practice, the
ratio of effect measures and exposure, such as the maximum predicted exposure
concentration (PECmax) or the time weighted average (TWA), are being
employed to characterize risk ignoring that, depending on environmental
conditions, the exposure concentrations are highly variable in space and time.
Mechanistic models, such as the General Unified Treshold model of Survival
(GUTS), take the process leading to an effect into account and can explicitly cope
with time variable exposure. We present the outcome of a GUTS workshop held
in March 2015 where species sensitivity distributions under time variable
exposure have been studied. Our results point towards an unrecognized problem
with the widely used SSDs and HCS5 values: they could depend on the exposure
pattern and differ a lot for exposures with the same time weighted average
concentration but different temporal profiles. By using GUTS to analyze and
compare species sensitivities, we can overcome the dependence of time and
exposure patterns, and extrapolate toxicity to other exposure scenarios.
Furthermore, we can develop a more thorough understanding of the underlying
toxicity mechanisms by quantifying organism internal toxicity thresholds in
conjunction with compensating processes.
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How to map ecological risk assessments of chemicals

B. Goussen, University of York / Environment Department; C. Rendal, A. Franco,
O. Price, Unilever / Safety and Environmental Assurance Centre SEAC; R.
Ashauer, University of York / Environment

The lack of ecological realism is widely recognised as a limitation in current
prospective chemical risk assessment, as is the failure of making variability
explicit and transparent. The integration of ecological scenarios with chemical
effect models to achieve quantitative ERA promises to increase ecological
relevance. Probabilistic environmental risk assessment (PERA) has been
suggested as a way to account for spatial, temporal, and environmental variability.
Probabilistic plots area new way of presenting ecotoxicological data whilst
accounting also for ecologically relevant parameters. They provide an indication
of the maximum population-relevant impact of an effect of interest (e.g. biomass
reduction) and the prevalence of this impact. Essentially they answer two related
questions: How strong is the effect? In how many locations will we see the effect?
We discuss some of the challenges and opportunities involved in bringing these
new concepts into everyday risk assessment for down-the-drain chemicals. One of
the key questions revolves around understanding the protection goal for
anthropogenic stressors in specific ecological scenarios, and indeed whether
certain scenarios require specific modified protection goals. Once the specific
protection goal has been established, a metric to suit both the specific ecological
scenario and protection goal needs to be defined and agreed. The selection of this
endpoint must be carefully considered as different options will lead to different
interpretation. We present a framework to integrate probabilistic approaches with
mechanistic effect models to assess variable chemical and environmental
scenarios. We present a hypothetical case study risk assessment for an ingredient
used universally in all laundry products across Europe and illustrate the potential
benefits of the framework. To do so, we use an individual based model integrating
a dynamic energy budget model to assess the potential impact of chemicals
associated with local environmental characteristics. We then map the outcomes
based on probabilistic plots and on potential policy makers’ decisions of the
maximal ecologically acceptable impact and the maximal prevalence of this
impact. This new framework has the potential to better present ecologically
relevant risk by using integrated biological endpoints and to aid more transparent
risk communication.

Application of a coordinated OMICS research program and
data into regulatory frameworks: case-studies and
perspectives
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SETAC Global Advisory Group OMICS: Cutting-edge science to solve real
world problems

A. Biales, U.S. EPA / National Exposure Research Laboratory; B. Campos,
IDAEA-CSIC / Environmental Chemistry; J. Colbourne, University of
Birmingham / Biosciences College of Life and Environmental Sciences; D.
Vidal-Dorsch, VDA LCS / Toxicology

