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SOCIETY OF ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY

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

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

The Society is concerned about global environmental issues. Its members are committed to
Environmental Quality Through Science, to timely and effective communication of


mailto:setaceu@setac.org

research, and to interactions among professionals so that enhanced knowledge and
increased personal exchanges occur. Therefore, SETAC publishes two globally esteemed
scientific journals and convenes annual meetings around the world, showcasing cutting-
edge science in poster and platform presentations. Because of its multidisciplinary
approach, the scope of the science of SETAC is broader in concept and application than that
of many other societies.

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

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

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

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



Keynote abstracts

Keynote Sunday

Responsible Research and Innovation (RRI) - a Path towards Sustainability?
Roger Strand, University of Bergen, Centre for the Study of the Sciences and the
Humanities, Norway

Responsible Research and Innovation (RRI) is a cross-cutting principle of EU’s
research funding programme “Horizon 2020”. Indeed, in Rome 2014, scientists and
policy-makers jointly produced the “Rome Declaration on RRI in Europe”, that
states that “excellence today is about more than ground-breaking discoveries — it
includes openness, responsibility and the co-production of knowledge”. The
principle of RRI acknowledges that civil society is entitled to “speak back” to
science and help shape the knowledge and technology of tomorrow in an ethically
acceptable and sustainable direction.

What does RRI entail in practice, for researchers, innovators and policy-makers?
How could RRI principles, indicators and practices help to pick up more early
warnings to avoid costly late lessons from unfortunate impacts of science and
technology? The lecture will present the conceptual basis of EU’s RRI policy.
Specifically, a full appreciation of RRI depends on a theoretical understanding not
only of risk, but also of decision-making under uncertainty, ignorance and
indeterminacy.

Keynote Monday

Food Safety in a Complex Changing World

Bernhard Url, EFSA, ltaly

EFSA provides independent scientific advice on all matters related with food and
feed with a direct or indirect impact on human, plant and animal health.

Effects on the environment are also considered as they may pose an indirect risk to
food and feed. EFSA takes into account environmental risk assessment in its
assessments of the application of plant protection products, the deliberate release
into the environment of GMOs and the use of certain substances in food and feed
(e.g. feed additives). EFSA also assesses the environmental risks related to the entry
and spread of invasive alien species harmful for plant health.

EFSA is looking into the future, keeping up with a rapidly evolving and globalised
world, characterised by dramatic environmental and other global changes (e.g.
economic, political social, and technological) and an exponential growth and
availability of data. These set new opportunities and challenges to the assessment of
risks to both the environment and food safety and can drive their (re)emergence. In
this context, EFSA is reviewing the methodologies for risk assessment and for the
identification of emerging risks within its remit.

Predictive modelling tools based on holistic approaches for environmental risk
assessment in realistic landscapes and under different scenarios of multiple
stressors are being developed. Approaches considering the complex interactions
and dynamics between the different food system actors, their behaviour and
external drivers are proposed as tools useful for long term anticipation of emerging
risks. Expert knowledge elicitation, horizon scanning, and crowdsourcing are being
explored as tools to broaden participation, strengthen engagement of all relevant
stakeholders and manage interconnectivity, in application of principles of resilience
thinking.

Environmental quality and food safety are strongly intertwined. They need to be
considered together when aiming toward the achievement of sustainable
development goals. Consistent approaches for scientific assessment and data
management need to be developed, integrating also societal, technological and
economic drivers to effectively cope with the dramatic global changes and the data
revolution we are observing.

Keynote Tuesday

Innovative Research Issues in Environmental Mutagenesis

Eugenia Dogliotti, Istituto Superiore di Sanita, Department of Environment and
Health, Italy

During the 1920s, mutation research was put on a firm basis by H. J. Muller, who
developed the concept of “mutation rate” and devised quantitative techniques for its
measurement. These techniques allowed the discovery of the mutagenic action of
ionizing radiation and paved the way for the pioneering work of C. Auerbach on
chemical testing, starting with mustard gas. Since that time the recognition of the
multitude of possible sources of mutagenic insults promoted the development of the
science of environmental mutagenesis. Today the mechanisms by which chemicals
induce mutation and the role of genetic susceptibility in the response to
environmental mutagens have been largely explored. Moreover, a battery of test
methods is available for regulatory purposes. What are the current challenges in
environmental mutagenesis? New techniques for mutation research have been
developed. The “omics” technologies such as whole genome sequencing,
epigenetic profiling, transcriptomics, proteomics and metabolomics have provided
a snapshot on the effects of genetic polymorphisms, gene regulation, protein
synthesis and stability, metabolic pathways in the control of cell function. This
presentation will describe: 1) the successful identification of the mutagenic
environmental agents underlying certain types of cancer by using whole genome

sequencing; ii) the evidence that epigenetic alterations mediate toxicity from
environmental chemicals and, iii) the use of the exposome approach, that comprises
all environmental exposures that a person experiences from conception throughout
the life course, to unravel complex gene environment interactions that affect disease
risk.

Keynote Wednesday

The Environmental Dimension of Antimicrobial Resistance: Assessing and
Managing the Risks of Anti-infectives

Jason Snape, AstraZeneca Global Safety, Health and Environment, UK
Antibiotics are vital in the treatment of infectious disease in both livestock and
human health and they are entering the environment continuously. In freshwaters
antibiotics can reach concentrations up to mg/L, but more commonly they occur in
the low to sub pg/L range. They selectively target bacteria and thus there is an
increased likelihood for impacts on environmental bacteria populations at levels
well below that for effects on aquatic vertebrates. However, current environmental
risk assessment (ERA) frameworks of antibiotics, as required by the European
Medicines Agency guidelines 2006, adopts the use of one species of cyanobacteria
only to represent all bacterial diversity. The activated sludge respiration inhibition
test (ASRIT), used to identify risk to microorganisms in sewage treatment plants
has also been proven to be insensitive for antibiotics. Thus, there is concern that
the ERA for antibiotics does not fully consider their potential impacts on microbial
community structure, function and resilience. In addition to the risk posed to
ecosystem function there is a global concern on antimicrobial resistance (AMR)
development and the associated risk to human health. It has been proposed that the
risk of AMR development in the natural environmental should be included in ERA
but there is currently no standard experimental methodology or framework to
address this. Recently, a theoretical approach that makes use of minimum inhibitory
concentrations (MIC) of clinically relevant bacteria (CRB; using the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) database) has been
proposed to predict no effect concentrations (PNEC) for AMR development
(PNECR). To help define science-based protection goals for antibiotics for use in a
prospective ERA frameworks and to define safe discharge concentrations for
antibiotic production and patient use this presentation will review the publicly
available aquatic ecotoxicity data for antibiotics to assess the following: 1) the
relative sensitivity of commonly used taxa in aquatic ecotoxicity to antibiotics; 2)
the value of extending the toxicity testing to a more diverse range of bacteria
species and: 3) how a PNECR relates to the PNEC derived for surface waters
(PNECSW) using standard ecotoxicity testing. This presentation will describe (i)
the output of this analysis of protection goal data and (ii) how the wider
pharmaceutical industry are addressing concerns with antibiotic residues associated
with manufacturing operations.
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Platform Abstracts

Modelling and monitoring of pesticides fate and exposure in a
regulatory context (I)

1

The SETAC DRAW workshops - aims, approaches and progress to date

N. Mackay, FMC Corporation / Environmental Modelling; A. Alix, Dow
Agrosciences / Risk Management; G. Azimonti, ICPS; A. Chapple, Bayer Crop
Science AG; P. Miller, Silsoe Spray Applications Unit Ltd; K.M. Nienstedt,
European Commission - DG SANCO / PPR; C. Pickl, Federal Environment
Agency; T. Wolf, Agrimetrix Ltd.

In order to develop a more complete understanding of spray drift to improve the
regulatory basis for representation in risk assessments, a set of SETAC workshops
known as DRAW (Drift Risk Assessment \Workshops) are underway to facilitate a
range of efforts: Assemble and interpret a database of the spray drift trials for boom
sprayers; Develop a programme of trials to more fully characterise drift influences;
Use this information to develop proposals for standardized protocols for drift
characterization in the field Develop an enhance role for mathematical modelling as
a higher tier risk assessment option; and Expand and reinforce the toolbox of
regulatory risk mitigation measures. This presentation will focus upon; Database
development and study design The workshop database currently comprises 56,001
data points from a wide range of studies, providing a rich, complex basis for
supporting a range of different research and regulatory efforts. Because of the
variation in study designs and the consequent difficulties with interpretation there is
a clear motivation to develop a more detailed and tightly defined protocol to support
future research efforts. This presentation will summarise the database and efforts to
develop and test a protocol to support further research efforts. Modelling Options
for developing an expanded role for modelling of drift profiles have focussed upon
evaluations of two models that have been used within a regulatory context in the
EU; IDEFICS and the SSAU Arable Crop Spray Drift Model. This presentation will
report on model assessment efforts, potential future improvements in process
representation and consider options for regulatory scenario development.
Flexibility in risk mitigation An earlier workshop (SETAC MAgGPIE) compiled a
toolbox of risk mitigation measures in use in Europe and recommended
development of communication tools to support broader and more effective
implementation and encourage certification and testing harmonisation. This
presentation will summarise the efforts underway in SETAC DRAW to realise
these objectives through the creation of a platform to support exchange on
scientific, technical, professional, and legislative or regulatory aspects of the
toolbox, to further develop its accuracy and effectiveness
(https://www.spraydriftmitigation.info/).

2

Plant uptake in regulatory environmental exposure assessment: Refined
modelling based on experimental data

C. Schriever, BASF SE; Z. Gao, Bayer AG Crop Science Division; M. Lamshoeft,
Bayer CropScience AG / R&D; M. Reitz, H. Resseler, Syngenta Agro GmbH; R.
Sur, Bayer AG - Crop Science Division / Environmental Safety; P. Sweeney,
Syngenta; P. Volz, BASF SE; S. Webb, Syngenta Ltd; B. Zillgens, Dupont GmbH
A novel study design to determine plant uptake of chemicals for environmental fate
modelling was developed and tested in a tiered approach. Ten laboratory
organizations with different levels of experience with uptake testing participated in
a round robin test and studied uptake of [14C]-1,2,4-triazole by wheat plants.
Afterwards, uptake of ten radiolabelled chemicals with various properties by
potato, tomato or wheat plants was investigated in two laboratories. The findings
showed acceptable inter-laboratory variability and proved the applicability of the
design to various compound/crop combinations. Experimental Transpiration
Stream Concentration Factor (TSCF) values were higher than calculated values,
implying that the equation of Briggs et al. (1982) underestimates plant uptake of
compounds with logKow values of less than 2. Results obtained with this study type
are suggested to be used for regulatory environmental exposure assessments. These
schemes are usually based on a tiered approach, where modelling with refined
model parameters is one of the higher tier options. One example is the plant uptake
factor that is considered e.g. in the course of the leaching assessment according to
FOCUS Groundwater. Consideration of plant uptake (dissolved compound mass is
taken up into plants with the soil porewater) decreases compound mass in soil and
can lead to more realistic predicted environmental concentrations. Recent guidance
proposes a default uptake factor of 0 for modelling and suggests two refinement
options: TSCF values calculated from the logKow of a substance (Briggs et al.,
1982) and the substance specific TSCF value from “uptake experiments with
appropriate and agreed set-up to be developed” (EFSA, 2013; EU Com, 2014). The
presented study design was explicitly developed to address the need identified by
EFSA and was based on suggestions from the EUregPUF workshop (York, 2013)
where participants from academia, authorities and industry met to establish an up to
date understanding of plant uptake science. Lessons learned from the testing and
continuous exchange with academia and authorities facilitated optimisation of the

study design. The current version of the study design is considered appropriate to
produce reliable data on plant uptake to be used as input for refined exposure
modelling. An explicit guidance, however, on how to integrate the requested study
design into the regulatory process is still lacking.

3

Work of a SETAC Group to Develop the Scientific Basis for Guidance for
Regulatory Groundwater Monitoring of Crop Protection Products and their
Metabolites in Europe

R.L. Jones, Bayer AG Crop Science Division / Environmental Safety; A. Gimsing,
The Danish Environmental Protection Agency / Pesticides and Gentechnology; J.
Agert, Bayer CropScience AG / Environmental Safety; N. Baran, BRGM; A.
Boivin, ANSES; F. Ferrari, AEIFORIA; R. Gibson, Health and Safety Executive;
L. Hammond, Health and Safety Executive / Environmental Fate; F. Hegler, Dr.
Knoell Consult; W. Koenig, UBA Umweltbundesamt; J. Kreuger, Swedish
University of Agricultural Science / Centre for Chemical Pesticides; T. Van der
Linden, RIVM / ENVIRONMENTAL QUALITY; D. Liss, SGS Institut Fresenius
GmbH / Agro; L. Loiseau, Syngenta; A. Massey, Health and Safety Executive; B.
Miles, BASF SE / Crop Protection, Environmental Fate Modelling; L. Monrozies,
SCE; A. Newcombe, ARCADIS US Inc; L. Padovani, European Food Safety
Authority (EFSA); A. Poot, Ctgb; G.L. Reeves, Dow AgroSciences Ltd; S.
Reichenberger, DR. KNOELL CONSULT GmbH; A.E. Rosenbom, Geological
Survey of Denmark and Greenland / Geochemical; H. Staudenmaier, BASF SE /
Crop Protection, Environmental Fate; R. Sur, Bayer AG - Crop Science Division /
Environmental Safety; A. Schwen, AGES; M. Stemmer, Austrian Agency for
Health and Food Safety / Institute for Plant Protection Products; W. Tiiting, German
Federal Office of Consumer Protection and Food Safety; U. Ulrich, University of
Kiel

Groundwater monitoring is considered a higher tier assessment in the regulatory
groundwater assessment of crop protection products in Europe, but little guidance
has been provided to date on study designs. The SETAC EMAG-Pest GW group (a
mixture of regulatory, academic, and industry scientists) in 2015 began developing
the scientific basis for guidance for use by regulators and industry scientists. Rigid
study designs are not appropriate since the study design needs to be tailored to the
specific study objectives and should consider environmental conditions, the
properties affecting environmental behaviour of the substance being studied, and
site and use conditions. To illustrate how study design can vary, the group has
proposed general study designs for seven hypothetical exposure assessment
options, ranging from protecting all zones of saturation below the soil surface to
only groundwater used to supply drinking water. Designs include recommendations
on in-field and edge of field studies, as well as studies focused on catchments and
aquifers. Examples of potential designs and recommendations on the use of
publically available monitoring data have also been included. Also general
recommendations on well installation and sampling procedures have been
provided. Methodology has also been developed for assessing the relative
vulnerability of agricultural regions and the vulnerability of specific sites for use in
study design and site selection. The work of SETAC EMAG-Pest GW is still in
progress but the goal is to finish by mid-2018.

4
Effect of the Freundlich exponent on the finite penetration depth in a
homogeneous Freundlich-SFO leaching system

J. Boesten, Wageningen Environmental Research

All models used in the EU pesticide leaching assessment since 2000 (PELMO,
PEARL, PRZM and MACRO) are based on a Freundlich isotherm combined with
single first-order (SFO) degradation of the pesticide concentration in total soil.
Thus, this is one of the cornerstones of the EU regulatory leaching assessment. This
assessment is based on the FOCUS groundwater scenarios which use weather series
of tens of years and include crop development and heterogeneous soil profiles. The
sensitivity of the FOCUS leaching concentration (evaluated at 1 m depth) to the
parameter describing the curvature of the Freundlich isotherm (i.e. the Freundlich
exponent N) as derived from simulations with these models shows a sharp decline
with decreasing Freundlich exponent with the concentration going down to a
submolecular level. This is counterintuitive and difficult to understand.
Explanations may be found by studying a simplified version of these sophisticated
models, i.e. a assuming a homogeneous soil profile with pesticide properties that
are constant with depth and assuming a constant water flow rate and a constant
volume fraction of water (further called ‘simplified Freundlich-SFO system).
Previously it was shown that a pulse of pesticide applied at the soil surface in this
simplified system has a finite leaching depth beyond which no pesticide molecule
will every pass. Simulations on the effect of N for a few FOCUS groundwater
scenarios were compared to this effect on the percentage leached with this
simplified model and qualitatively these effects were found to be similar. Next it
was shown that this finite penetration depth after infinite time in the simplified
Freundlich-SFO system increases slowly when N increases from 0.5 to about 0.85;
however, when N approaches 1, this finite penetration depth goes to infinity. This
was expected because this finite penetration depth does only occur in a system with
a Freundlich isotherm and not in a system with a linear isotherm. It was checked by
inspection of a concentration profile of one of the FOCUS groundwater scenarios
that these scenarios also show a finite penetration depth for low N values at the end
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of the simulation period.

5

Bespoke monitoring to support Tier 4 FOCUS groundwater assessment

S.L. McManus, Syngenta; S. Payvandi, Syngenta Ltd; P. Sweeney, Syngenta; L.
Fish, Sygnenta Crop Protection, LLC / Environmental Safety; R.J. Andrews, D.
Schofield, Ramboll Environ; J. White, ARCADIS UK; N. Jones, Syngenta Ltd; G.
Langridge, CEM Analytical Services Limited; T. Oteyza, Syngenta Crop Protection
AG; M. Greener, Syngenta Ltd

Data generated from this bespoke groundwater monitoring programme will offer a
solution to address the non-relevance case of pinoxaden metabolites from an
exposure side. Median modelled mass flux was determined using GeoPEARL 3.3.3
simulations over 20 years which represent vulnerability to leaching across the
EU27 under standard conditions. These data were aggregated to a 10km? level and
combined with a shallow groundwater dataset and a cereal land use dataset based on
wheat in CAPRI. Those grid cells in the upper 50" percentile for each spatial layer
(mass flux, shallow groundwater, and wheat) were considered for the site selection
process. Sites identified by modelling were assessed during site walkover surveys.
To justify inclusion in the programme, sites had to have a history of pinoxaden use,
groundwater less than 10m bgl, no confining layers, and no influential features
which may act as preferential flow pathways. In 2015, 70 sites were installed across
France, Germany, Italy, Lithuania and the United Kingdom. Each site consisted of
three shallow wells installed around the field perimeter. The 70 sites represent all
EU FOCUS groundwater scenarios except Jokioinen. The sites have all had a
minimum of two pinoxaden applications before 2016 with groundwater levels an
average of 2.9m below ground level. Sampling began in 2015 from 84 down
hydraulic gradient wells. Of the 871 samples collected between June 2015 and July
2017 from these 70 vulnerable sites, the average for each site never exceeded
0.1pg/L. Only minor residues of metabolites have been detected since sampling
began. Monitoring is to continue until Q4 2019 to ensure a thorough assessment of
groundwater vulnerability is made. The modelling approach should allow
extrapolation of the modelled vulnerability to be extended to member states outside
of those where the wells were installed.

6

Long-Term Trend of Aquatic Pesticide Risk

A. Paulus, UFZ - Helmholtz Centre for Environmental Research /
System-Ecotoxicology; S. Knillmann, K. Foit, Helmholtz Centre for
Environmental Research UFZ / System-Ecotoxicology; M. Klein, Fraunhofer
Institute for Molecular Biology and Applied Ecology IME; M. Liess, UFZ Center
for Environmental Research / System-Ecotoxicology

European Union member states aim at reducing ecological risks exerted by
pesticides. For this, reliable trend indicators of pesticide exposure and risk are
inevitable. Based on this demand we designed a long-term trend indicator of aquatic
pesticide risk for Germany. It uses pesticide sale statistics, toxicity data and
chemical properties as input variables. The trend indicator was designed by
combining the most reliable exposure and effect models. (i) We selected the most
realistic exposure model by evaluating several established exposure models. For
this we tested their performance with peak concentration data monitored in small
agricultural streams in central Germany. These field data comprised of event-driven
samples of 46 active substances from field-campaigns performed in 1998, 1999,
2000, and 2013. The highest agreement of measured and modeled peak
concentration was yielded by the risk indicator EXPOSIT/EVA (R2: 0.38), followed
by the more complex models FOCUS STEP 2 (R2: 0.36), SYNOPS-TREND (R
0.24), and GERDA (R2: 0.24). (ii) The translation from toxic pressure to pesticide
risk was implemented by applying the field based and validated exposure —
response relationship SPEAR pesticices- Based on these information and models, we
calculated the trend of toxic pressure and pesticide risk in Germany from 1996 to
2016 for the 500 substances authorized in this period. The method presented here
requires only few input data, is based on validated models and can be adapted to
regional conditions around the world.

Hydrophobic Chemicals and Mixtures: Reliable Investigations
on their Environmental Fate and Effects (l)

7

The hydrophobicity delay: symptoms and solutions

A. Celsie, Queens University; D. Mackay, Trent University / Chemistry; D. Powell,
DMER Ltd.; J. Parnis, Trent University / Cemistry

The objective of this presentation is to set out the conditions under which chemicals
of high hydrophobicity experience significant delays in approaching equilibrium
conditions. We suggest that this delay may be misinterpreted as being caused by a
change in partitioning behaviour or mechanism resulting in development of
non-linear regression models describing inter-media partitioning. In reality, the
partitioning is fundamentally linear but is distorted by a kinetic delay. The rate
constant format commonly applied to fish biouptake from water of concentration
Cw is ?Ce/?t=k,Cw-k,Cr where Ck is the fish concentration, k; and k; are the uptake
and loss rate constants and k; is ki/BCF where BCF is the bioconcentration factor.
The characteristic time for uptake and loss t is L?Kow/k;. Slower uptake and loss

will occur if the partition ratio Koy is large, and the fish must contact Kow-L times
its own volume to approach equilibrium. Very hydrophobic substances will
experience long time delays when approaching equilibrium and correspondingly
long times for loss during a depuration phase. Mackay et al. [1] modeled
bioconcentration and toxicity of superhydrophobic chemicals D4, D5, and D6 using
a biouptake model for fish. Due to the very high hydrophobicity (log Kow=108 for
D5) and very low water solubilities Cy must be very low, which results in a very
long equilibration time. Uptake time to equilibrium for D5 was estimated to be
~2000 days, to get Cr=2 mol/m?® about 17 days. The study concluded that for
superhydrophobic substances organisms will likely not reach toxic concentrations
within the test duration which is usually 4-94h. Doucette et al. [3] reviewed
foliage/air partitioning data in which the onset of a hydrophobic delay (HD) is
apparent when log Koa~9. McLachlan [4] developed a model for uptake of
hydrophabic chemicals by foliage. This model shows levelling off corresponding to
insufficient time to achieve equilibrium. A kinetically limited regime is reached at a
Koa=10°. In our presentation we will address the HD issue that we believe is a
widespread phenomenon applicable to numerous environmental systems including
passive sampling and partitioning to aerosol particles. Finally, we suggest a general
method for identifying the HD problem. [1] Environ Sci Technol 2015, 49(19):
11913-22. [2] Environ Toxicol Chem 2012, 31(8):1911-9. [3] Environ Toxicol
Chem. 2017, Accepted. [4] Environ Sci Technol 1999 33:1799-1804.

8

Partitioning of chlorinated paraffins (CPs) to organic matter is not class
specific: implications for bioaccumulation?

M. Castro, Stockholm University / ACES; M. Breitholtz, B. Yuan, Stockholm
University / Department of Environmental Science and Analytical Chemistry
(ACES); I. Athanassiadis, Stockholm University; L. Asplund, A. Sobek, Stockholm
University / ACES

Chlorinated paraffins (CPs) belong to a group of industrial chemicals consisting of
n-alkanes (from 10 to 30 carbon chain atoms) with chlorine content from 30 to 70%
weight. They are widely used as high-pressure lubricants, flame retardants, and
additives in plastic, rubber, and sealants, leading to high-production volumes
worldwide. These chemicals are also ubiquitously found in the environment. The
use of short chain chlorinated paraffins (SCCPs) in Europe has been restricted,
however, medium (MCCPs) and long chain (LCCPs) chlorinated paraffins are used
in Europe as substitutes for SCCPs. In some countries, all classes are still in use,
leading to high production volumes (over a million tons per year globally). There is
a lack of data on CP physicochemical and hazard-based properties, which is due to
their inherent high complexity. CPs are hydrophobic contaminants, which
complicates their aquatic toxicity testing. In this work, we validate the use of
passive dosing for the study of chlorinated paraffins and demonstrate the
partitioning behavior of CP technical mixtures between silicone, water and organic
carbon. We used 5 different technical mixtures from three the established categories
(2 SCCPs, 1 MCCP, 1 LCCP). We added Daphnia magna to the passive dosing
system, to understand the partitioning behavior of CP technical mixtures from
CP-dosed water medium to CP-free organic matter (Koc-water)- Immobilization of D.
magna was observed after 48 hours under different exposure concentrations.
APCI-QTOF-MS was used for CP quantification. Both silicone-water and organic
carbon-water partition coefficients overlap between different categories of CP
technical mixtures. CP-52, labelled as a MCCP, had a similar silicone-water
partitioning coefficient as a restricted SCCP — Huels 70C. We demonstrate that
increasing average chlorine content of each CP mixture significantly increases the
Log Kisilicone-water aNd LOg Koc.water- These results could have implications on the study
of environmental fate of CPs: in-use CPs (MCCPs and LCCPs) might be equally or
more hioaccumulative as restricted SCCPs. Koc.water is particularly helpful at
predicting bioaccumulation of chemicals into biota. The next step is to quantify the
bioaccumulation potential of CPs. With the use of the passive dosing approach, we
are producing laboratory experimental data that can be used to help in the on-going
regulatory discussion on MCCPs and aid their risk assessment.
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Trophic magnification of cyclic volatile siloxane materials (D4, D5, and D6) in
a freshwater lake: A Monte-Carlo analysis

K.B. Woodburn, The Dow Chemical Company / HES; R.M. Seston, Hyla
Environmental Consulting, LLC / Toxicology, Environmental Research &
Consulting; J. Kim, D.E. Powell, The Dow Chemical Company / Toxicology,
Environmental Research & Consulting

The trophic transfer of cyclic methylsiloxane (cVMS) materials in aquatic
ecosystems is an important criterion for assessing bioaccumulation and ecological
risk of these compounds. Food web magnification of the cVMS materials,
specifically octamethylcyclotetrasiloxane (D4), decamethylcyclopentasiloxane
(D5), and dodecamethylcyclohexasiloxane (D6) was determined for the Lake
Pepin, Minnesota (USA) food web. The objective of this work was to determine if
cVMS materials are biomagnified in this freshwater ecosystem. To determine
whether the benthic influence in the Lake Pepin aquatic food web affected the
trophic magnification factor (TMF) values for the cVMS compounds, a companion
study was conducted to determine the biomagnification and TMF value of a
reference material, 2,2',3',4,4'5,5'-hepatachlorobiphenyl (PCB-180), in Lake Pepin.
TMFs for the three cVMS materials and PCB-180 were determined using standard
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methods involving feeding guild, trophic guild classifications, and the stable
isotopes of nitrogen (d*°N) and carbon (d**C) to estimate trophic position/carbon
flow. The aquatic food web consisting of two benthic macroinvertebrate species
and 15 fish species was evaluated for trophic magnification of cVMS materials and
PCB-180. Lipid-normalized concentrations of D4, D5, and D6 were greatest in the
lowest trophic levels and significantly decreased going up the food web, with the
lowest concentrations being observed in the highest trophic levels. The TMFs
measured for the three cVMS materials were all99% of the uncertainty for cVMS
TMF values in Lake Pepin was explained by uncertainty at the base of the food web
(89%) and at the top of the food web (11%). By comparison, PCB-180 had a TMF
of 2.2 in the evaluated food web, indicating biomagnification. TMFs for the cVMS
chemicals and PCB-180 were determined using a Monte-Carlo probability analysis
technique, and the likelihood that the values exceed unity was less than 0.5% for all
three cVMS compounds and >99.5% for PCB-180. This evaluation indicates that
D4, D5, and D6 do not biomagnify in the benthic-dominated Lake Pepin aquatic
ecosystem, a food web which does demonstrate biomagnification of the legacy
contaminant, PCB-180.

10

Distribution and Bioaccumulation of Polyhalogenated Carbazoles in Aquatic
Systems from the United States and China

D. Chen, Jinan University / Cooperative Wildlife Research Laboratory and
Department of Zoology; Y. Wu, Southern Illinois University Carbondale /
Cooperative Wildlife Research Laboratory and Department of Zoology; R. Sutton,
San Francisco Estuary Institute; K. Xu, Louisiana State University / Department of
Oceanography and Coastal Sciences

The present study reports the discovery of a suite of polyhalogenated carbazoles
(PHCZs) in aquatic sediments collected from four watersheds located in the United
States and China, including the Gulf of Mexico (USA), San Francisco Bay (USA),
Lake Tai (China), and Lake Dianshan (China), and their bioaccumulation in the San
Francisco Bay ecosystem. A total of 11 halogenated carbazoles, including 3-chloro,
3,6-dichloro-, 1,3,6,8-tetrachloro-, 2,3,6,7-tetrachloro-, 3-bromo-, 2,7-dibromo-,
3,6-dibromo-, 1,3,6-tribromo-, 1,3,6,8-tetrabromo-, 1-bromo-3,6-dichloro-, and
1,8-dibromo-3,6-dichloro-carbazole were screened. Halogenated carbazoles were
detected in 98.7% of the sediment samples, with concentrations ranging from below
method limits of quantification to 51.5 ng/g dry weight. In most of these sediment
samples, PHCZ concentrations exceeded those of polybrominated flame retardants
(PBDEs). The latter group of chemicals has been demonstrated to be persistent and
globally distributed. PHCZs were also detected in various organisms from the San
Francisco Bay, including bivalves, sport fish, harbor seal blubber and bird eggs.
The median concentrations of PHCZs by species ranged from 33.7 to 164 ng/g lipid
weight. Biomagnification was also observed from fish to harbor seal and was
mainly driven by chlorinated carbazoles, particularly 36-CCZ. Congener
compositions differed among species, suggesting that individual congeners may be
subject to different bioaccumulation or metabolism in species occupying various
trophic levels in the studies system. Toxic equivalent (TEQ) values of PHCZs were
determined on the basis of their relative effect potencies (REP) compared to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). The median TEQ ranged from 4.8 to
19.5 pg TEQ/g lipid weight in biological tissues. Our data demonstrated the broad
exposure of PHCZs in the studies systems and potentially in global aquatic systems.
These findings raise the need of additional research to better elucidate their sources,
environmental behavior, and fate in global environments.
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Bioconcentration factors of constituents of essential oils in fish determined in
an in-vivo benchmarked dietary exposure study: A case study for pine oil
C.L. Chen, Stockholm University / Department of Environmental Science and
Analytical Chemistry; M. McLachlan, Stockholm University / Environmental
Science and Analytical Chemistry (ACES); M. MacLeod, ITM - Stockholm
University / Department of Environmental Science and Analytical Chemistry
Essential oils are fragrance materials that are registered as natural complex
substances (NCS) under the European REACH legislation. One of the categories of
information required in a REACH registration is information about the potential for
bioaccumulation of NCS by fish. Determining the bioconcentration factor (BCF) of
essential oils cannot be readily accomplished using a standard flow-through
uptake/depuration experiment. Previously, we demonstrated that a single dietary
exposure coupled to the benchmarking technique could be applied to an artificial
mixture for measuring the in vivo BCF. Here, we report an application of our
proposed BCF-determination methodology on a real essential oil — pine oil. Fish
(rainbow trout) were dosed with a mixture of the pine oil and a suite of benchmark
chemicals via a single dietary exposure. The depuration rate constants (kr) in the
fish soma (without GIT) for the key pine oil constituents are 0.134 d*
(B-Caryophyllene, BCP) — 1.41 d* (BAc) and they were 0.0.0799 d* (HCB) - 0.517
d* (DiCB) for the reference chemicals. The test compounds depurated faster from
the soma than the GIT, making estimated whole-body depuration slower
(conservative) compared to the soma only. HCB was the chemical most resistant to
depuration among all the test compounds. Benchmarking to HCB reduced the
standard error of measured kr_gm from the soma for most of the chemicals, with
kr.sm ranging from 0.001 d* (PCB52) to 2.98 d* (BAc). The apparent BCF (BCFa)
values in soma for the key components in pine oil and the reference chemicals were

in the range of 98.2 L kg (BAc) — 1030 L kg* (BCP) .. and 267 L kg™ (DiCB) —
1730 L kgt (HCB), respectively; while for the benchmarked BCF (BCFgy) in
soma, they are 46.3 L kg™ (BAc) - 2570 L kg* (BCP), and 208 L kg* (DiCB) -
197000 L kg (PCB52) respectively. We conclude that a single dietary exposure
coupled with the benchmarking technique is a feasible experimental approach for
measuring the BCF of NCS in fish.
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ROLE OF ADIPOSE TISSUE RESPONSIBLE FOR ECHOLOCATION IN
THE BIOACCUMULATION PROCESS OF LIPOPHILIC COMPOUNDS
IN HARBOUR PORPOISES

1. Schaap, Utrecht University; L. Gross, The University of Queensland / School of
Earth and Environmental Sciences; A. Covaci, University of Antwerp,
Toxicological Center / Toxicological Centre Dep of Pharmaceutical Sciences; T.
Bouveroux, OCEAMM,; F. Demaret, University of La Rochelle / Observatoire
Pelagis; R. Blust, University of Antwerp / Department of Biology (SPHERE
Research Group); M. van den Berg, Utrecht University / Institute for Risk
Assessment Sciences; L. Weijs, Griffith University / Australian Rivers Institute
Previous studies have suggested that persistent organic pollutants (POP) can lead to
adverse effects in marine mammals, including harbour porpoises (phocoena
phocoena), thereby causing illnesses. Traditionally, blubber is an ideal matrix to
assess POP bioaccumulation in marine mammals. However, during times of energy
deficits, blubber tissue is broken down in which POPs are redistributed in the body.
Echolocating tissues melon and mandibular fat are inert lipid bodies in odontocetes
and, in contrast with blubber, are less prone to release POPs, which makes them
ultimate sinks for POP lifetime bioaccumulation. This study aimed to assess the
lifetime bioaccumulation of POPs in harbour porpoises through 1) analysis of POPs
in various tissues and/or organs of harbour porpoises, including lipid rich bodies as
blubber, melon and mandibular fat, and 2) Physiologically based toxico-kinetic
(PBTK) modelling of PCB 153 and PBDE 153 to compare bioaccumulation of
lipophilic compounds in lipid-rich tissues with different lipid composition and
purpose (echolocation versus insulation) over the whole lifespan of male harbour
porpoises. Overall, POP analysis and PCB 153 modelling for male harbour
porpoises reveal that despite differences in lipid composition and lipid types,
lipophilic pollutants bioaccumulate patterns are similar in blubber, mandibular fat
and melon with increasing age. Nevertheless, the model showed the highest levels
of PCB 153 in mandibular fat, followed by melon and blubber. From these results,
mandibular fat can be considered as a sink for PCB 153 and a better proxy for
lifetime exposure than blubber, which can be both a sink and source of lipophilic
pollutants. PBDE 153 PBTK modelling reveals that bioaccumulation differs in lipid
composition and lipid type, whereby bioaccumulation predominantly occurs in
echolocating tissue during juvenile stage and in blubber during adulthood.
Keywords: Echolocation, life time bioaccumulation, biomonitoring, PBTK
modelling, POP

Interpretation and uncertainty - overcoming challenges of
translating LCA results into reliable information

13

LCA: everything is relative and nothing is certain

J. Guinee, University of Leiden / Institute of Environmental Sciences; R. Heijungs,
Leiden University / Faculty of Economics and Business Administration Department
of Econometrics and Operations Research; A. Mendoza Beltran, Leiden University;
P. Henriksson, Stockholm University / Stockholm Resilience Centre; E. Groen,
Areto Consulting GmbH / Animal production systems group

Environmental Life Cycle Assessment (LCA) relies on data, models and
knowledge from almost all environmental scientific disciplines, including related
uncertainties. In addition, LCA involves making methodological choices. Over the
past five years, we have published several approaches to deal with data and
methodological choice uncertainties. One often heard critique is that these
proposals do not account yet for ‘correlations’. We distinguish between two
meanings of the term ‘correlations: correlated sampling: when applying Monte
Carlo sampling for propagating uncertainty data for a comparative LCA study, the
sampling can be either dependent (correlated) or independent (uncorrelated).
Independent sampling implies that data of shared processes between the product
alternatives compared, are sampled in different MC procedures resulting in
different data sets for this shared process for both product alternatives. Dependent
sampling implies that process data for the product alternatives compared are
sampled based upon one and the same random drawing of parameter values
resulting in identical data sets for this shared process; correlated data points: a
transport process input of diesel is, for example, related to an process output of CO,
(emission); if the process consumes more diesel for the same amount of transport,
the CO2 emission will also increase. The first interpretation of ‘correlation’ has
been addressed in earlier work by Henriksson et al. and recently again by Mendoza
et al. The second interpretation of ‘correlation’ (between data points) has recently
been addressed by Groen et al. We present an overall framework integrating the
different approaches comprehensively dealing with uncertainties in LCA studies. In
addition, we show the possibilities and limitations of also including data
correlations into LCA uncertainty assessments. Practical application of this
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framework in the daily practice of LCA practitioners needs further work, including
implementation in LCA software programs and particularly data.