Governments around the world are passing new legislation to regulate chemical
substances considering their potential impacts on both human and environmental
health. These are critical and complex rules, designed to better ensure public
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safety, a healthy environment and functioning ecosystems. However, there are
huge scientific and logistical constraints in determining risks for an
ever-increasing number and diversity of products introduced to markets. Standard
operating procedures for toxicity testing are typically prescriptive and have not
fundamentally changed, being too expensive and time consuming to keep pace
with requirements.To fully implement these policy directives, we require equally
novel, revolutionary and coordinated scientific approaches that are rapid, cost
effective, and consistent with global ethical standards for the treatment of
animals.A proposed solution is to apply OMICS approaches. Key questions that
arise include the reliability and cost of these and the extent to which OMICs
measurements can be tied to mechanisms of toxicity and adverse outcome
pathways.Following several activities/discussions organized within SETAC in the
last decade, the Global Advisory Group OMICs (OMICs AG) was recently being
established. Here, we will be rolling out the mission, objectives and goals we
propose to reach and how we plan to achieve them.The OMICs AG will provide
a platform for discussion, and a means of raising awareness among stakeholders.
To do this, we plan to coordinate dialogue in the community in order to further
improve and standardize the information generated by scientists making it usable
by decision makers, facilitating the innovation of ethical and cost-effective testing
procedures. In the short and long term, this AG wants to be a key player in a
global dialog, cementing a leading role for SETAC scientists while fostering
ongoing discussions about how to proceed on a scientific level to maximize gains
for industry and policy makers around the world.We want to take this opportunity
to invite the community to join this discussion and contribute to a better
environmental and human protection without jeopardizing our need for
development and industry high rate of “responsible innovation”. We believe that
only an open and honest dialogue among environmental risk assessors, academia,
industry, regulators and legislators coupled with shared understanding of each
other needs will be able to bring the environmental protection to a good point.
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Molecular toxicology approaches to address the adverse outcome pathway
for narcosis toxicity using Caenorhabditis elegans and the RTgill cell line as
model systems

E K. Brockmeier, University of Liverpool / Functional and Comparative
Genomics; P. Antczak, University of Liverpool / Institute of Integrative Biology;
G. Hodges, E. Butler, C. Rendal, Unilever / Safety and Environmental Assurance
Centre SEAC; S. Gutsell, Unilever / SEAC; F. Falciani, University of Liverpool /
Institute of Integrative Biology

Narcosis, or baseline toxicity, is a toxic mode of action predicted by QSAR
analysis to occur in over 70% of industrial chemicals. However, there is currently
no clear understanding of the mechanism of toxicity for these types of chemical
stressors. Hypotheses include impacts on the electron transport chain, impacts on
calcium signaling via the sarco/endoplasmic reticulum calcium ATPase, and an
overlap with the mechanism of analgesic chemicals, which also act via a
reversible and membrane-based mechanism. While our group has developed
insights into potential genes and pathways of interest using computational biology
approaches, we are also directly analyzing physiological responses. The objective
of this project is to use C. elegans as a model organism for evaluating responses to
narcosis stressors on a non-transcriptional level. Based on results from our
transcriptomics experiments, we hypothesize that genes related to collagen
structure and oxidative phosphorylation may have a role in the toxic responses
elicited during narcosis. To evaluate this hypothesis, we conducted follow-up

experiments to validate the role of these genes and pathways in narcotic responses.

We validated gene expression of the collagen protein gene col-19 in C. elegans as
being differentially expressed between polar and non-polar narcotics (one-way
ANOVA, p <0.0001). The role of this gene in narcosis toxicity responses (e.g.
LC50) will be assessed using RNA interference (RNAi) approaches, where col-19
will be selectively knocked out followed by exposure to a panel of polar and
non-polar narcotic chemicals. Based on results collected from a separate study in
Daphnia magna, we are also using this approach to address the role of the C.
elegans calcium ATPase (sca-1) by knocking down the function of this gene and
comparing LC50 responses. We also directly address the impact of narcotic
exposure on calcium signaling and oxidative phosphorylation using cell imaging
and the Biosciences XF24 platforms respectively. These tools enable us to
determine the physiological impacts of narcotic exposure. These physiological
data will be linked to our transcriptomics and metabolomics data sets, as well as
with parallel studies using the in vitro model RTgill cell line, in order to develop a
robust adverse outcome pathway for narcosis toxicity and for incorporating this
information into improved screening and assessment of chemical risk for this class
of compounds.
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Network analysis of gene expression profiles identifies gene networks driving
changes in reproduction: a case study in Daphnia exposed to different binary
mixtures.