14

Drivers of variability and uncertainty in the chemical footprint of personal
care products

M. Douziech, Radboud University Nijmegen; R. Oldenkamp, Radboud University
Nijmegen / Department of Environmental Science; H. King, Unilever; R.
University, J.A. Hendriks, Radboud University Nijmegen / Department of
Environmental Science; A. Ficheux, A. Roudot, Universite de Bretagne
Occidentale; R. VVan Zelm, Radboud University / Department of Environmental
Science

Chemical footprinting of products, quantifying the potential environmental impact
of the product’s chemicals, could be used to inform consumers choice. However,
the use of chemical footprints (ChFs) for comparative purposes requires a full
understanding of the uncertainty and variability sources influencing its
quantification. The goal of this work was to determine the ChFs for personal care
products and quantify the variability and uncertainty in the different parameters
used to derive these individual ChFs. In a first phase, we focused on shampoos. The
environmental impact of each ingredient was derived from an environmental load,
assuming 100% discharge to the drain, determined by the ingredient’s removal in
activated sludge wastewater treatment plants (WWTPs) simulated using
SimpleTreat, and a characterisation factor estimated with USEtox. The
physico-chemical and ecotoxicological properties applied in both models were all
estimated. Their reliability was derived from the prediction accuracy of the
estimation models used (EPISuite, ACD Labs, ECOSAR). A Monte Carlo analysis
with 1000 iterations was then performed, combining the uncertainty and variability
of the different parameters, to determine the spread in ChFs. The ChFs derived by
this approach spanned nearly 4 orders of magnitude (95% Confidence Interval
(CI)). The wide span of the ChF’s 95% CI was primarily attributable to fragrances
(61%), surfactants (20%), and the amount of product used (16%). The significant
contribution from fragrances and surfactants can largely be explained by the
uncertainty in their environmental impacts described by the characterisation factors
derived with USEtox and more precisely the estimated ecotoxicity values. These
preliminary results question the use of absolute values when communicating
product’s chemical footprints. As long as more reliable ecotoxicological
assessments are not available, identifying relative contributions to the overall
environmental impacts might be more useful to target specific actions.
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Combined uncertainty and scenario analysis within Life Cycle Assessment of
waste management systems

V. Bisinella, DTU (Technical University of Denmark) / DTU Environment; K.
Conradsen, DTU Technical University of Denmark / DTU Compute; T.H.
Christensen, DTU Technical University of Denmark / DTU Environment; T.
Astrup, Technical University of Denmark / Department of Environmental
Engineering

Life Cycle Assessment (LCA) is being increasingly used for decision support in the
waste management field. LCAs are subject to uncertainty regarding both the input
values for the LCA model (or parametrical uncertainty) and its modelling choices
(or epistemic uncertainty). Parametrical uncertainty can be systematically
addressed with parametrical uncertainty analysis, while epistemic uncertainty can
be addressed with scenario analysis. However, the communicability and usefulness
of parametrical uncertainty and scenario analyses can be hindered by the fact that
such analyses are carried out separately, dividing the interpretation of the results in
two separate channels and potentially limiting the value of LCA as a decision
support tool. This study presents a novel method that aims at combining uncertainty
and scenario analysis, illustrated on a case study on three hypothetical waste
management options for treatment of residual household waste in the municipality
of Copenhagen in 2025. The waste management solutions were provided with
uncertainty for the model input values (parametrical uncertainty) and were assessed
within four different hypothetical background conditions (scenario analysis).
Within each impact category, the results of the parametrical uncertainty analysis
were used to identify the most robust waste management option, i.e. the waste
management option obtaining the highest average probability measure of providing
the best environmental performance across the considered background scenarios.
The method allowed obtaining various levels of analyses for the interpretation of
the LCIA results: parametrical uncertainty analysis for each of the assessed waste
management options, with identification of the parameters mostly contributing to
the uncertainty around the results, within each of the assessed scenarios for the
background conditions. The parametrical uncertainty analyses, which were
necessary for carrying out discernibility analyses across background conditions,
allowed obtaining useful insights on the changes in sensitive parameters induced by
the change in background conditions. The discernibility analysis results allowed
obtaining a clear quantification of the probability measure of each waste
management option to provide a better environmental performance than another,
for each of the assessed impact categories and investigated background conditions,
and in a manner simply conveyable to the users and final receivers of the LCA.

16

Which impact categories are relevant for LCA results interpretation?

A. Esnouf, Institut National de la Recherche Agronomique, Narbonne-France / UR
Laboratoire de Biotechnologie de IEnvironnement; E. Latrille, J. Steyer, INRA
LBE; A. Hélias, Montpellier SupAgro / LBE ELSA

LCA is intrinsically a multicriteria approach comparing (almost) all the potential
environmental impacts of human activities. However, multicriteria decisions pose
challenges as a wide range of environmental impacts results may lead to unclear
conclusions. Based on their relevance, a choice among the impact categories may
be necessary. It can be carried out by examining how the information given in the
Life Cycle Inventories (LCIs) is used by the impact categories. The
Representativeness Index (RI) proposed by Esnouf et al. was initially used to
compare the adequacy of Life Cycle Impact Assessment (LCIA) methods regarding
LCls. Here, the R1 is used to explore the impact categories belonging to a given
LCIA method. Thus, the present study focuses on how the interpretation of the LCA
results can be undertaken given the choice of relevant impact categories. With a
geometrical standpoint, LCls of the ecoinvent database and impact categories of the
ILCD method are standardized and localized within the same R" vector space. This
vector space is generated by all the dimensions (i.e. elementary flows) from which
the LCls of the database are described. The Rl is a proximity measurement between
standardized LCI vectors and standardized impact category vectors, corresponding
to the cosine of the angle between two vectors. This measurement does not assess
the relevance of the environmental model behind impact categories, but rather
translates the main elementary flows from an LCI based on how they are
represented by the impact categories of an LCIA method. Two inventories referred
to the production of 1 kWh of high voltage electricity mix are used in this study as
an illustrative example (areas analysed: NPCC, North-eastern North America, U.S.
only, and Germany). Results show that comparing the NPCC and the German
electricity mixes is more relevant based on the ionising radiation impact categories.
The freshwater eutrophication, the climate change and the ozone depletion are the
three other impact categories that focus on the main environmental issues that best
represent those two LCls in regard of the whole database. This analysis provides
additional information for characterizing the impact categories towards LCI
representativeness within the global context of a given database. While performing
a LCA study, practitioners could benefit of the developed methodology to select
impact categories to focus the results interpretation on relevant environmental
issues.
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Reduce the uncertainty of LCA results by prioritizing the regionalization
effort: a sectorial meta-analysis

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

Uncertainty in Life Cycle Assessment (LCA) can limit the results interpretation.
Regionalization is one of the ways to reduce the uncertainty due to spatial
variability. Life Cycle Inventory (LCI) regionalization deals with increasing the
geographic representativeness modelled in LCI. Life Cycle Impact Assessment
(LCIA) regionalization deals with regionalized impact characterization that
accounts for the spatial variability of the receiving environment. Regionalized
characterization factors (CF) apply to spatialized elementary flows (EF), called LCI
spatialization. However, integrating regionalization requires additional effort on
data collection and treatment for LCA practitioners and database developers. Thus,
prioritizing the regionalization effort on the most sensitive data (input data with
uncertainty having the highest influence on the resulting uncertainty) would ensure
an optimal use of resources to reduce LCA results uncertainty. This research work
proposes a procedure to prioritize regionalization efforts based on global sensitivity
analysis (GSA) to reduce the spatial uncertainty of LCA results. We applied this
procedure to all the activities of two economic sectors (biofuel production and
passenger land transport) defined in the ecoinvent database v3. The regionalized
impact methodology IMPACT World+ is used to assess environmental impacts.
Statistical tests are then used to derive sectorial recommendations regarding the
impact categories (IC) and LCA phases (LCI or LCIA) that should be regionalized
in priority. Those recommendations are meant to help LCA practitioners and LCI
database developers to define their strategy for regional data collection to lower the
LCA results uncertainty. Results show that contrasting IC ranking depending on the
economic sector. For the biofuel production sector, land transformation
encompasses almost all the uncertainty, whereas it is distributed among several
impacts (global warming and marine acidification) on the land passenger transport
sector. For LCA phases ranking, it confirms that inventory should be spatialized in
priority for regionalized impact categories. This methodology allows providing
different recommendations specific a sector to refine data collection in order to
reduce uncertainty and enhance results interpretation. To our knowledge, this is the
first time that an uncertainty analysis discriminating IC and LCA phase ranking is
performed.
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Environmental fate of emerging contaminants in the water
cycle: analytical challenges and engineered solutions (l)

19

Unravelling longitudinal pollution patterns in freshwaters by non-target
screening and cluster analysis

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

Pollution of aquatic ecosystems with emerging organic contaminants (EOCs) has
been intensively studied over the past decades. The vast number of EOCs and their
occurrence in complex and variable mixtures is a major challenge for monitoring,
risk assessment and management and is beyond the scope of target screening. Thus,
novel approaches are needed to characterize these mixtures and identify unknown
EOCs including transformation products and natural background. In this study, we
propose a novel workflow for unravelling pollution patterns along a river course
identifying longitudinal dynamics of pollutant groups, entry pathways and the fate
of EOCs along the river course using non-target screening by LC-HRMS and
cluster analysis. Sixteen grab samples were taken along the 42 km- long course of
the Holtemme River (Saxony-Anhalt, Germany), whereas the first sampling in the
national park marked a reference point for pristine conditions. Chemical screening
was performed on an UltiMate 3000 LC system (Thermo Scientific) coupled to a
hybrid quadrupole - Orbitrap MS (QExactive™ Plus, Thermo Scientific) with a
heated electrospray ionization source. MS/MS analysis was performed in a full scan
experiment (100-1000 m/z) at a nominal resolving power of 140,000 at m/z 200.
Peak extraction including peak picking, gap filling, componentization and target
annotation was implemented in R. Cluster analysis was performed using the R
package ‘kmL’. Four clusters were suggested for the data set representing A: EOCs
from treated wastewater input of the two wastewater treatment plants (WWTP), B:
EOCs specific for first WWTP due to specific local emissions, C: EOCs from
diffuse (i.e., agricultural and urban surface run-off) and small point-source input
(e.g., rain sewers and creeks) and D: low continous background signals. The
identified patterns gave insights into the spatial dynamics of complex chemical
mixtures along a river course, highlighting differences in point-sources and areas
governed by diffuse input and identifying points of complex mixtures of mixtures
(e.g., first WWTP). Deeper investigation including structure elucidation will
resolve the origin of non-target signals in these clusters. The proposed workflow
proved to be a fast method for unravelling pollution patterns in non-target HRMS
data and may also applied to study other longtidunal data such as temporal
dynamics in pollution at hotspots and comparision of treatment and transformation
processes.
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Tracing sewage-derived contaminants from mainland towards the ocean by
high resolution mass spectrometry

P. Lara-Martin, University of Cadiz / Physical Chemistry; A. Chiaia-Hernandez,
Eawag - Swiss federal Institute of Aquatic Science and Technology /
Environmental Chemistry; M. Biel, R. Baena-Nogueras, University of Cadiz /
Department of Physical Chemistry; J. Hollender, Eawag / Environmental
Chemistry

The ocean is the ultimate sink of most of the organic synthetic compounds produced
and consumed by humans. Among the different pollution sources affecting this
environment, discharge of treated and untreated sewage from mainland is of high
relevance due to its continuous input, high volume and poor efficiency of
conventional wastewater treatment plants (WWTP) to remove many potentially
harmful substances. Even after dilution, some of these contaminants may still be
detected at low concentrations (ppt-ppb level), especially in coastal waters, and
their effects over marine biota are still widely unknown. This work focused on
identifying a wide range of polar and semipolar chemicals that can be detected in
both WWTP influents and effluents, as well as in the receiving waters (rivers and
estuaries) and even in the open ocean. In order to do this, we carried out several
monitoring campaigns in the Gulf of Cadiz (Atlantic Ocean, SW Spain), sampling
wastewater from one of the biggest local WWTPs in the area (Jerez de la Frontera,
250 000 inhabitants), adjacent surface river and coastal waters, and oceanic waters
at different depths (down to 400 m) taken up to 50 km away from the coastline.
Solid phase extraction followed by liquid-chromatography high resolution mass
spectrometry were used in combination with statistical tools (e.g., principal
component and cluster analyses), specific vendor and open-access software, and
online library searches (mzCloud) to tentatively identify more than 300 sewage
features persistent enough to be also detected in oceanic waters. These compounds
included different classes of surfactants (e.g., linear alkylbenzene sulfonates) and
their byproducts (e.g., DATS) and metabolites (e.g., NPEC), polymers (PEG, PPG
and many ethoxylated derivatives), pharmaceuticals (e.g., valsartan, diclofenac,
carbamazepine, etc.), personal care products (UV stabilizers) and food additives
(e.g., sucralose), some of them (e.g., sulfurol) identified in the environment for the
first time. The list of compounds reflected here not only shows many of the
substances that can potentially escape from wastewater treatment but also

constitutes a first step towards a more detailed characterization of the chemical
exposome in the marine environment.
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Pharmaceuticals, personal care products (PPCPs), and artificial sweeteners
(ASWs) in river and groundwater from the Ganges River Basin, India

B.M. Sharma, Research Centre for Toxic Compounds in the Environment Faculty
of Science Masaryk University / Faculty of Sciene; J. Be¢anova, Graduate School
of Oceanography, University of Rhode Island, Narragansett, Rhode Island 02882 /
Chemical Oceanography; M. Scheringer, ETH Zurich / Institute for Chemical and
Bioengineering; L. Nizzetto, NIVA

Pharmaceuticals and personal care products (PPCPs) and artificial sweeteners
(ASWs) are environmental contaminants of emerging concern. In this study, we
investigated the occurrence and distribution of 15 pharmaceuticals and personal
care products (PPCPs) and five artificial sweeteners (ASWs) in surface and
groundwater of the Ganges River Basin in India. The Ganges River Basin is the
largest river basin in India and home of about 7% of the total global population.
PPCPs and ASWs were ubiquitously present in the river and groundwater. Most
frequently detected compounds were caffeine, DEET, ketoprofen, cyclamate and
sucralose. Except caffeine and DEET, concentrations of other PPCPs and ASWS5 in
river water were found to be higher in densely populated areas. Concentrations of
PPCPs and ASWs in the groundwater were lower but on same order as detected in
the river water. Similar to river water, elevated concentrations of PPCPs and ASWs
in groundwater were detected in middle and lower reaches along the Ganges River.
PPCPs and ASWs concentrations were lower than those in developed countries,
still, their instantaneous loads in the Ganges River were comparable to those in
rivers from developed countries. The presence of PPCPs and ASWs in the surface
and groundwater can be interpreted as a consequence of inefficient wastewater
management in the basin, which pose a concern for human exposure.
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Data-dependent fragment ion search for detection of sartans and related
compounds in wastewater and surface water

B. Zonja, IDAEA-CSIC / Environmental Chemistry; M. Lépez de Alda, Institute of
Environmental Assessment and Water Research IDAEA-CSIC / Department of
Environmental Chemistry; D. Barcelo, IQAB-CSIC / Department of
Environmental Chemistry

Presence of polar contaminants like angiotensin 1l receptor antagonist
pharmaceuticals (sartans) in the aquatic system is directly linked to human impact.
Like other xenobiotics, they can be metabolised in the body with enzymes such as
cytochrome P450 (CYP), UDP-glucuronosyltransferase (UGT), and glutathione
S-transferases (GST) which are present in the human liver at high abundance. Due
to biological and/or abiotic processes that the contaminants undergo from the
discharge site to the ground or surface water where they are detected, they can be
transformed to transformation products (TPs). These TPs are usually detected and
identified first at lab-scale in order to evaluate the degradability of a compound.
This is typically followed by a targeted method development and it is not up until
the compounds have been identified (and in some cases isolated) they are actually
searched for in real aquatic samples to report their presence. Here, we propose an
alternative approach, based on data-dependent fragment ion search, where
real-world samples are initially screened for plausible TPs, metabolites or related
compounds. The starting point here was a suspect screening of a list of all marketed
sartans in wastewater effluent and surface water samples, which were extracted
with a generic solid-phase extraction method using four cartridges with different
chemistries. Out of the compounds detected, five of them had an identical core
structure, and it was postulated that this sub-structure would fragment identically in
all compounds. Following a series of experiments with different MS parameters
modified, a list of hit compounds was obtained using fragment ion search. After all
of the compounds investigated, available human metabolites and internal standards
were purchased, a set of biodegradation experiments using activated sludge was
performed in order to “source” the detected m/z and compare the possible TPs
fragmentation to the one obtained in the bio-reactors. In parallel, a literature search
for reported human metabolites was used to complement the identification of
compounds detected in cases where no such compound was found to bio-form from
the parent compound. Finally, a targeted method was developed for the
quantification of these compounds in wastewater and surface water. This work was
possible due to support from EU-FP7 programme (Solutions project), Merck (LC
columns) and Biotage (SPE cartridges).

23

HR-MS non-target analysis for transformation products of emerging organic
contaminants in waste water fractions pre-screened by ELISA

R.J. Schneider, H. Hoffmann, BAM Federal Institute Materials Research and
Testing / Department of Analytical Chemistry Reference Materials
High-Resolution Mass Spectrometry has its benefits but still wastewater samples
challenge the analyst on the quest for “unknowns”, metabolites and transformation
products of emerging organic contaminants (EOCs). Their detection requires
non-target analysis which involves not only costly instrumentation but also
scientists with the time to plough through the enormous amount of data collected.
An approach is presented using antibodies as selectors to pre-screen fractions of an
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HPLC run for “binding” in order to detect hitherto unknown but structurally related
compounds. Carbamazepine (CBZ), an anti-convulsant and anti-depressant,
sulfamethoxazole (SMX), an antimicrobial for humans, and estrone (E1), a
hormone and estradiol metabolite have been studied by this LC-ELISA approach.
Immunoassays had been developed for all compounds but overestimations of
wastewater concentrations were frequent, with CBZ even at a constant level (+ 30
%) that did not result from the considerable cross-reactivity to CBZ-10,11-epoxide
(ca. 70 %) or 2-hydroxy-CBZ (14 %). Fractions from HPLC runs of
pre-concentrated wastewater samples were collected into a 96-well glass plate in
small aliquots, with fractions adapted to the desired resolution along the run. One
plate is sufficient to collect a 30 — 40 min. run. The fractions were evaporated to
dryness under a gentle stream of nitrogen. Before ELISA analysis, all fractions
were reconstituted in a few hundred pL of water. For CBZ, UPLC-QTOF-ESI-MS
applied on a specifically “positive” fraction revealed an exact mass of m/z =
389.168 and a chlorine pattern. The compound is cetirizine, an antihistaminic. It
appeared in our samples from spring on and was responsible for 20 % of the
overestimation we found initially with the CBZ antibody. The LC-ELISA for SMX
displayed a series of unidentified peaks in the ELISAgram. Careful analysis of the
fractions led to the identification of N4-acetylsulfamethoxazole, an SMX
metabolite which is present in the samples. With estrone, interferences by polar
matrix compounds eluting early could be identified.

24

Designing a risk based monitoring program for groundwater sources for
drinking water production — based on target and suspect screening combined
with clustering techniques

R. Sjerps, KWR Watercycle Research Institute / Chemical Water Quality and
Health; A. Brunner, B. Bajema, Vitens; P. Bauerlein, KWR / Analytical and
Environmental Chemistry; M. de Jonge, Vitens; Y. Fujita, M. Schriks, KWR
Watercycle Research Institute; A. van Wezel, KWR Watercycle Research Institute /
Chemical Water Quality and Health

Drinking water utilities heavily invest in monitoring occurrence of chemicals in
drinking water sources and produced drinking water. Worldwide, drinking water
regulation prescribes drinking water limits for a limited number of chemicals, the
EU Drinking Water Directive (EU DWD) for example lists drinking water limits for
26 organic and anorganic chemical parameters. However, most drinking water
utilities monitor a broad set of parent chemicals and their transformation products,
using both target, non-target and bioanalytical methods. The EU DWD stimulates
that drinking water monitoring is performed in a more flexible way, provided
protection of public health is ensured. Compared to surface water, groundwater is
less intensively studied and monitored. However, groundwater can be highly
influenced, by anthropogenic activities related to the land-use above the
groundwater, by infiltrating surface water, by historical contamination as well as by
activities in the sub-soil. The susceptibility of the groundwater aquifers to these
pressures depends on soil type and groundwater hydrology. Chemical properties
such as persistence and mobility and their retardation during groundwater flow are
reflected in the spatio-temporal patterns of the chemicals. Treatment technology
applied, such as filtration and sorption techniques, determines removal efficiencies
during drinking water production for specific compounds. Water utility Vitens
services drinking water in a large area in the Netherlands, mostly using
groundwater as a source. Their set of chemical parameters in the monitoring
program tripled in the last decade. The water utility aims to prioritize their
measured chemicals and develop a tailored risk-based monitoring program. We
present here is the development of a risk-based monitoring program for all 113
supply zones involved, mostly consisting of groundwater. We use both target and
non-target/suspect monitoring data and well characteristics. We use clustering
techniques combined with prioritization techniques including substance properties
and in vivo as well as in vitro toxicity information. We analyse full scale removal
efficiencies by the treatment technologies applied. Finally we propose a risk based
monitoring program.