J. Asselman, Ghent University / Laboratory for Environmental Toxicology and
Aquatic Ecology GhEnToxLab unit; M. Pfrender, University of Notre Dame /
Biological Sciences; J.A. Lopez, University of Notre Dame / Department of
Biological Sciences; K. De Schamphelaere, Ghent University (UGent) /
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Laboratory for Environmental Toxicology and Aquatic Ecology GhEnToxLab
unit

Over the last decade, molecular technologies have evolved into robust high
throughput platforms yet implementation of these technologies in ecotoxicology
and risk assessments remains difficult and is limited to small datasets. As a result,
knowledge of stress responses and mechanisms of toxicity across stressors and
particularly mixtures remains limited. Here, we report the use of high throughput
microarrays to study 48 binary mixture combinations of cyanobacterial stress and
insecticide contamination to Daphnia. We identified gene networks that correlated
significantly with changes in reproduction in D. pulex. These gene networks were
diverse in size and function and could be represented by a small subset of 10 core
or hub genes. This suggests that (1) only a limited number of genes is driving
expression patterns that correlate with reproduction at the organismal level and (2)
these limited subset of genes can be divided into several independent gene
networks. The results highlight the potential of network analysis in combination
with high throughput molecular data for environmental risk assessment.
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Developmental neurotoxicity assessment of chemical exposure in children:
weight of evidence approach using in vivo behaviour, metabolomic and
proteomic studies

P. Leonards, VU University, Institute for Environmental Studies / Institute for
Environmental Studies IVM; S. Tufi, VU University Amsterdam Institute for
Environmental Studies; M. Llansola, B. Gomez-Gimenez, Centro de Investigacion
Principe Felipe; S. Jung, Proteome Sciences; V. Felipo, Centro de Investigacién
Principe Felipe

Worldwide, serious concern has arisen about the increased incidence of learning
and developmental disorders in children. From a scientific point of view, there is
no doubt that exposure to neurotoxic chemicals during early brain development
can adversely affect learning and development. Various recent epidemiological
studies have indicated that exposure to low doses of environmental biologically
active contaminants (e.g. pesticides) during human development can have
deleterious effects on cognitive development in childhood. The European
commission-funded project DENAMIC "Developmental Neurotoxicity
Assessment of Mixtures in Children" investigates neurotoxic effects (e.g. learning
and developmental disorders) of low-concentration mixtures of pesticides and a
number of common environmental pollutants in children. We focus on
(subclinical) effects on learning (cognitive skills) and developmental disorders in
children (e.g. ADHD, autism spectrum disorders and anxiety disorders). The aims
are to develop better and sophisticated tools, procedures and testing methods to
screen compounds for (developmental) neurotoxicity, and to improve our
understanding of chemical exposures and the observed effects
(www.denamic-project.eu). As part of the project, a new alternative assessment
strategy based on a combination of in vitro, in vivo assays, omics, and human
exposure assessment is under development in order to prioritize compounds, and
to further investigate the pathways and mechanism involved in disorders and
diseases. The final aim of DENAMIC is to reduce effects of environmental
contamination on learning and developmental disorders in children. In the current
study, a weight of evidence approach is followed to improve our understanding of
the underlying molecular mechanisms of observed effects on behaviour and
cognitive function of various pesticide exposure in rats using metabolomics and
proteomic studies.
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Potential and Limitations of Comparative Genomics for Predicting
Pharmacological Effects of Pharmaceuticals in Fish

L. Gunnarsson, University of Exeter / Biosciences; E. Kristiansson, Chalmers
University of Technology / Department of Mathematical Statistics; T. Osterlund,
Chalmers University of Technology / Mathematical Sciences; S. Owen,
AstraZeneca / Safety Health Environment; J. Snape, AstraZeneca UK Ltd. /
AstraZeneca Global Environment; C. Tyler, Biosciences College of Life and
Environmental Sciences

Identification of orthologous genes is an important step in the assessment of
evolutionary conserved functions. Within the field of (eco)toxicology, information
regarding orthologous relationship holds promise to predict conserved, chemical
induced, mode of action (MoA) across species and thus help to guide the selection
of appropriate test species for further testing. We have started to explore the
potential and limitations of such an approach by analysing orthologous
relationships between human drug targets (466) and corresponding proteins in
more than 40 vertebrate genomes, including 13 species of fish (11 teleosts). We
have previously shown that ~ 85% of the human drug targets are conserved in
fish. A growing number of publications comparing pharmacological effects and
therapeutic concentrations in humans to internal concentrations and
pharmacological effects in fish provide support for ortholog detection as a strategy
to inform extrapolations of effect data across species. It is more challenging
however to identify species and taxa that are lacking orthologs and/or effects. To
address this question we focused our predictions on the identification of drugs that
are lacking pharmacological effects in fish. We have analysed predic