Wildlife ecotoxicology: laboratory dosing studies to field
population assessments (I)

25

An interspecies correlation model to predict acute dermal toxicity of plant
protection products to terrestrial life stages of amphibians

L. Weltje, P. Janz, BASF SE, Crop Protection - Ecotoxicology; P. Sowig, Bayer
CropScience / Ecotoxicology

In this presentation, a model to predict acute dermal toxicity of plant protection
products to terrestrial amphibian life stages from (regulatory) fish data will be
presented. By combining existing concepts, including interspecies correlation
estimation (ICE), allometric relations, lethal body burden (LBB) and
bioconcentration modelling, an equation was derived that predicts the amphibian
median lethal dermal dose (LDso) from standard acute toxicity values (96-h LCs)
for fish and bioconcentration factors (BCF) in fish. Where possible, fish BCF
values were corrected to 5% lipid, and to parent compound. Then, BCF values were
adjusted to an exposure duration of 96 h, in case steady state took longer to be
achieved. The derived correlation equation is based on 32 LDs, values from acute

dermal toxicity experiments with 15 different species of anuran amphibians,
comprising 15 different plant protection products. The developed ICE model can be
used in a screening approach to estimate the acute risk to amphibian terrestrial life
stages from dermal exposures to plant protection products with organic active
substances. Applying this method has the potential to reduce unnecessary testing of
vertebrates.

26

Overview of the EFSA Scientific Opinion on the state of the science on
pesticide risk assessment for amphibians and reptiles

S. Pieper, German Federal Environment Agency (UBA) / Plant Protection
Products; P.1. Adriaanse, Alterra Wageningen University and Research Centre; A.
Aldrich, Agroscope / Ecotoxicology; C. Berg, Uppsala universitet, Dept. of
Environmental Toxicology / Dept of Environmental Toxicology; P. Berny,
VETAGRO-SUP / Toxicology; K. Machera, Benaki Phytopathological Institute /
Department of Pesticides Control & Phytopharmacy, Athens, Greece; M. Ortiz
Santaliestra, Institute for Game and Wildlife Research (IREC)
UCLM-CSIC-JCCM,; C. Topping, University of Aarhus; S.M. Weir, Queens
University of Charlotte / Biology; F. Streissl, EFSA / Pesticides Unit; R. Smith,
School of Applied Sciences, University of Huddersfield

Concerns have been raised that the current risk assessment schemes may not
sufficiently cover the risk for amphibians and reptiles exposed to intended uses of
plant protection products (PPP). To address these concerns, the European Food
Safety Authority (EFSA) has published a Scientific Opinion on the state of the
science on pesticide risk assessment for amphibian and reptiles [1]. Specific
protection goal (SPG) options for amphibians and reptiles were developed to
address the general protection goals for non-target organisms and biodiversity in
Regulation EC 1107/2009 [2]. When proposing SPG options, the endangered status
of a great proportion of amphibian and reptilian species was taken into account, as
well as the importance of amphibians and reptiles as drivers of valuable ecosystem
services in agricultural landscapes. The analysis of literature data reveals that
amphibians and reptiles occur in agricultural landscapes, where they may be
exposed to PPP in the in- and off-field areas, and that unacceptable, adverse effects
on their populations may occur. It was concluded that the current risk assessment
scheme does not fully cover all relevant life stages and thus might not protect the
persistence of amphibian and reptilian populations in the long term. The EFSA
working group proposes a general risk assessment framework based on a tiered
approach and adapted to assess local and landscape-level risks for amphibian and
reptilian populations. Identified knowledge gaps regarding amphibians and reptiles
concern on the one side the exposure assessment, with e.g. a lack in data about size
and location of ponds inhabited by amphibians. On the other side, central
information is missing for the effect assessment, e.g. on the impact of oral and
dermal exposure routes. Informative field studies are very difficult to perform with
these organisms and risk mitigation options — if available - could usefully be
included in risk assessment as an alternative to full-scale field studies. Practical
mitigation options would need to be developed and adapted for local environments
to be most effective. [L]EFSA PPR. 2017 Scientific Opinion on the state of the
science on pesticide risk assessment for amphibians and reptiles. EFSA Journal
2017; 329 pp. doi:10.2903/j.efsa.20YY. [2]EC. 2009. Regulation (EC) No
1107/2009 of the European Parliament and of the Council of 21 October 2009
concerning the placing of plant protection products on the market. OJ L 309/1
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Ecotoxicological assessment of Caretta caretta (Linnaeus, 1758) in the
Mediterranean Sea using an integrated non-invasive protocol

S. Casini, University of Siena / Scienze Fisiche della Terra e dellAmbiente; I.
Caliani, M. Giannetti, L. Marsili, S. Maltese, D. Coppola, N. Bianchi, T. Campani,
University of Siena / Department of Physical, Earth and Environmental Sciences; S.
Ancora, University of Siena / Physical sciences, Earth and environment; M. Fossi,
University of Siena / Department of Physical Sciences, Earth and Environment
Caretta caretta is the most common sea turtle in the Mediterranean Sea. The [IUCN
assessment for this carnivorous long-lived reptile underlines the lack of information
regarding pollution and pathogens and indicates as a priority efforts to investigate
and reduce the impacts of these threats. Up to now very few studies were conducted
investigating biological endpoint potentially influenced by contamination on C.
caretta. The aim of our study was to conduct the first ecotoxicological assessment
of this species in the Mediterranean sea using a non-invasive integrated
methodology. We set up and applied a monitoring protocol which also includes
endpoints, such as CYP1A, Lipid peroxidation, ENA assay, B esterases, never
investigated before in this species. Seventy-five loggerhead turtles were sampled in
a non-invasive way in Italian Sea Turtle Rescue Centers or free-ranging along the
Spanish coasts. Blood, skin and carapace samples were used to test biomarker
responses and contaminant (OCs, PAHSs, Pb, Cd, Hg) levels. We measured
biomarkers of exposure to lipophilic contaminants (CYP1A in skin biopsies),
biomarkers of indirect and direct effects investigating neurotoxic (esterases
inhibition) and estrogenic (vitellogenin) effects, oxidative stress (lipid
peroxidation), genotoxicity (Comet and ENA assays) and liver damage (Gamma
Glutamyl Transferase). Elaboration of experimental results was carried out taking
also into consideration different age classes of the specimens. Among the main
results obtained we should underline the statistically significant correlation between
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carcinogenic PAHSs in blood and DNA fragmentation as well as between Cd in
carapace and GGT in plasma. We measured a very sharp band with a molecular
weight of 59 kDa in skin sample that can be attributed to CYP1A, never
investigated earlier in this species. We also evidenced as the youngest animals
showed significantly higher DNA fragmentations, BChE inhibition and increase of
GGT, these alterations can be potentially related to their coastal habits. Older
specimens showed the highest levels of erythrocyte nuclear abnormalities which
may indicate a long term toxicological stress. This study contributed to expand the
knowledge about the ecotoxicology of C. caretta in the Mediterranean, the
non-invasive protocol could also be applied to other marine ecosystems and other
sea turtle species, and implemented with new endpoints in the near future.

28

Sucking clams or hunting seals - consequences to walrus health

H. Routti, The Norwegian Polar Institute; S. Bourgeon, University of Tromsg /
Department of Arctic Marine Biology; B. Diot, UiT The Arctic University of
Norway; N. Duale, Norwegian Institute of Public Health; A.T. Fisk, University of
Windsor / Great Lakes Institute for Environmental Research; M. Fossi, University
of Siena / Department of Physical Sciences, Earth and Environment; L. Hanssen,
M. Harju, NILU Norwegian Institute for Air Research; K.M. Kovacs, C.
Lydersen, Norwegian Polar Institute; I. Nymo, Norwegian Veterinary Institute; C.
Panti, University of Siena / Department of Physical Sciences, Earth and
Environment; S. Scotter, M. Tryland, UiT The Arctic University of Norway; G.D.
Villanger, Norwegian Institute of Public Health

The walrus (Odobenus rosmarus) is an ice-associated marine mammal with distinct
feeding habits. Concentrations of the main chlorinated pollutants, namely
polychlorinated biphenyls (PCBs) and chlordanes, in walruses that likely feed on
seals are very high - similar to levels observed in polar bears, whereas pollutants
concentrations in walruses feeding on benthos are lower. Although multiple studies
have associated contaminant exposure to adverse health effects in polar bears and
other marine mammals with similar contaminant exposure, there are, to our
knowledge, no studies to date investigating effects of pollutants in walruses. The
goal of our study was to investigate contaminant and pathogen exposure and
endocrine disruption in walruses feeding at different trophic levels. Samples from
adult male walruses (n=39) were collected from at Svalbard, Norway. Stable
isotope values determined in seven body compartments indicated that all of the
walruses in this study fed at a low trophic level. However, concentrations of blubber
lipopohilic compounds showed very high individual variation. Concentrations of
chlorinated compounds have decreased since they were last studied in walruses
sampled, in the same area as the current study, during 2002-2004. Plasma PFAS
concentrations varied less betweeen individuals. 6°N values in red blood cells and
in mid parts of vibrissae were positively related to concentrations of lipophilic
compounds, but not to PFASs. Antibodies against Brucella spp. and Toxoplasma
gondii were detected in 26 % and 15 % of the walrus plasma samples, respectively.
Presence of Brucella spp. and Toxoplasma gondii were not related to contaminant
exposure or stable isotope values. Among the 5 thyroid hormone concentrations
analyzed in plasma, concentrations of TT4 were negatively related to
concentrations of lipophilic compounds. Finally, we analyzed transcript levels of 21
target genes in blood cells and 7 target genes in blubber related to endocrine and
immune functions by real-time quantitative PCR. The preliminary results indicate
few relationships between transcript levels of genes involved in endocrine functions
and pollutant exposure.

29

Triclosan-induced embryotoxicity in the yellow-legged gull

C.D. Possenti, Universita degli Studi di Milano; G. Poma, S. Defossé, University of
Antwerp Toxicological Center; N. Saino, University of Milano; A. Covaci,
University of Antwerp, Toxicological Center / Toxicological Centre Dep of
Pharmaceutical Sciences; M. Parolini, University of Milan / Department of
Environmental Science and Policy

Triclosan (TCS) is a chemical compound extensively used as synthetic and
antimicrobial agent in a wide range of personal care products. Because of its
hydrophobic nature and its discharge in the sewer system, TCS accumulates in
settled sewage sludge and surface water, contaminating aquatic and terrestrial
ecosystems. However, information on the presence and toxicity of TCS towards
wildlife species is very scarce. Seabirds are highly exposed to environmental
contamination because of their ecological habits, high trophic position in the food
webs and relative long life-span. Their eggs are a useful tool to monitor the levels of
environmental pollutants and their potential adverse effects because these
chemicals can be maternally-transferred to the offspring. However, such
information on TCS is lacking. The aim of this study was to explore, through in ovo
injection, the potential embryotoxicity of TCS in the yellow-legged gull (Larus
michahellis). In a within-clutch experimental design, 150 ng/g egg weight of TCS
were injected into the egg yolk and the effects on embryo morphology, oxidative
stress and genetic damage in embryo liver were investigated. Specifically, we
assessed effects on embryo body mass, tarsus length and head size, as well as liver
and brain mass. The amount of oxidant species (i.e. ROS), enzymatic activities
(SOD, CAT, GST) and the levels of lipid peroxidation (LPO) were measured as
biomarkers of oxidative stress, while levels of DNA fragmentation were measured
as genetic damage endpoint. To check for the reliability of the injection method, we

quantified TCS concentration in the yolk of unincubated eggs, while to assess its
transfer to the embryo, we measured TCS in residual yolk and in the liver and brain.
TCS concentrations in yolk from unincubated eggs were similar to the nominal ones
(158.9+35.3 ng/g wet weight), while lower concentrations were found in residual
yolk soon before hatching (2.9+1.1 ng/g wet weight). TCS was also detected in the
liver (2.3+1.1 ng/g wet weight) and limitedly in the brain (0.2+0.1 ng/g wet weight).
TCS treatment did not significantly affect embryo morphological traits. However,
TCS significantly increased ROS levels and promoted GST activity, leading to a
marginally non-significant increase of both oxidative and genetic damage. Thus,
these findings demonstrated, for the first time in a wild bird species, that TCS may
affect offspring phenotype and may represent a potential threat for coastal
ecosystems.
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Egg overspray with herbicides and fungicides reduces chick survival in
red-legged partridges

M. Ortiz Santaliestra, Institute for Game and Wildlife Research (IREC)
UCLM-CSIC-JCCM,; V. Alcaide, IRIAF / Centro de Investigacion Agroambiental
El Chaparrillo; R. Mateo, IREC-CSIC- UCLM / Grupo de Toxicologia de Fauna
Silvestre; F. Mougeot, IREC

Toxicity characterization in pesticide risk assessment for birds is derived from oral
exposure of adults. However, for ground-nesting species, a temporal and spatial
overlap of egg laying and incubation with pesticide applications may result in direct
exposure of the eggs. Using formulations commonly applied to cereal crops in
spring, we conducted two experiments to analyse the effects of 2,4-D and
tebuconazole on embryonic development and post-hatching survival of a common
farmland bird, the red-legged partridge (Alectoris rufa). The first experiment
simulated egg overspray with pesticides and the second one the incubation of eggs
upon a soil that had been previously sprayed. For both experiments we used an
application rate, corresponding to a 30% of the labelled application rate of each
product (i.e. assuming a 70% interception by crop), and a control consisting of
water application in stead of pesticide formulations. Eggs were incubated at 37°C
and 45% humidity until hatching (23-26 days). Sixteen eggs per treatment were
removed from the experiment at different incubation times to analyse pesticide
uptake (ongoing analyses, results will be presented at the meeting), and a minimum
N=20 per treatment was monitored for embryonic development and post-hatching
survival. Chicks were weighted and measured (tarsus length), and body condition
calculated, at hatching and at days 8, 16, 24 and 32 post-hatching. Egg overspray
with pesticides significantly increased chick mortality (Wald’s X? = 29.909, 14 d.f.,
p = 0.008). Although pesticides did not affect survivorship at hatching time, in ovo
exposure to both 2,4-D and tebuconazole caused increased mortality of chicks
afterwards, resulting in a reduction of productivity 32 days after hatching of 30.6
and 25.9%, respectively. Incubation of eggs in pesticide applied soils did not
significantly affect chick survival (Wald’s X? = 15.603, 14 d.f., p = 0.338), and
nestling growth was not affected in either experiment by embryonic exposure to
pesticides. These results suggest that reduction of embryonic and chick survival
because of egg overspray with pesticides can be a potential way by which these
products may affect reproduction in birds. Likewise, potential time lapses between
the exposure period and effect occurence need to be considered when monitoring
pesticide impacts on avian reprodutcive output. Financed by the Spanish Ministry
of Economy and Competitiveness (Project ref. CGL2016-75278-R)

Biocides and Veterinary Medicines: latest developments in
regulatory risk assessment, research and monitoring

31

Regulatory improvement in the assessment of environmental risks from
veterinary medicines; a European Perspective

J. Weeks, Joint Nature Conservation Committee

This presentation will focus on the developments in the environmental risk
assessment of veterinary medicines from a European regulatory perspective. There
is a need to continuously develop and react to changing requirements to perform
more sophisticated, quantitative or robust environmental risk assessments for
veterinary medicine products. The centralised approval of new veterinary
medicines within the EU, is the responsibility of the European Medicines Agency
(EMA); however, developed best practices are shared by all member states. The
EMA also aids in coordinating other European procedures with several member
states involved. EMA frequently authorises and takes advice from specialist
working parties aligned to the specific provision or modification of regulatory
guidelines or procedures within the committee for veterinary medicine products
(CVMP). One such group focuses on the improvement of the guidance to industry
and other stakeholders on environmental risk assessment alongside the provision of
reflection documents that aid understanding or address specific areas for
clarification in regulatory procedures. The overview will highlight some of these
recent developments, in improved regulatory advice for current or future
procedures. It will summarily cover issues around assessing and limiting veterinary
medicines in groundwater, the use of higher tier testing of dung fauna, the use of
higher tier plant testing, improvements in PBT assessments, future plans around
developing improved guidance for the assessment of risks from aquaculture
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medicines and the role of veterinary medicines in driving AMR in the environment
and its potential consequences and mitigation. The session will feature successes,
current issues and developments in improving the guidance on the assessment of
veterinary medicines in the environment; and will reflect on the future challenges
and difficulties faced by the regulators and industry alike. This paper will
acknowledge the significant continuing contribution made by the Environmental
Risk Assessment Working Party (ERA-WP) of the CVMP.

32

Risk of veterinary medicines to plants: Reflections for an updated approach.
R. Carapeto Garcia, Spanish Medicines Agency / Veterinary medicines; A. Haro
Castuera, Spanish Medicines Agency / Veterinary Medicines Department; G.
Cortés Ruiz, C. Rubio Montejano, Spanish Medicines Agency / Department of
Veterinary Medicines

In an Environmental Risk Assessment (ERA) the General Protections Goals need to
be translated into Operational Protection Goals in order to achieve efficient and
robust ERAs. Not doing so hinders the process of Risk Management in those cases
where arisk is identified. In the current regulatory framework of ERA of Veterinary
Medicinal Products (VMP) the General Protection Goal (“Protection of
ecosystems”) is not translated into Operational Protection Goals. Hence, when risks
are found it is complicated to manage or mitigate such risks. In the taxonomic level
of “terrestrial plants” some VMPs have shown different levels of risks. From the
Risk Assessor perspective it is difficult to deal with these risks, partly due to the
lack of guidance on Operational Protection Goals. Here we analyze a proposal of
using, in the VMPs framework, two Operational Protection Goals in the risk
assessment of terrestrial plants: “Protection of Human Interest” and “Protection of
Environmental Interests”.
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Innovative environmental assessment of a veterinary medicinal product:
watershed-level impacts of trenbolone acetate and 17p-estradiol

J.P. Staveley, Q. Ma, J. Ma, Exponent; C. Celly, Intervet Inc. d/b/a Merck Animal
Health; G. Scheef, MSD Animal Health Innovation GmbH / Preclinical
Development

Environmental assessments of pharmaceuticals are required by regulatory
authorities as part of the drug approval process. Revalor-XR is an extended-release
implant for use in cattle fed in confinement (steers and heifers) that contains
trenbolone acetate and 17p-estradiol (17B-E2) as active pharmaceutical ingredients
(APIs). Both APIs are metabolized in situ resulting in the excretion of
17p-trenbolone (178-TB), 17a-trenbolone (17a-TB), trendione (TBO), 17B-E2,
17a-estradiol (17a-E2), and estrone (E1). The similarity in chemical structures and
many of the environmental fate properties among 178-TB, 170-TB, and TBO, and
that among 170 -E2, 17a-E2, and E1 promote the use of surrogate compounds to
represent the trenbolone compounds and the estradiol compounds in the
environmental assessment. Data on the individual compounds were collected from
various laboratory studies and literature sources, aggregated to generate
representative values for the surrogate compounds to characterize their
environmental fate, and used for exposure assessments at feedlot-, field- and
watershed-scales. Nine exposure pathways were evaluated at the feedlot and field
scale, allowing for elimination of insignificant pathways for the watershed-scale
modeling, which considered the major exposure pathways and was conducted for
two representative watersheds, one in Texas and one in lowa, using the U.S. EPA’s
BASINS/HSPF model. The outputs of the modeling efforts resulted in Predicted
Environmental Concentrations (PECs) for the surrogate compounds for individual
as well as aggregated exposure pathways. The effects assessment was focused on
potential reproductive impacts to fish from chronic exposure, which is the most
sensitive ecological endpoint for these compounds, and generated Predicted
No-Effect Concentrations (PNECs) for 170-TB, 17p-TB, 170-E2, and 17B-E2. Risk
characterization involved comparison of the PECs for the surrogate compounds to
the PNEC:s of the individual compounds. The assessment at the watershed scale
demonstrated that it is highly unlikely that the compounds associated with
Revalor-XR would have any significant environmental impacts when used
according to the Revalor-XR label. The environmental assessment supported a
Finding of No Significant Impact by the U.S. Food and Drug Administration from
the use of Revalor-XR in beef steers and heifers in the US.
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How can mesocosm studies increase realism in risk assessment of biocides and
veterinary medicines?

L. Déren, ERM / Product Stewardship; U. Hommen, Fraunhofer IME; P. Ebke,
MESOCOSM GmbH Institut fiir Gewdsserschutz; R. Duering, Justus Liebig
University Giessen / Research Centre for BioSystems, Land Use, and Nutrition
(IFZ), Institute of Soil Science and Soil Conservation

Mesocosm studies can be used to assess the environmental impact of potential
stressors based on model-ecosystems under realistic environmental conditions.
They are an important link from laboratory to field. Mesocosms provide the
assessment of a broad range of different species of different ecological groups
forming food webs with complex interactions. Therefore mesocosm studies can
support a better understanding of the environmental impact of stressors on
population level as well as on ecosystem level (e.g. direct and indirect effects on

community structure and ecosystem functions as primary production). In addition,
mesocosm studies provide data on the fate of test substances under realistic outdoor
conditions, which can be used to test the prediction based on laboratory studies.
While for the risk assessment of Plant Protection Products (PPP) mesocosm studies
are an established higher tier approach and are considered as the surrogate reference
tier, the use of mesocosm studies for risk assessment of biocides, veterinary
medicines and chemicals under REACH is rare, although mesocosms are
recommended in the Guidance on information requirements and chemical safety
assessment - Chapter R.10: Characterisation of dose [concentration]-response for
environment and in the Guidance on the Biocidal Products Regulation - Volume 1V
Environment - Assessment and Evaluation both provided by ECHA. One reason for
this might be, that mesocosm studies have the reputation to be very complex and
difficult to evaluate by regulators. This presentation intends to take some fears of
contact with mesocosms. It will explain the most important aspects to validate the
quality of a mesocosm study and the relevance of the results. Further, it will give
some insights to the use of (aquatic) mesocosm studies in the context of PPP risk
assessment and will provide important aspects for planning a mesocosm study for
biocides, veterinary medicines and chemicals in the context of REACH.
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Emission estimation of insecticides in mink farms

R.G. Ovesen, Danish Environmental Protection Age; H. Bekgaard, Kopenhagen
Fur

Biocides are regulated in EU by the BPR [1]. To evaluate if an active substance
(a.i.) or product may be authorised, an assessment of the environmental exposure is
required. For insecticides used in stables an Emission Scenario Document (ESD)
[2] is used covering application methods and a range of animal categories. The ESD
does not cover biocides used in mink farms. A scenario has therefore been
developed, where emission of a.i. from mink farms is calculated based on either
amount applied or measured concentration in straw. Default values have been
estimated from regulation and general practice in mink production in the Nordic
countries, where Denmark has the highest production of mink in Europe [3]. Each
breeding animal is kept individually in one cage to be treated at the start of the
season. Mother and cubs stay together in one cage and are separated into pairs after
lactation, where all cages are retreated. Each mother will bear 5.55 cubs/year
according to Danish regulation [4]. The number of “breeding females” (BF) is 1
mother+5.55 cubs. The number of nest boxes that is treated/BF may be calculated
as follows: 1 animal/nest box before separation and 6.55/2 animals (=3.275)/nest
boxes after separation. In Europe it is prohibited to discharge waste from stables to
public sewer. Emission is therefore only expected to be to agricultural land.
Emission of manure/straw may be from up to 50 BF per hectare (ha) per year based
on regulation in the Nordic countries. Emission according to application pattern: Y
= Qprod X Fconc X (Napp before sep +3.275x Napp after sep) X B Xx 10-3(Eq- 1) Where Y is
emission of a.i. in kg/(ha x year), Qproq is amount of product/nest box in g, Feonc IS
concentration of a.i. in the product in g/Kg, Napp vefore sep 1S NUMber of treatments
before separation of adults and cubs, Napp atter sep iS NUMber of treatments after
separation of adults and cubs and B is amount of straw/manure that may be applied
to land in number of BF/ha (B = 50). Emission based on amount of straw/manure
applied to the field: Y = Concentration of a.i. in straw/manure x 750 kg straw per
BF per ha(eg. 2) Where amount of straw used per BF is 10-15 kg/year according to
Kopenhagen Fur. The emission based on Nordic countries regulations and
information from Kopenhagen Fur on amount of straw used per BF is 50 BF per ha
x 15 kg straw per BF=750 kg straw per BF per ha. Predicted Environmental
Concentration in soil may be calculated according to VVolume IV Part B [5].
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Biocidal active substances in municipal wastewater - what product groups are
the sources?

S. Wieck, Leuphana University of Luneburg / Institute for Sustainable and
Environmental Chemistry; O. Olsson, Leuphana University of Lueneburg / Institute
for Sustainable and Environmental Chemistry; K. Kiimmerer, Leuphana University
of Lineburg / Institute of Sustainable and Environmental Chemistry

The emission sources of biocidal active substances in households have been under
discussion since these substances have been detected frequently in municipal
wastewater. The emissions from the outsides of houses, e.g. facades, have already
been discussed in detail. However, until now the specific sources from the interior
of these households remained unknown. To investigate the products responsible for
these emission to wastewater, we analysed the wastewater of one neighbourhood
for a set of biocidal active substances and compared these results with household
product inventories. Time-proportional sampling of daily samples was conducted
during one year for one week of each season. The 14 substances analysed with an
LC-MS/MS method were BIT, C12-benzalkonium chloride, carbendazim, CMIT,
DCOIT, DEET, diuron, icaridine, OIT, piperonyl butoxide (PBO), triclosan,
tebuconazole, terbutryn and tetramethrin. In comparison with data available from
household product inventories of this neighbourhood, we investigated the product
groups possibly being responsible for the emissions to the wastewater. Except for
CMIT, DCOIT, PBO and tetramethrin, all substances have been detected in at least
10 % of the samples. Highest concentrations were measured for C12-benzalkonium
chloride with an average concentration of 6.6 pg/L. Besides C12-benzalkonium
chloride, BIT, DEET and icaridine were measured in all samples. The results show
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that washing and cleaning agents are important sources for preservatives such as
BIT and OIT, while triclosan was apparently mainly emitted through personal care
products. The mosquito repelling substances DEET and icaridine were found
throughout the whole year, with highest emissions in summer and autumn.
C12-benzalkonium chloride concentrations were associated with the inventoried
disinfectants. Material preservatives such as terbutryn, diuron, tebuconazole or
carbendazim were also detected. As these were not listed on the inventoried
products, emission via treated materials such as paint, render, seals or textiles seems
likely. We were able to show that biocidal active substances are emitted from the
inside of households in considerable concentrations. Those emissions are not only
due to biocidal products but also washing and cleaning agents, personal care
products and preserved materials. For this reason, measures should not only tackle
biocidal products when it comes to the reduction of biocidal active substances in
wastewater.

The environment as a reactor determining fate and toxicity of
nanomaterials (I)
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Comparative multi-generation study of long-term effects of pristine and
wastewater-borne silver and titanium dioxide nanoparticles on reproduction
in Daphnia magna

S. Hartmann, University of Siegen, Institute of Biology / Department of Chemistry
and Biology; R. Louch, University of Manchester; R. Zeumer, Fraunhofer IME -
Institute for Molecular Biology and Applied Ecology / Bioaccumulation and
Animal Metabolism; C. Schlechtriem, Fraunhofer IME / Department
Bioaccumulation and Animal Metabolism; K. Witte, University of Siegen /
Department of Chemistry and Biology

Manufactured nanomaterials (MNMs) and especially Ag- and Ti0,-NPs are
processed in daily used products such as cosmetics, clothing and in medical
supplies. After passing wastewater treatment plants these MNMs reach the aquatic
environment and can accumulate in the aquatic ecosystem and cause toxicity to
aquatic organisms. To assess the risk potential of these NPs to aquatic invertebrates
under more realistic circumstances, we investigated and compared possible effects
of pristine Ag-NPs and Ti02 NPs with those after passing a model wastewater
treatment plant on the reproductive success (number of offspring), mortality and
body size of adult daphnia as endpoints in up to six generations. We exposed
daphnia to: (i) pristine Ag-NPs (NM300K) and TiO,-NPs (NM105) or (ii)
wastewater borne Ag- and TiO»-nanoparticles from effluent from the model
WWTP. The first generation of daphnia was exposed to four concentrations of
Ag-NPs (nominal: 1.25 pg/L, 2.5 pg/L, 5.0 pg/L and 10.0 pg/L), to solvent control
(NM300K DIS), or to three concentrations of TiO,-NPs (nominal: 25 pg/L, 50
ug/L, 100 pg/L) in line with the OECD guideline No. 211. Each generation was
exposed for 21 days and started with the third brood from the previous one. In all six
generations the exposure with pristine Ag-NPs (NM300K) for 21 days caused a
significant reduction in the mean number of offspring in daphnia compared to the
control. However, wastewater-borne Ag-NPs had no effects on reproduction in any
generation. In the pristine Ag-NPs treatment the mean body length of daphnia was
significantly larger at 5 pg/L in generation F2 and at 2.5 pg/L in generation F3
compared to the control. In the wastewater-borne Ag-NP treatment the adults” body
length was significantly larger at 2.5 pg/L. Thus, adult’s body length showed no
consistent pattern towards both scenarios. When passing WWTPs most Ag-NPs
might be transformed and enter the aquatic environment as silver sulfide. That may
be the reason for the lower toxicity than compared to other forms of Ag-NPs. Our
results provide a first, direct comparison between the toxicity of pristine Ag-NPs
and TiO,-NPs with those from WWTP. To our knowledge, the present study is the
first one showing that Ag-NPs from a wastewater treatment plant had a minor and
no chronic toxicity to Daphnia magna. The used experimental approach allows a
more realistic risk assessment of Ag-NPs and TiO2-NPs for the aquatic
environment. The experiment with TiO2-NPs are in progress.
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Development of a rapid screen to assess bioaccumulation potential: from ex
vivo to in vivo using pristine and aged nanomaterials in fish

N. Clark, School of Biological Sciences, Plymouth University; D. Boyle, Plymouth
University; R. Handy, University of Plymouth

Bioaccumulation is one of the key triggers of concern for environmental risk
assessment that has had little consideration for engineered nanomaterials (ENMs).
Given that ENMs undergo surface chemical reactions, agglomerate and sediment,
the likely exposure route to higher trophic organisms (e.g., fish) is through the diet.
Here, we address the suitability of an ex vivo gut sac technique to rapidly screen the
bioaccumulation potential of pristine (Ag NPs) and environmentally aged (Ag,S
NPs) materials. Additionally, we assess whether the results of the gut sac
experiment can predict in vivo chronic dietary exposure. The gut sacs were prepared
by removing the entire gastrointestinal tract and separating it into the oesophagus,
stomach, anterior, mid and hind intestine compartments. Compartments were
exposed by filling the lumen with one of four solutions: physiological gut saline or
saline spiked with 1 mg/L Ag as AgNO; Ag NP or Ag.S NP. Following a 4 h
exposure, tissues were cut open and the mucosa was separated from the underlying
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muscularis, through scraping via a microscope slide. For the in vivo chronic dietary
exposure, fish (n = 350) were graded into tanks (n = 3 tank/treatment). Fish were fed
either a control (no added Ag), 100 mg/kg as AgNOs, Ag NPs or Ag,S NPs. Fish
were sampled each week (1, 2, 3 and 4; n = 2 fish/tank/time point). Following this,
all tanks were placed on the control diet for another two weeks to measure Ag
elimination. During sampling, the mid and hind intestine, liver, gallbladder, kidney,
spleen, gill, brain and carcass were dissected. Tissues from both experiments were
analysed for total Ag using ICP-MS. The gut sac experiment demonstrates the
uptake of Ag is associated with the mid and hind intestine. There was significantly
less Ag in the muscularis of the mid and hind intestine after exposure to Ag NP and
Ag>S NP compared to AgNOs, but no difference between ENM treatments. The in
vivo experiment demonstrated significantly more Ag in the mid and hind intestine
of Ag NP and AgNOs; treatments compared to Ag,S NPs. Silver from all the
exposures were able to pass the gut epithelium and cause total concentrations in the
liver to rise, despite the form being unknown. In conclusion, the ex vivo gut sac
method can be used to rapidly screen the bioavailability of Ag NPs and Ag,S NPs.
However, if the data are ranked in the mid and hind intestine by total Ag
accumulation, the gut sac does not directly predict in vivo accumulation.
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Fate and Effect of Wastewater Borne Manufactured Nanomaterials on the
Aquatic Food Chain

R. Zeumer, Fraunhofer IME - Institute for Molecular Biology and Applied Ecology
/ Bioaccumulation and Animal Metabolism; B. Knopf, Fraunhofer Institute for
Molecular Biology and Applied Ecology IME / Environmental Specimen Bank and
Elemental Analysis; B. Meisterjahn, Fraunhofer Institute for Molecular Biology
and Applied Ecology IME / Ecological chemistry; I. Lopes, University of Aveiro /
Department of Biology & CESAM, 3810-193 Aveiro; V. Galhano, Department of
Biology & CESAM - University of Aveiro / Biology (dBio); M. Monteiro, Aveiro
University / Biology; S. Loureiro, Universidade de Aveiro / Biology; C.
Schlechtriem, Fraunhofer IME / Department Bioaccumulation and Animal
Metabolism

Manufactured nanomaterials (MNMSs) are widely used in various applications and
commercial products, e.g. textiles, sunscreens, paints, cosmetics etc. Even though
MNMs are mostly removed during wastewater treatment, the remaining and mostly
transformed MNMs in the effluents are significant and may show an increased
toxicity for aquatic organisms due to their modification during the WWT. The
impact of wastewater-borne MNMs (TiO, and Ag MNMs) on different trophic
levels and their bioaccumulation within a relevant food chain (algae-Daphnia-fish)
have been investigated with innovative analytical and experimental
approaches.Several model WWTPs were conducted according to OECD Guideline
303A. The collected effluents were used to perform acute and chronic tests with
Daphnia magna and Onchorhynchus mykiss according to the OECD guidelines
202, 211, 215 and 305. Animals were exposed to (i) effluent from model WWTPs
contaminated with MNMs, (ii) uncontaminated effluent, manually spiked with
MNMs and (iii) dilution water enriched with pristine MNMs. Tissue samples of the
different test organisms were analyzed for changes in the levels of several
biochemical markers [lipid peroxidation; activities of acetylcholinesterase (AChE),
lactate dehydrogenase (LDH), superoxide dismutase (SOD), catalase (CAT) and
glutathione S-transferase (GST)]. Furthermore, uptake and elimination kinetics of
the MNM s were investigated by quantitative ICP-MS and ICP-OES analysis.No
chronic effects were found in D. magna after exposure to effluents with
transformed AgNPs. However, when supplemented into uncontaminated effluents
or dilution water, the amount of offspring per adult daphnid decreased with
increasing AgNP concentration. For nano-TiO,, no effects on the reproduction of
D. magna could be shown at environmentally relevant concentrations. Only after
chronic exposure to the very high concentrations of 5 mg/L and 10 mg/L significant
effects could be shown.Neither nano-Ag nor nano-TiO, showed an effect on the
growth of juvenile rainbow trouts after 28 days of exposure.The analysis of
biochemical markers showed that several effects induced by chronic exposure to
MNMs were observed. However, no general effect pattern could be identified. Total
MNM levels were measured in several tissue samples in D. magna and O. mykiss
following exposure via the water or food. Pristine nanomaterials showed a
significantly higher uptake into the test organisms compared to supplemented and
treated WWTP effluents.
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Uptake and elimination kinetics of pristine and aged silver nanoparticles in
freshwater benthic organisms

P. Silva, Universidade de Aveiro; C. van Gestel, Vrije Universiteit Amsterdam /
Ecological Science; R.A. Verweij, Vrije Universiteit Amsterdam / Department of
Ecological Science; S. Loureiro, Universidade de Aveiro / Biology

Nanomaterials (NMs) can undergo changes in their properties and behaviour during
application and disposal. Once in the environment, different forms of NMs can be
taken up by organisms and suffer biologically-driven alterations. Toxicokinetic
modelling can provide important information about ways of uptake, internal
processing and elimination of NMs. Freshwater systems are important sinks for
NMs, especially considering the sediment phase, where benthic organisms can be
exposed through both water and sediment. Considering this, the aim of the present
study was to determine the uptake and elimination constant rates of pristine and

SETAC Europe 28th Annual Meeting Abstract Book



(simulated) aged silver nanoparticles (Ag-NPs) in freshwater benthic organisms. In
this study the pulmonate snail Physa acuta, the non-biting midge Chironomus
riparius and the planarian Dugesia tigrina were used as tests species. Pristine
Ag-NPs of different sizes (3-8nm, 50nm and 60nm), a 27nm silver sulphide
(Ag2S-NPs) simulating aging, and their ionic counterpart as silver nitrate (AgNO3)
were tested. Bioaccumulation tests consisted of an uptake phase, where organisms
were exposed in glass beakers with sediment and contaminated aqueous medium in
a concentration of 10 pg Ag.L™, and an elimination phase where organisms were
transferred to clean medium. Animals were sampled during the tests and total body
Ag concentration was analysed by graphite furnace atomic absorption
spectrometry. Kinetics of Ag-NPs and ionic Ag were described by
one-compartment models. In this work, uptake and elimination kinetics of the
different Ag forms showed to differ between organisms. In general, chironomids
presented higher k1 values which can be related to their higher exposure to settled
Ag in the sediment. Larvae exposed to Ag 50nm showed the highest uptake rate
constant (k1) and the highest elimination rate constant (k2), suggesting that Ag
50nm was easily taken up and eliminated from the body. Ag,S-NPs displayed a k2
close to zero, indicating that not only uptake was less in the larvae but also that they
were less eliminated. Snails showed faster uptake and elimination of Ag,S-NP from
the body compared to other Ag forms. For planarians, results revealed very similar
k1 values, with the highest k1 for animals exposed to ionic Ag and the lowest for Ag
60nm exposure. Analysis of Ag in the sediment will be soon available to elucidate
the behaviour of Ag, especially at the water-sediment interface, where most benthic
organisms are exposed.
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Transformation of silver nanomaterials by ubiquitous zinc finger peptides

K. Wheeler, Z. Amaris, G. Park, M. Eiken, K. Baumgartner, J. Marckwordt, Santa
Clara University / Chemistry & Biochemistry

In biological systems, chemical and physical transformations of engineered silver
nanoparticles (AgENMSs) are mediated, in part, by proteins and other biomolecules.
Given the high affinity of thiolate ligands for silver, metalloproteins are key targets
to evaluate the role of biomolecules in AGENM transformations. In turn,
metalloprotein interactions with AGENMSs are also central in mechanistic studies of
cellular impacts of AGQENMs, including toxicity, antimicrobial, and resistance
mechanisms. Despite the shared preference of both silver and zinc for thiolate and
amine coordination, the interactions of zinc finger domains with AGENMs is not
well studied. Zinc fingers constitute a large class of metalloproteins, ubiquitous in
eukaryotes, that use a combination of cysteine and histidine residues that bind
Zn(I1) as a structural element. Zinc finger domains within proteins typically serve
as interactors and can binding DNA, RNA, proteins or small molecules to mediate
cell processes like transcription or translation. Using a small library of zinc finger
peptides, we have evaluated the impact of Zn fingers on AGQENMs aggregation and
dissolution. Zinc finger peptides drive AGQENM dissolution resulting in release of
Ag(l)(aq) at orders of magnitude higher rates than other model proteins, including a
few metalloproteins. The release of Ag(l)(aq) is central to mechanisms of cellular
response and toxicity of AGENMSs. Indeed, Cu(l) binds to both the apopeptides and
the Co(ll)-substituted peptides; the stoichiometry of Ag(l) binding is dependent on
the peptide primary sequence. Additional studies using fluorescence spectroscopy
to monitor Ag(l) binding to the Zn finger peptide indicate that the Ag(l) effectively
completes with Zn(Il) at the metal binding site, despite the high affinity of Zn(ll)
for the peptide. Circular dichroism spectroscopy used to assess changes in the
peptide secondary structure demonstrate that the addition of either form of silver
alters peptide structure and structural perturbations are again dependent upon the
peptide sequence. These results show that Zn finger peptides can mediate AGENM
transformations within eukaryotic cells. In turn, for the Zn finger peptides studied
here, Ag(l) is the thermodynamically favored metal despite the known high Zn(l1)
affinity of zinc finger domains. This works suggests that Ag(l)-substituted zinc
finger domains might be relevant in the context of both silver toxicity mechanisms
and silver-responsive transcription factors.
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Fate and effects of transformed Ag and TiO2 nanoparticles aged through a
lab-scale wastewater treatment system

A. Georgantzopoulou, Norwegian Institute for Water Research NIVA; C.
Vogelsang, NIVA Norwegian Institute for Water Research; C. Coutris,
Norwegian Institute of Bioeconomy Research NIBIO / Dpt for Soil Quality and
Climate; F. Polesel, Technical University of Denmark (DTU) /DTU
Environment; B. Pl6sz, University of Bath; K. Ndungu, NIVA Norwegian
Institute for Water Research; P.A. Carvalho, SINTEF Materials and Chemistry; A.
Macken, NIVA / marine pollution

The increase in production and use of Ag and TiO, nanomaterials has led to their
release in wastewater streams and subsequently in the environment. Nanoparticles
(NPs) can undergo transformations in environmental media such as wastewaters
leading to an alteration in behavior, bioavailability and toxicity that may differ from
their pristine counterparts and make predictions challenging. In this context, the
overall goal of the study was to elucidate (i) the behavior and transformation of Ag
and TiO, NPs in realistic matrices such as wastewater effluents and activated sludge
and (ii) the subsequent effects of transformed particles in comparison to their
pristine counterparts. In this study, a laboratory-scale wastewater treatment system
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was established and combined with a battery of ecotoxicological assays and
characterization techniques. The system contained activated sludge and was
operated as a pre-denitrification system fed with synthetic wastewater spiked daily
with 10 pg Ag NPs/L (PVP coated, 25 nm, nanoComposix) and 100 pg TiO, NPs/L
(nominal primary size of 5 nm, NM-101, JRC) over a period of 5 weeks. During
that period the effluents were collected weekly and the excess sludge was stored for
the evaluation of terrestrial toxicity. Samples from all reactors and effluents were
collected weekly and analyzed by sequential filtration and ICP-MS to determine the
partitioning of NPs and their transformation products. Transmission electron
microscopy and sp-ICP-MS were performed on selected samples. The effects of
aged particles were assessed using a battery of bioassays including freshwater and
marine algae (growth inhibition and reactive oxygen species -ROS- formation),
crustaceans, as well as in vitro models of relevance for NP toxicity assessement
(RTgill-W1 cell line, effects on metabolic activity, epithelial integrity, ROS
formation, gene expression). The extent of the observed effects was dependent on
the organism exposed, with bottom feeding organisms and algae being more
sensitive, while the in vitro model was a good tool for environmental samples.
Furthermore, the biosolids generated from the lab-scale continuous system were
used in terrestrial microcosm experiments, giving insight into the fate and potential
accumulation in a model terrestrial system. Experimental data generated from the
continuous-flow operation of the activated sludge system and the targeted batch
experiments will be used to model the fate and the removal of NPs.

Advances in environmental risk assessment of oil spills and
offshore oil & gas operations (I)
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Optimization of Oil Spill Response Planning and Preparedness Using Spill
Mitigation Impact Assessment (SIMA)

R. Wenning, Ramboll Environ / Ecology & Sediment Management; E. Bizzotto,
M.J. Bock, H. Robinson, H.R. Diogo, Ramboll / Ecological Services

Oil spill emergency response plans (OSRP) are required as part of permitting for
offshore operations. An OSRP typically includes risk assessment and detailed plans
for responding to different types of oil spill accidents involving shipping, pipelines,
platforms, and/or subsea well heads. The owner/operator must demonstrate to state
and federal regulatory authorities that the company’s OSRP for offshore
exploration and production operations conform to all applicable regulations and
international standards and practices, and further demonstrate that the necessary
equipment and trained personnel are in place to respond quickly and effectively to
an oil spill accident. In the event of an oil spill accident, the priorities for oil spill
response (OSR) are to protect people, prevent or mitigate environmental damages,
and prevent impact to affected communities. Spill Impact Mitigation Assessment
(SIMA) is a science-based framework evolved from Net Environmental Benefits
Analysis (NEBA) to broaden the focus from consideration of mitigation of
ecological impact to include mitigation of socioeconomic and cultural impacts, as
well. SIMA is a method for identifying and comparing the socio -environmental
and -economic benefits of alternative OSR options, with the goal of selecting
options that best mitigate the consequences of spilled oil and impose the lowest
additional negative consequences on environmental and social resources. SIMA is
both site- and spill- specific, and is particularly useful during the initial planning
and preparedness period for oil and gas exploration and when new technologies and
best practices emerge that need to be adopted into safety, health and environmental
operational programs. This paper describes a spill impact mitigation assessment
framework using recent examples of OSRP work conducted for the Arctic Oil Spill
Response Technology Joint Industry Project, American Petroleum Institute Gulf of
Mexico Deepwater Project, and several companies working in tropical marine
environments. The applicability of SIMA to marine resources and habitats is also
discussed. The SIMA framework typically includes (a) assessment of initial
impacts and potential consequences in the marine environment, and (b)
effectiveness and consequences of deploying different spill response strategies.
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Adapting the SIMA Process to Assess Offshore Decommissioning Options

T. Coolbaugh, ExxonMobil Research & Engineering; A. Aziz, ExxonMobil
Upstream Research Company; P. Taylor, Petronia Consulting Limited; G. Coelho,
Sponson Group Inc.

For several decades, the oil and gas industry has used the Net Environmental
Benefit Analysis (NEBA) approach for oil spill response contingency planning.
Recently, IPIECA-API-IOGP published guidelines on the implementation of
NEBA, using a novel process known as Spill Impact Mitigation Assessment
(SIMA). When applied to oil spills, the objective of SIMA is to conduct an
evaluation that will enable decision-makers to choose response options that will
result in the best overall recovery of the ecological, socio-economic and cultural
resources. One of the key advantages to the SIMA process is its transparency — it
clearly shows and documents the assumptions and decisions that were used to arrive
at the conclusions. In most spill scenarios, no single response option is likely to be
completely effective; oftentimes, the best approach to minimize environmental
impacts is to employ multiple response options. This will require consensus
between key stakeholders and the various decision-makers on the benefits and
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drawbacks of each option, thereby developing response strategy. Similarly, oil and
gas operators are faced with complex options for decommissioning offshore
installations as part of their decommissioning plans. There is a need to evaluate
these options in a scientifically-defensible and consistent manner, while adequately
assessing risks that can be challenging to asses. An adapted SIMA process could be
a valuable tool for fostering collaboration between operators, stakeholders and
regulators, thereby ensuring a transparent review of engineering studies and
available decommissioning options in a meaningful way. This paper evaluates the
use of the SIMA process in a hypothetical decommissioning of an offshore platform
to determine if this process lends itself to this purpose. It describes the challenges
encountered when trying to conduct this comparative risk assessment, originally
intended for oil spill response, to the task of decommissioning. Finally, it proposes
adaptations to the SIMA process that might enable its use in the future as a credible
tool in assessing environmental risks for oil and gas decommissioning.

45

Detection and quantification of oil contamination in vegetated areas using
hyperspectral remote sensing

G. Lassalle, ONERA; S. Fabre, ONERA / Optics and Associated Technics; A.
Credoz, R. Hédacq, TOTAL SA/ Environment; P. Borderies, ONERA / DEMR; G.
Bertoni, INRA / Dynafor; D. Dubucg, TOTAL SA; A. Elger, University of
Toulouse / EcolLab

In the field of oil and gas production, there is a constant challenge in developing
new techniques of oil detection for prospection (natural seeps) and environmental
monitoring purposes (pipeline leaks, production mud pits). Among recent
techniques proposed, remote sensing, and especially hyperspectral spectroscopy,
has provided promising results for the detection of oil in vegetated areas. It is
achieved by extracting information from the spectral signature of vegetation, which
corresponds to its reflectance measured by a sensor over multiple, narrow and
contiguous wavelengths. Vegetation reflectance is driven by leaf structure,
pigments and water content, which can be affected by oil. As a result, the spectral
signature of vegetation is modified so it is possible to detect and quantify oil
exposure. The final objective of this rapid and non-destructive approach is to be
applied on airborne hyperspectral images at high spatial resolution (Rubus
fruticosus L.) exposed for 32 days to 6 to 25 g.kg™* total petroleum hydrocarbons
(TPH) from crude oil and mud pits under controlled conditions. Spectral signatures
were measured at different scales (leaf, plant and canopy) with a portable
spectroradiometer, using a leaf-clip or fixing the sensor above the plant. After 18
days, the signature of TPH-exposed plants was strongly modified. Compared to
controls, their reflectance increased in all wavelengths at leaf scale, up to 0.15
greater. The low ground coverage of TPH-exposed plants induced an opposite
response in the near- and short-wave infrared (750-2500 nm) at plant and canopy
scales. Vegetation indices (VI), computed by reflectance ratio at different
wavelengths, were able to discriminate among treatments, and remained robust
from leaf to canopy scale. Plant pigments, chlorophyll fluorescence and stomatal
conductance were also affected by TPH. The following step was to study the
spectral response of the species in situ, in an oil and gas brownfield with the same
contamination, ranging from 16 to 58 g.kg* TPH. Results indicated that the same
VI were highly correlated to TPH (r >0.7). Finally, VI allowed identifying the
brownfield from an airborne hyperspectral image at high spatial resolution, and thus
confirmed the potential of this technique for assessing environmental risks deriving
from oil and gas production in vegetated areas.\n\n
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A tool for tracking complex ecotoxicological effect data after large pollution
events with use of the Deepwater Horizon oil spill as a case study

J. Beyer, NIVA - Norwegian Institute for Water Research; H.C. Trannum, T.
Bakke, Norwegian Institute for Water Research; P.V. Hodson, Queens University /
School of Environmental Studies; T.K. Collier, Delta Independent Science Board
Ninth Street Suite Sacramento CA

The Deepwater Horizon Oil Spill (DWHOS) in 2010 is the largest and most studied
accidental marine oil spill in history. More than 100 new research studies
concerning the effects of the DWHOS have been published each year since 2011.
Key issues investigated include the behaviour and fate of oil in deep spills, the
effect of oil dispersant applications, microbial oil degradation, oil-associated
marine snow formation, oil impacts on deep water corals, seafood quality and
safety, oil contaminants effects on fish, birds and marine mammals, effects of
combined stressors on species and habitats, and habitat and ecosystem recovery
processes. To keep order in this flow of new knowledge is an important albeit
challenging task. It is essential that the lessons of DWHOS are applied globally to
improve pre-spill and post-spill measures to minimize the adverse ecological
impacts of the next big marine oil spill, wherever it may happen.In this presentation,
we demonstrate a convenient tool for keeping track of the large amount of
ecotoxicological data and knowledge that typically emerges from research and
monitoring after marine pollution disasters, using the DWHOS as a case study. In
addition, we provide a summary of the new insights about oil spill effects on marine
ecosystems that have been gained from the DWHOS research, and identify some
key knowledge gaps still remaining. The presentation will update a comprehensive
review about the environmental effects of DWHOS that we recently published in
Marine Pollution Bulletin.
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Oil spill combat and effects in the Arctic coastal environment; self-cleaning
potential and in situ burning

S. Wegeberg, Aarhus University / Department of Bioscience; J. Fritt-Rasmussen,
Aarhus University / Department of Bioscience - Arctic Environment; O.
Geertz-Hansen, M.B. Larsen, Greenland Institute of Natural Resources; K.
Gustavson, Aarhus University / Department of Bioscience - Arctic Environment
What is the environmental effects of a beaching oil spill in the Arctic, how well will
the shoreline potentially be able to self-clean and will combating the oil by in situ
burning at the coast just do more harm to the communities in the tidal zone? To
answer these questions, several studies have been performed at the west coast of
Greenland in 2016 and 2017. One aim of the studies was then to support net
environmental benefit analysis, NEBA, related to oil spill in Arctic waters. A
NEBA is often performed to achieve the optimal environmental effect with respect
to choice of oil spill combat methodology and biology at risk. Hence, a synthesis
will be presented of following studies: 1) removal rate and ecotoxicological effects
of oil smother on seaweed (Fucus distichus), an important organism of the
communities in the coastal tidal zone; 2) self-cleaning potential of a coast line,
including natural removal by seawater wash and physical degradation; and 3)
effects on the tidal communities after combat of a beaching oil spill by in situ
burning. Effects of oil smothering of the macroalgae Fucus distichus, which inhabit
the intertidal zone of the coasts in the Arctic, as well as its self-cleaning potential by
wash in sea were studied over a period of 2 weeks in a field test at Disko Island on
the Greenland west coast. The rate of natural removal and degradation of stranded
oil on rocky surface were investigated at three locations of low Arctic, middle
Arctic and high Arctic climatic regimes along the west coast of Greenland. The
study included experiments of natural removal of a crude oil and a heavy fuel oil
from tiles mimicking rocky shore substratum and was run in the period from May-
September 2017. The tiles were placed in different height levels of the tidal zone,
and hence natural removal and degradation rates in correlation to different water
cover regimes and air exposure times were obtained. The oil remains on the tiles
were analysed for chemical compositions. A pilot scale costal in situ burning
operation was performed during summer in a bay in western Greenland with a crude
oil for testing burning efficiency and environmental exposure and effects. The
studies were funded by the European Commission Horizon 2020 programme and
the Government of Greenland.
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How stable are our indices? - differentiating between sources in a weathering
environment

S.M. Mudge, NILU - Norwegian Institute for Air Research / IMPACT

Crude oil contains many hundreds of compounds and some of these are widely used
to differentiate between different oils and products, especially in spill scenarios.
Traditionally, we have developed chemical fingerprints based on a suite of
compounds such as the steranes and terpanes although the concept of a
“fingerprint” suggests this is static in time. However, it is also well known that
these compounds have differential degradation rates in the environment and the
pattern changes with period of exposure. It would be more appropriate to use a
“signature” analogy when comparing oils by this approach. The weathering
processes change the chemical signature and old oil may have a different chemical
composition to the original source oil. When we analyses such samples, we may
need to ask if this is the same oil as the proposed source, or a different oil with a
different signature that is also present. The steranes and terpanes contain several
homologues and analysis of the chemical signature during the Deepwater Horizon
Response clearly indicated that several of these compounds were not behaving
conservatively and were degrading at a faster rate than anticipated given the
exposure time. Comparisons with the actual oil released clearly identifies the
compounds most likely to alter and the environments where they degrade. In this
case, the Louisiana marshes were clearly a site where biodegradation was
significantly faster than expected. This was also true of the alkylated PAHs which
had been used as source identifiers in previous spills such as the Exxon Valdez. The
triaromatic steranes were also degrading at a significant rate while the oil was at sea
and the exposure to UV light may have led to a relatively rapid abiotic
transformation. When it comes to distinguishing between sources, less may be
more! We need to select the compounds we include in our analyses with care since
each question may need a different approach: if we want to know if the oil is
weathering, we use a suite of compounds with differential properties appropriate to
the environment of the spill. If we want to conduct source apportionment, we may
need to choose the most recalcitrant of the compounds rather than all of them.

Fish model species in human and environmental toxicology (1)

49

Exposure to bisphenol S alters microRNA expression in male zebrafish (Danio
rerio)

j. Lee, K. Ji, Yongin University

In response to the restriction of bisphenol A (BPA), bisphenol S (BPS) has been
widely used in the manufacturing of polycarbonate plastics and epoxy resins as an
alternative compound. BPS has been found to affect reproduction, development,
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and immune system. Although microRNAs (miRNASs) play a crucial role in many
metabolic activities, whether and how they are involved in the process of
BPS-induced toxicity is largely unknown. BPS-induced changes in miRNAs and
target gene expression in male zebrafish (Danio rerio) gonad, and the potential
mechanism was investigated. Male zebrafish were exposed to 0, 5, and 50 pg/L
BPS for 21 d. miRNA was isolated from the gonad pool and the expression profiles
of 255 known zebrafish miRNAs were analyzed using Affymetrix microarrays.
Quantitative real-time polymerase chain reaction was used to validate the
expression of several miRNAs in the microarray data. The GO term analysis
revealed that miRNAs significantly affected by BPS exposure were involved in
hematopoiesis, lymphoid organ development, and immune system development.
Among 14 miRNAs that were significantly regulated after exposure to 5 and 50
ng/L BPS, six miRNAs targeted cypl9alb gene, suggesting the role of
BPS-induced toxicity via the interference with the aromatization process. The
results of this study will provide novel insight into the epigenetic regulatory
mechanisms of BPS-induced toxicity in male zebrafish.
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Zebrafish as a model to investigate mechanisms of adverse metabolic and
cardiovascular outcomes associated with elevated dietary selenium exposure
D.M. Janz, University of Saskatchewan / Toxicology Centre; C. Pettem, University
of Saskatchewan - Toxicology Centre / Toxicology; J. Thomas, University of
Saskatchewan Toxicology Centre; L.P. Weber, University of Saskatchewan /
Veterinary Biomedical Sciences

A variety of anthropogenic activities cause increased loading of the essential trace
element selenium into aquatic ecosystems, where it poses an extreme toxicological
hazard to fishes due to the narrow range between essentiality and toxicity. Although
several studies have reported developmental toxicities in early life stages of fishes,
fewer studies have investigated sublethal toxicological effects that may occur
following dietary selenium exposure in adult fishes. Adult zebrafish were exposed
to dietary selenomethionine (SeMet) at Se-normal levels (1.1 - 1.3 ug Se/g food,
dry mass) and environmentally relevant supraphysiological levels (3.4 — 28.8 pg/g)
for 90 days. Swimming performance, O, consumption and metabolic rates were
determined using a swim tunnel respirometer. Cardiac function was assessed using
high resolution (30 um) ultrasound biomicroscopy. Whole-body energy stores
(triglycerides and glycogen) and mRNA transcript abundance of selected genes of
interest were determined. Compared to controls, adult zebrafish exposed to elevated
dietary SeMet exhibited impaired swimming performance (lower fatigue velocity
or Ucrit). This was associated with elevated basal metabolic rate and reduced
aerobic scope, indicating impaired aerobic capacity. Triglycerides (the primary fuel
for aerobic swimming) were elevated in a dose-dependent manner, which was
associated with altered transcript abundance of several genes involved in lipid
homeostasis. Ultrasonography revealed decreased cardiac output, which was
associated with increased echodensity at the atrial-ventricular junction and reduced
mRNA expression of the collagenase, MMP2. These results suggest significant
ecophysiological effects that may impair the fitness of fishes exposed to elevated
dietary Se in contaminated ecosystems. From a comparative biomedical viewpoint,
these results highlight the utility of zebrafish as a model to investigate mechanisms
of metabolic, energetic, and cardiovascular toxicities caused by excess dietary Se
exposure, since similar responses following selenium over-supplementation have
been reported in the human clinical toxicology literature. A proposed adverse
outcome pathway (AOP) based on this study will be presented that links changes in
gene expression to key events leading to adverse outcomes at the individual, and
potentially population, levels of biological organization.
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Toxicity and neurotoxicity profiling of sediments from Gulf of Bothnia with
Danio rerio embryos

R. Massei, Helmholtz Centre for Environmental Research UFZ; H. Hollert,
RWTH Aachen University / Institute for Environmental Research; M. Krauss, T.
Schulze, Helmholtz centre for environmental research - UFZ / Effect-Directed
Analysis; C. Weidauer, Helmholtz Centre for Environmental Research UFZ; P.
Haglund, C. Galampois, Umea University; M. Tysklind, Umea University /
Department of Chemistry; W. Brack, Helmholtz Centre for Environmental
Research UFZ / Effect-Directed Analysis

Sediments are a well-known sink for a large variety of organic pollutants that may
cause distress to benthic and pelagic species in case of their remobilization to the
water-phase. Risk assessment of complex mixtures may involve component-based
approaches applying chemical analysis together with measured or predicted toxicity
data of individual components and mixture risk modeling or whole mixture
approaches using bioassays. Both are complementary and an integration of both
approaches using chemical and bio- analytical tools for characterization for
example of sediment contamination is expected to provide a more comprehensive
picture of toxic risks to aquatic organisms. One of the most promising organisms for
diagnostic in vivo testing of sediment may be zebrafish embryos (Danio rerio)
being a versatile in vivo model suitable for high-throughput analysis while keeping
several advantages of in vitro approaches (i.e. low-cost, sensitivity, short duration
of the test). The fish embryo test (FET) with Danio rerio has been considered as a
good surrogate for the acute toxicity fish test and was successfully used in several
studies for the detection of toxicity and neurotoxicity in sediments samples. One of
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the major advantages of the FET with Danio rerio is the possibility to monitor
several toxic endpoints including the modification of biochemical and molecular
processes, which can be related to the exposure of specific pollutants . The present
study provides a first attempt to integrate a diagnostic whole mixture assessment
workflow based on in vivo toxicological profiling of Danio rerio after direct
exposure to sediments from Gulf of Bothnia (Sweden) for 4 days. The objectives of
the present study was were 1) to validate a screening approach for sediment of
samples 2) to offer a first in vivo toxicological profile of sediment from three
different polluted sites from Gulf of Bothnia.
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Proteomics based screening tool to detect molecular responses following
aromatase inhibition

S.U. Ayobahan, IME Fraunhofer / Department of Aquatic Ecotoxicology; E.
Eilebrecht, M. Teigeler, Fraunhofer IME / Ecotoxicology; M. Kotthoff, Fraunhofer
IME / Environmental and Food Analysis; S. Kalkhof, University of Applied
Sciences Coburg / Department of Bioanalytics; C. Schaefers, Fraunhofer-Institut /
Ecotoxicology; H. Hollert, RWTH Aachen University / Institute for Environmental
Research

Chemical exposure to endocrine disruptors can have adverse outcomes on organism
health and function; however, the current reliance on end-points such as egg
number, plasma VTG content and morphological changes to determine effects of
endocrine disrupting chemicals has given rise to series of questions related to
chemicals exhibiting similar effects but different mode-of-action (MoA).
Mechanistic identification of biological responses preceding to apical endpoints has
become crucial for analyzing, accessing and determining chemical effects.
Proteomics, therefore, show appreciable promise as a molecular screening tool for
identifying specific alterations between exposures and controls, which is therefore
imperative in discriminating endocrine disruptors from substances with a
non-endocrine MoA. Such tool waives the need for elongated higher-tier testing.
The main aim of this study is to identify alteration in molecular-toxicity pathways
that are specific to chemical-induced apical responses in zebrafish. The study
focused on fadrozole, a known inhibitor of cytochrome P450 aromatase. Thus an
excellent model substance to evaluate and validate proteomic methods with the
integration of organ-specific effects. Spawning adult zebrafish groups (5 males, 5
females) maintained at 25-26°C on a 16:8 h light/dark cycle; were exposed for 21
days to fadrozole (0, 0.1, 1, 10 pg/L) and analysed for plasma vitellogenin content,
egg numbers and organ histopathology. Livers and gonads were isolated for
shotgun proteomics and gPCR to characterize substance induced specific molecular
toxicity pathways. Proteins involved in steroid hormone secretion and estrogen
stimulus such as vtgl, vtg3, vtg6 and Iman1, were significantly deregulated.
Several of the prominently affected pathways involved regulation of xenobiotic
stimulus, lipid metabolism, metabolic processes, TCA metabolism and calcium
signalling. Our study demonstrated that the downstream induced-estrogen receptor
suppression by aromatase inhibition triggered the downregulation of estrogen
synthesis, which was assumed to induce the observed decrease in egg numbers and
oocyte atresia with membrane folding in the ovary. We anticipate that this
improvement leads to the identification of reliable biomarkers to determine
chemical-induced adverse outcomes of ecological relevance in order to avoid
unnecessary extensive testing.
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Zebrafish embryos are able to conduct complex biotransformation processes
and activation of chemicals

E. Kiister, Helmholtz Centre for Environmental Research, Dept.Bioanalytical
Ecotoxicology / Department Bioanalytical Ecotoxicology; B. Seiwert, Helmholtz
Centre for Environmental Research- UFZ / Department Analytical Chemistry; S.
Speer, Helmholtz centre for environmental research - UFZ / Dept. Bioanalytical
Ecotoxicology; S. Brox, Helmholtz centre for environmental research - UFZ /
Department Analytical Chemistry; T. Reemtsma, Helmholtz Centre for
Environmental Research / Department Analytical Chemistry; S. Scholz, Helmholtz
Centre for Environmental Research / Department Bioanalytical Ecotoxicology
Zebrafish embryos are proposed and partially already used as replacement for tests
with (adult) animals conducted for human and environmental hazard assessment.
There has been concern that they may exhibit a limited biotransformation which
could interfere with prediction of adverse effects for safety assessment. The
concern was provoked by anecdotal observation of the lack of activation for some
compounds leading to a weak acute toxicity in fish embryos. However, internal
concentration profiles of parent compounds suggest that fish embryos are
principally capable for metabolic transformation of chemicals (Kiihnert et al., 2013,
Environ. Toxicol. Chem. 32, 1819-1827). In order to assess the biotransformation
more systematically we studied the biotransformation of two pharmaceuticals
(clofibrate, celecoxib). Overall similar transformation products could be observed
in zebrafish embryo as known from human studies. Interestingly, the ratios of the
different products in fish embryos seemed to be different from the ratio in humans.
Biotransformation is of particular relevance for compounds that require (metabolic)
activation to elicit their intended biological effect or where activation “accidently”
produces more toxic substances. Organophosphates (OP) can serve as a model
compounds for a proof of concept for activation in fish embryos as in many cases
activation is mediated by cytochrome P450 oxidation. Therefore, we studied the
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activation of organophosphates by comparing the inhibition of acetylcholinesterase
(AChE) activity for the parent compound and the oxon-metabolite in homogenates
and intact embryos. For homogenates only the oxon metabolites were able to
provoke AChE inhibition in a concentration dependent manner. In intact embryos
inhibition was also found for the parent compounds. The inhibition EC50 was
gradually reduced in later stages of embryos, if 24h exposure intervals for different
stages were compared. The findings suggest that fish embryos are principally able
to activate organophosphates and potentially also other compounds and that later
embryonic stages may exhibit advanced biotransformation capacity.
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Differing PM2.5 Filter Extraction Methods: Impact on Chemical and
Toxicological Analyses

C. Roper, Oregon State University / Department of Environmental and Molecular
Toxicology; S. Simonich, Oregon State University / Depts of Chemistry and
Environmental Molecular Toxicology; R.L. Tanguay, Oregon State University /
Sinnhuber Aquatic Research Laboratory and the Environmental Molecular
Toxicology

Toxicology research is essential to improve the understanding of the global public
health burden of fine particulate matter (PM_s) exposures. However, research
groups use differing filter extraction methods to prepare PM_sand the potential
toxicity bias from different extraction methods is rarely considered, possibly
eliminating inter-laboratory comparisons and misrepresenting the toxic responses
to PM_s constituents. To determine the impact of filter extraction methods on
chemical constituent recovery and toxicity outcomes we took equal portions of a
single hi-volume PM,; filter sample collected in Riverside, CA. Each filter portion
underwent a different extraction method (n=6) and recovered PM, s was then
prepared for developmental toxicity testing by collecting the soluble fraction from
DMSO extraction. Zebrafish (n=32/treatment) were treated with controls (DMSO,
blank filter portions) and treatments (PM,s filter portions undergoing filter
extraction) starting at 6 hours post fertilization. Aliquots of these PM, s solutions
were used for chemical constituent analysis of polycyclic aromatic hydrocarbons
(PAHs, n=120) and elements (n=20). Significant increases in mortality were
observed for PM,s from 5 of the 6 filter extraction methods when compared to both
the DMSO and blank filter controls. Combined mortality and morphological
changes were significantly increased following PM, s treatment in all extraction
methods compared to DMSO controls. Importantly, two of the methods showed
significant mortality and morphological changes with blank filters when compared
to DMSO controls. Chemical analysis is underway and differences in PMs
solutions between extraction methods will be investigated. Correlations between
chemical components and developmental toxicity outcomes will identify
components that are driving toxicity and potentially altered during specific
extraction procedures. This research highlights the toxicity bias due to PM,sfilter
extraction methods that must be considered when conducting research with
complex ambient mixtures. Ultimately, this work identifies extraction procedures
for use in this cost-effective surrogate to compare the inherent toxicity differences
of PM_s, and provides a path that will ultimately promote improved understanding
of PM_s-associated health effects.

Safeguard and Conservation of Cultural Heritage: the
contribution of chemistry
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Cultural Heritage and Climate Change: impact and adaptation

C. Sabbioni, CNR-Istituto di Scienze dellAtmosfera e del Clima

Cultural heritage, which is a non-renewable resource, is a sector extremely complex
for the diversity of materials, structures and systems. The access to citizens and
visitors need to be favoured, but at the same time, it is our responsibility to transmit
this heritage we received from the past to the future generations. It is urgent to
include cultural heritage in the value chain of sustainable development: the priority
that faces the world today. Research on the threats that climate change will have on
cultural heritage has been very limited until now and it has not yet generated
policies designed to mitigate the impact and to develop preventive adaptation
strategies. The presentation will be focused on future scenario on the effects of
climate variables on the vulnerability of cultural heritage at European level.
Recommendations on the inclusion of cultural heritage in the national adaptation
strategies and plans to climate change will also be discussed.
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Nanotechnologies for the conservation and connected risks

M.J. Mosquera, University of Cadiz

Most products commonly employed in the restoration and conservation of cultural
heritage materials have not been specifically developed to preserve such elements.
In addition, they are plagued by limited performance and structural drawbacks such
as low adhesion, poor penetration, and cracking. Another disadvantage is the
requirement for most products to be dissolved in volatile organic compounds
(VOCs), which produce environmental and human health risks in their use. In this
lecture, I will review the most meaningful achievements of my group in this field.
We have developed an innovative sol-gel route for preserving Cultural Heritage
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building materials. Specifically, a surfactant-assisted sol-gel synthesis to produce,
in-situ on the building, crack-free nanomaterials to be used as long-term
consolidants. Additionally, hydrophobic, water-repellent, self-cleaning, and
biocidal properties can be incorporated into the product by innovative chemical
modifications of the proposed synthesis route. Finally, | will summarize the future
challengers of our group related to conservation of historic concrete in the
framework of the Horizon 2020 project “InnovaConcrete”.
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Towards the European Research Infrastructure in Heritage Science: E-RIHS
L. Pezzati, CNR-Istituto Nazionale di Ottica

The European Research Infrastructure for Heritage Science (E-RIHS) entered the
European strategic roadmap for research infrastructures (ESFR1 Roadmap) in 2016,
as one of the six new projects. E-RIHS support research on heritage interpretation,
preservation, documentation and management. Both cultural and natural heritage
are addressed: collections, buildings, archaeological sites, digital and intangible
heritage. E-RIHS is a distributed research infrastructure with a multi-level
star-structure: facilities from many Countries will be organized in national
networks, coordinated by separate National Hubs, and the E-RIHS Headquarters
will provide the unique access point to all E-RIHS services, by coordinating the net
of National Hubs.

58
Discussion & Conclusions

Modelling and monitoring of pesticides fate and exposure in a
regulatory context (1l)
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Scenario Development for Off-field Soil Exposure and Risk Assessment

M. Wang, WSC Scientific GmbH / Dept Efate  Modelling; J. Kleinmann, WSC
Scientific GmbH; T. Schad, Bayer Ag / Environmental Modelling; K. Hammel,
Bayer AG, Crop Science Division / Environmental Safety; G. Ernst, Bayer Ag /
Ecotoxicology; G. Goerlitz, Bayer CropScience AG / Environmental Safety; P.
Neumann, Bayer Ag; S. Bub, Tier3 Solutions GmbH

In its Scientific Opinion on risk assessment for in-soil organisms EFSA proposes a
preliminary approach for off-field soil exposure by adding up entries from the
different major exposure routes. EFSA indicates the worst-case character of its
scenario "In the absence of appropriate off-field exposure scenarios...", and hence,
emphasises the necessity for model and scenario development. The present work
aims to undertake first steps (i) to develop a model approach for off-field/off-crop
soil exposure due to runoff, erosion, and drift, (ii) to develop exemplary schematic
and real-world scenarios, (iii) which allow to gain insights in off-field soil exposure
and risk using case studies. The developments are based on the Specific Protection
Goals options. A tiered modelling approach is presented which allows to build
exposure scenarios ranging from simple schematic and conservative to more
realistic landscape-scale tiers, which can be easily linked to effect modelling
(toxicological, population, community). Results are intended to support the design
of off-field soil exposure and risk characterisation scenarios and the development of
assessment endpoints relevant to address SPGs.
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Biogenic residues formation from pesticides - an overview

K. Nowak, TU Berlin / Institute for Environmental Research (Biology V); A.
Miltner, Helmholtz Centre for Environmental Research UFZ / Department of
Environmental Biotechnoloy; M. Késtner, Helmholtz centre for environmental
research - UFZ / Department of Environmental Biotechnology

Anthropogenic organic chemicals are deliberately (e.g. pesticides) released in
major amounts to nearly all compartments of the environment. Soils and sediments
as complex matrices provide a wide variety of binding sites and are the major sinks
for these compounds. Pesticides entering these complex systems may undergo
various turnover processes. They can be degraded chemically (e.g. photolysis),
biologically by microorganisms, volatilised leached to the groundwater or taken up
by living organisms or immobilised in the form of non-extractable residues (NER).
Microorganisms can use C and N from a pesticide to synthesize their biomass
compounds, e.g. amino acids (AA) and fatty acids (FA). The extraction of known
microbial biomarkers from soil or sediment after addition of C and N isotope tracer
allows an estimation of microbial activity in the transformation of pesticide. We
investigated the turnover of different pesticides (2,4-D, glyphosate, metamitron,
bentazone, bromoxynil and clodinafop-propargyl) with the particular focus on the
metabolic incorporation of the isotope label into AA, FA and their fate over time.
An agricultural soil and water-sediment were incubated with stable isotope labelled
respective herbicide in the dark and at constant temperature (20°C). Soil and
sediment samples at the respective sampling date were analysed for the amount and
the isotopic composition of AA, FA, CO,, solvent-extractable parent compound and
metabolites and total NER. The presented data indicated that easily biodegradable
herbicides e.g. glyphosate, 2,4-D or metamitron were utilized as a carbon (and
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nitrogen) source and the NER were mainly biogenic. The major formation of
biogenic residues is supposed to be relevant for easily biodegradable contaminants
under significant CO, formation. However, in the case of more recalcitrant
pesticides like bentazone, the incorporation of C into microbial biomass, although
reported to be very low, cannot be completely excluded.
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Derivation of a foliar wash-off factor for FOCUS modelling based on
literature research

S. Sittig, DR. KNOELL CONSULT GmbH / E-Fate Modelling; C. Wollmann, Dr
Knoell Consult GmbH; G. Reinken, Bayer AG, Research & Development, Crop
Science / Environmental Safety

After foliar application, plant protection products (PPP) undergo several routes of
dissipation of which one is precipitation-induced wash-off from the canopy. This
process is accounted for in the European exposure assessment framework for PPP
authorization and included in the corresponding numerical models, e.g. FOCUS
PEARL, PELMO, PRZM and MACRO. A numerical wash-off factor for modelling
is applied, quantifying the wash-off from plant surfaces by a given amount of
precipitation. Consequently, this factor is relevant for the calculation of predicted
environmental concentrations (PEC) for the compartments soil, groundwater, and
surface water. In case a measured wash-off factor is not available, a default value is
to be applied. An increase of this default value from 0.5 cm™ to 1 cm™ has been
proposed by EFSA, which results in more exhaustive wash-off from the plant
surface. Generally, the extent of rainfall-induced displaced substance depends on
several factors. An ECPA working group recommended a harmonized experimental
approach to derive wash-off factors in the greenhouse: a 24h time interval between
pesticide spraying and 10 to 20 mm of artificial rain, followed by an extraction of
the plant material with an acetonitril/water mixture of 80:20 (v/v). This
standardized experimental procedure has been defined in order to derive a reliable
numerical wash-off factor as input for FOCUS modelling. In this study, the
pertinent literature was reviewed for the availability of data suited for the
calculation of a wash-off factor, reflecting a variety of different investigation types
in terms of time of (artificial) rainfall after application, rainfall amount and
intensity, formulation, crops under investigation, etc. Published experimental
wash-off studies are usually not conducted according to the standardized
experimental procedures. Thus, only a limited number of the published studies are
suitable to derive a wash-off factor for modelling. The outcome of the literature
review presented herein suggests that a meaningful default wash-off factor should
be well below 1 cm™. Keeping the existing default value of 0.5 cm™ retains a
sufficient protection level while at the same time avoids a large number of
unnecessary refinement studies.
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Application of a dynamic aquatic food web model for FOCUS exposure
assessment

L. Padilla, Stone Environmental, Inc.; A. Del Signore, D. Sprenger, L. Weltje,
BASF SE / Crop Protection Ecotoxicology; M.F. Winchell, Stone Environmental,
Inc. / Environmental Systems Modeling

In a regulatory setting, the potential for bioaccumulation and biomagnification of
plant protection product active substances in aquatic organisms is evaluated with
simple screens on the basis of a substance’s log Kow, where typically a value
greater than or equal to 3 indicates concern. However, this criterion may lead to
false positive identification, because it does not account for biotransformation of
the substance in aquatic organisms or bioavailability in the environment. Dynamic
aquatic food web models are more refined tools for determining bioaccumulation
and biomagnification potential, because they can account for chemical
bioavailability and temporal and spatial variability in exposure concentrations due
to seasonal and regional differences in weather and agricultural practices. The aim
of this work is to demonstrate a modelling approach that couples standard FOCUS
landscape and water body models with a dynamic aquatic food web model to assess
whether a hydrophobic insecticide with logK,. above the screening threshold of 3
will bioaccumulate/biomagnify. The Simon Fraser University (SFU) aquatic food
web model, which predicts chemical concentrations in biota at six different trophic
levels within an aquatic ecosystem, was selected based on the availability of data
for relatively few input parameters and its demonstrated capability to predict
observed chemical concentrations for a wide range of species, chemicals, and
aquatic environments. To maximize relevance for agricultural systems in Europe,
the food web model was adapted to accept environmental concentration time series
input from the established TOXSWA model used in EU pesticide registration
procedures. The modelling approach leveraged the transient form of the aquatic
food web model to account for time-varying pesticide loadings characteristic of
agricultural settings. Modelling results included both the daily time series
predictions of organism concentrations for the six trophic levels and the uptake and
elimination rate constants calculated from organism sub-models. In total, nine
FOCUS scenarios were simulated and compared (five drainage scenarios with
MACRO and four runoff scenarios with PRZM) and dominant organism uptake
pathways were identified. The approach may be used to refine log(Kow)-based
screening bioaccumulation and biomagnification evaluations for regulatory
purposes.
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Improved assessment of pesticide peak exposure in cultivated mountain
watersheds

M. Morselli, University of Insubria / Department of Science and High
Technology; E. Terzaghi, University of Insubria (Como) / Department of Science
and High Technology, Como; A. Di Guardo, University of Insubria / Department of
Science and High Technology

Agricultural activities can involve the use of plant protection products (PPPs) and
the use of such chemicals can occur near surface waters bodies, thus creating a
potential for adverse effects on aquatic ecosystems. Due to the spatio-temporal
variability of chemical applications and of the processes regulating their fate and
transport to surface waters, ecosystems are often exposed to pulses of contaminants.
In certain environmental scenarios, such as small mountain watersheds, where
runoff fluxes are particularly rapid due to side slopes, exposure peaks can be shorter
but much higher. Monitoring campaigns are often inadequate or too expensive to be
carried out and modelling tools are therefore vital for exposure assessment and their
use is encouraged by current legislation. However, currently adopted models and
scenarios (e.g., FOCUS for PPPs) are often too conservative and/or “static” to
accurately capture exposure variability, and the need for more realistic and dynamic
tools is now one of the major challenges for risk assessment. In a previous work, the
new fate model DynAPlus was developed to improve pesticide fate predictions in
cultivated mountain basins. The model was successfully evaluated against
chlorpyrifos water concentrations measured in the Novella River (Non Valley,
Northern Italy), where more than 1000 ha of apple orchards surround the river and
its tributaries. However, the need for some model improvements and application to
other chemicals and scenarios was highlighted. In this work, the DynAPIlus model
was improved to increase realism, by including vegetation to both terrestrial and
aquatic environments, dissolved organic carbon (DOC) in water, and a soil-erosion
module to compute particle-mediated chemical transport to surface waters. The
improved DynANet was first applied to the Novella River case study and the new
predicted chlorpyrifos concentrations were compared to measurements, suggesting
an improvement of model performance, particularly due to the inclusion of the
soil-erosion module and DOC. The model was then parameterized to simulate
another cultivated mountain basin located in Northern Italy and applied to simulate
the fate of three pesticides with different physical-chemical properties and
persistence. The resulting peak exposure profiles were discussed to highlight the
added value of such a dynamic modelling approach in providing information on
exposure which could not emerge from the application of current approaches.
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Implementation of mitigation measures and assessment of its impact under
field-specific environmental conditions in the risk indicator SYNOPS-WEB
for Norway

A. Dominic, Julius Kuehn Institute / Institute for Strategies and Technology
Assessment; O. Eklo, Norwegian Institute of Bioeconomy Research NIBIO /
Department of Pesticides and Natural Products Chemistry; M. Stenrgd, Norwegian
Institute of Bioeconomy Research (NIBIO); E. Solbakken, R. Lagbu, Norwegian
Institute of Bioeconomy Research; P. Horney, Julius Kihn Institut; D. Daehmlow,
Julius Kiihn-Institute / Institute for Strategies and Technology Assessment; B.
Golla, Julius Kuehn Institute / Institute for Strategies and Technology Assessment;
J. Strassemeyer, ral Research Centre for Cultivated Plants / Institute for Strategies
and Technology Assessment

In response to the implementation of the EU-directive on sustainable pesticide use
by Norway, the project SMARTCROP (funded by the Research Council of
Norway), was started to address the challenges of developing and providing farmers
with the necessary IPM tools. Towards this objective, SYNOPS, a risk indicator
developed by the Julius-Kihn Institut, Germany, was adapted for Norway and
provided with a graphical user interface such that a farmer or non-expert could
perform risk assessments for field-specific pesticide applications. US-EPA PRZM5
and VFSMOD have been incorporated in SYNOPS for a more realistic modelling
of the runoff/erosion modules and the functioning of the vegetated filter strip. The
Norwegian tool, SYNOPS-WEB, Norway is available in both English and
Norwegian. It uses Norwegian land-use, surface water and soil data, plant
protection products registered for use in Norway, modified crop data for Norwegian
conditions and station-based daily weather data. Risk assessments are carried out
for specific field and application scenarios. Another important new feature is the
implementation of various mitigation measures such as vegetated filter strips,
hedges, tillage/mulch, and cover crops. Risk assessments can be performed for a
combination of mitigation measures in order to select the optimal application
strategy under specific field conditions. In this presentation, we describe and
discuss the mitigation measures implemented in SYNOPS-WEB, Norway and the
corresponding adjustments to the model input parameters. We provide example
scenarios based on realistic application patterns, without and with mitigation
measures. Aquatic and terrestrial risk indices are presented to the user as Exposure
Toxicity Ratios (ETR) in the form of colour-coded tables for an easy visual
appraisal of the environmental risk under different conditions. In addition the
predicted environmental concentrations can be viewed on a daily basis for the
selected time period.

Hydrophobic Chemicals and Mixtures: Reliable Investigations
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on their Environmental Fate and Effects (ll)
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Acute Toxicity of Pyrene Associated with Dissolved Organic Matter of
Various Molecular Weights to Daphnia magna

H. Lin, X. Xia, S. Bi, X. Jiang, H. Wang, W. Wen, School of Environment, Beijing
Normal University

Dissolved organic matter (DOM) is a key environmental factor for the toxicity of
hydrophobic organic compounds (HOCs) in natural waters. However, the toxicity
of DOM-associated HOCs is still not clear. In this research, pyrene was selected as
a model HOC and its freely dissolved concentration (Cree) Was maintained by
passive dosing systems. The immobilization and enzymatic activities of Daphnia
magna were examined to analyze the toxicity of DOM-associated pyrene. The
results indicated that the immobilization of Daphnia magna in the systems
containing various molecular weight DOM and pyrene was ordered as middle
molecular weight (MMW, 5-10K Da) DOM > higher molecular weight (HMW, >
10K Da) DOM > lower molecular weight (LMW, < 1K Da, 1-3K Da, and 3-5K Da)
DOM. Furthermore, the superoxide dismutase (SOD), catalase (CAT), and
peroxidase (POD) activity of Daphnia magna decreased gradually with the
increasing C in the systems of MMW and HMW DOM, whereas increased when
Crree Was at a low level and then decreased when Cy.. was at a higher level in the
control group with pyrene only and the system of LMW DOM. The influencing
mechanisms of DOM molecular weight on the toxicity of DOM-associated pyrene
to Daphnia magna were related with the amount of pyrene sorbed on DOM, the
uptake routes of DOM by Daphnia magna, and the desorption of pyrene from DOM
in the gut of Daphnia magna. The findings obtained in this research suggest that the
toxicity of DOM-associated HOCs should be taken into account for the
eco-environmental risk assessment of HOCs in water systems.
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Passive dosing for constant concentration and defined composition of
hydrophobic organic mixtures

R. Hammershgj, Technical University of Denmark / Department of Environmental
Engineering; H. Birch, DTU Environment / Department of Environmental
Engineering; K. Knudsmark Sjgholm, University of Copenhagen / Dept. of Plant
and Enviornmental Sciences; P. Mayer, Technical University of Denmark /
Department of Environmental Engineering

There is regulatory and scientific attention on the fate, exposure and effects of
chemical mixtures including complex mixtures of hydrophobic chemicals such as
petroleum substances and essential oils. These mixtures have recently been
categorized as multicomponent substances and substances of unknown or variable
composition, complex reaction products or biological materials (UVCBSs). The
dosing of such mixtures in environmental experiments and tests can be challenging
and there is an urgent need for new methods to provide stable concentrations and
defined composition of these mixtures in aquatic fate and toxicity testing. Passive
dosing from a silicone rod has successfully been used in biodegradation and toxicity
testing of hydrophobic chemicals covering a broad chemical space in terms of Koy
and K,w. This study aims to extend the applicability of the novel passive dosing
method to hydrophobic multicomponent substances and UVCBs (i.e. complex
mixtures). The method is straightforward: a silicone rod is loaded by direct addition
of the mixture and subsequently equilibrated with ultrapure water to create constant
and defined concentrations of each mixture constituent and thus also a constant and
defined mixture composition. The aqueous concentration level can be controlled by
the amount of mixture added to the rod. Early results show a good performance of
the method with very fast dosing kinetics, aqueous concentrations increasing
linearly with loading level and good reproducibility of the passive dosing for a
petroleum substance and an essential oil. The presentation will focus on 1) the fast
and reproducible loading of selected UVCB mixtures, 2) reproducibility and
optimized passive dosing kinetics for one petroleum substance and one essential oil
and 3) the performance and characteristics of the passive dosing method compared
with more traditional dosing methods.

67

Biodegradation of volatile substances in soil - Challenges and optimization of
test setups (OECD 307)

P. Shrestha, Fraunhofer Institute for Molecular Biology and Applied Ecology IME;
B. Meisterjahn, Fraunhofer Institute for Molecular Biology and Applied Ecology
IME / Ecological chemistry; C. Hughes, Shell Health / Risk Science Team; P.
Mayer, Technical University of Denmark / Department of Environmental
Engineering; H. Birch, DTU Environment / Department of Environmental
Engineering; M. Klein, Fraunhofer Institute for Molecular Biology and Applied
Ecology IME; E. Vaiopoulou, European Petroleum Refiners Association; D.
Hennecke, Fraunhofer IME - Institute for Molecular Biology and Applied Ecology /
Ecological chemistry

Higher tier biodegradation laboratory tests in soil, sediment and/or surface water
systems are conducted using standard OECD guidelines. As stated in these
guidelines, they are not suitable for testing volatile chemicals, however a threshold
based on Henry’s law is not defined, except in OECD 309. In the actual setups,
incomplete mass balance is a major problem while testing volatile chemicals.
Optionally, OECD 307 and 308 allow biometer-type incubation setups but it does
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not require any data to prove if the systems remains aerobic. In addition, the
degradation kinetics in a closed test system can largely be influenced by air-water
partitioning as described by Birch et al. 2017. Our objective was to design a closed
incubation test set up where maintaining and measuring of aerobic conditions was
possible without the loss of test chemical. Additionally, a full scale OECD 307 with
two model chemicals was performed to check the reproducibility of data in terms of
mass balance and to better understand the obtained degradation data. The test setup
consisted of 100 mL flask with 50g soil, CO,-trap and a Tenax tube completely
closed using a stainless steel lock system. Oxygen saturation in the headspace was
measured in a reference sample using optical measurements without the need to
open the vessel. If the oxygen saturation was < 15%, the samples was aerated with
oxygen-rich air. Applying this setup, degradation of **C-labelled Tetralin and
Decane was conducted on four soils with different texture, organic carbon and
microbial activity. At sampling dates the headspace air of the samples was stripped
off through the Tenax tube using a vacuum pump. The Tenax tube and the CO,-trap
were taken for analysis and the soil was taken for extraction using appropriate
methods. The solid extraction residue was subject to combustion analysis to
determine the non-extractable residues (NER). The average overall recovery of
99.29% (N=90) for Decane and 104.34% (N=90) for Tetralin with a variation
(between the individual replicates) < 11% for both studies suggests that obtaining a
complete mass balance with the new test setup was reproducible. It was observed
that radioactivity adsorbed on Tenax (100% parent), was higher in the soils with
lower OC content suggesting that sorption of the chemical affecting its
volatilization and hence degradation. Thus, how to deal with the volatilized parent
fraction while calculating degradation Kinetics is still a part of ongoing research.
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Untangling the biodegradation of hydrophobic chemicals in OECD and novel
tests using a unified modelling approach

F. Polesel, Technical University of Denmark (DTU)/ DTU Environment; A.
Brock, DTU Environment / DTU Environment; F. Stibany, K. Smith, RWTH
Aachen University / Institute for Environmental Research; A. Schaeffer, RWTH
Aachen University / Chair of Environmental Biology and Chemodynamics; M.
Kastner, Helmholtz centre for environmental research - UFZ / Department of
Environmental Biotechnology; S. Trapp, Technical University of Denmark DTU /
DTU Environment

Persistence assessment using standardized (e.g., OECD) tests is one of the main
challenges for hydrophobic organic chemicals (HOCs). While the use of
radiolabeled chemicals brought major advances, mechanistic models can still
provide deeper insights in experimental results and underlying processes. In this
context, the key objective of this study was to test the applicability of a unified
modelling approach across the spectrum of OECD degradation tests and newly
developed experimental tests for HOCs. We specifically aimed at (i) elucidating
biodegradation kinetics and improving their estimation by including a new method
for microbial yield calculation; (ii) determining *4C fractions (mineralized,
incorporated in biomass and non-extractable residue NER) at the end of tests as
persistence indicators. The unified model for sorption and biodegradation (in
combination with the Microbial Turnover to Biomass growth yield estimation
method) was used to predict mineralization to CO,, growth of degrading
microorganisms and NER formation in aerobic degradation tests with selected
4C-labeled HOCs (triclosan, pentachlorophenol—PCP, propargite and
pyriproxyfen). Model predictions were fit to experimental results obtained
elsewhere in conventional degradation tests activated sludge or soil or in novel
passive dosing setups, in the presence of a single degrader strain. Overall, good
agreement between model predictions and empirical data was shown by adjusting
only the ratio vmax/ Ks, which describes biodegradation kinetics according to the
Michaelis Menten equation. Overall, a high range of vmax/ Ks values was shown for
the selected substances(0—55 m®g™ d1), indicating that both limited bioavailability
and intrinsic recalcitrance can explain HOC persistence. This study represents a
first attempt of using a unified modelling approach for predicting biodegradation of
HOCs across a variety of tests, showing promising results towards persistence
prediction of organic chemicals during regulatory screening. Ongoing research is
focusing on extending the model applicability by (i) including the formation of
intermediate transformation products; (ii) determining (de)sorption limitation based
on dedicated experiments; and (iii) using uncertainty-based approaches to support
decision makers within REACH.
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History of polychlorinated biphenyl deposition to snow and ice from the
Lomonosovfonna glacier, Svalbard.

M.H. Hermanson, Hermanson & Associates LLC / Environmental Chemistry; O.
Garmash, University of Helsinki; E. Isaksson, Norwegian Polar Institute; C.
Teixeira, D.C. Muir, Environment and Climate Change Canada / Aquatic
Contaminants Research Division

Polychlorinated biphenyl (PCB) deposition to the north polar regions has long been
recognized. Here we investigate quantitative and qualitative PCB inputs to the
Lomonosovfonna glacier on Svalbard from an ice core drilled in 2009, and a snow
pit from spring 2010. Lomonosovfonna is the highest-elevation ice on Svalbard at
1250 masl. It is above the tropospheric boundary layer at all times of year
(maximum ~1000 masl), so all of the contaminant inputs have sources from long
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distances, and do not include any local PCB sources on Svalbard. Total PCB
deposition history to the core and surface snow shows that amounts have not
declined in net amount since the mid 1950s. The peak flux in the surface snow and
to ice core layer is 18.5 - 19 pg cm-2 yr-1. Average 5-day air mass back trajectories
from peak flux periods beginning in 1998 show more frequent 5-day air mass
trajectories from Russia, and from Europe south of 600 N latitude, particularly
extending into the U. K, relative to 1989-1998, which had 5-day trajectories ending
in the far north of Russia and Norway. The surface snow PCB congener profile is
dominated by PCB 110, 70+74, 101, 95, 11. Combined, these five congeners
represent ~27% of ?PCB. The upper-most ice core sample is dominated by PCB 95,
52,101, 110, 70+74, which represent ~42% of ?PCB. The most apparent difference
between the two profiles is the lower amount of dichloro- and trichloro- congeners
in the ice core sample in Figure 1B. The indication is that the more volatile
congeners in the dichoro- and trichloro- homologues are deposited to surface snow
shown in Figure 1A, but are volatilized back to the atmosphere during periods of
higher summer air temperature. The percent of PCB-11 throughout the samples
ranges from 0.90-3.4% and is present in all samples dating from 1957. It is the
dominant congener among mono- and di-chloro PCBs. This PCB congener has very
low or no presence in Aroclor products, and apparently is not found in other PCB
parent mixtures. Its source is often considered to dairylide yellow pigment or
products containing it. Its presence in the environment is sometimes associated with
disposal of products containing this pigment. The source of PCB-11 to
Lomonosovfonna is uncertain, but could be waste incineration facilities in Europe
where it has been found in flue gas.
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Environmental occurrence and distribution of organic UV stabilizers in the
sediment of the Bohai and Yellow Seas

C. Apel, Helmholtz-Zentrum Geesthacht; J. Tang, Yantai Institute of Coastal Zone
Research, CAS; R. Ebinghaus, Helmholtz-Zentrum Geesthacht / Department for
Environmental Chemistry

Organic UV stabilizers are of emerging environmental concern due to their large
production volumes and potential endocrine disrupting properties. UV stabilizers
are widely used in plastic products, paints and coatings to improve the product
stability against UV light. Furthermore, some UV stabilizers are approved as
ingredients in personal care products like cosmetics and sunscreens. The pathways
into the marine environment are either indirect by wastewater treatment plant
discharges or direct by recreational activities like bathing and swimming. Four
benzotriazole UV stabilizers are classified as SVHC (Substances of Very High
Concern) under the EU legislation REACH. Numerous others are currently listed
under the European community rolling action plan (CoRAP) to be (re-)evaluated in
the next years. Due to their chemical properties, most UV stabilizers accumulate in
sediment (logKow > 3) and have potential for persistence or pseudo-persistence.
Environmental data for the coastal and marine environment are sparse. For this
study 74 surface sediment samples of the Bohai and Yellow Seas were analysed for
19 commonly used organic UV stabilizers. The sample pretreatment and analysis
was carried out as following: First, the samples were homogenized with sodium
sulphate. Afterwards, extraction and clean-up was performed using an accelerated
solvent extraction (ASE-350, DIONEX, Germany) method. For this, 22 mL
stainless steel ASE cells were filled with 3 g of 10% deactivated silica and
approximately 5 g sediment that was spiked with appropriate isotopically labelled
standards. The cells were extracted using dichloromethane for three 15 min-cycles
at 100 °C. The extracts were solvent-changed to methanol, reduced in volume to
150 pL. The instrumental analysis was performed on a LC-MS/MS system (1290
Infinity coupled to 6490 triple quadrupole LC/MS, Agilent Technologies,
Germany) equipped with an APPI-source and a C18 column (Eclipse Plus RRHD
1.8 um, 2.1 x 150 mm, Agilent Technologies, Germany). This study shows levels of
contamination and distribution of organic UV stabilizers in surface sediments of the
Bohai and Yellow Seas for the first time. 14 substances have been positively
detected in concentrations in the low ng/g dw range. Characteristic pollution
profiles and distribution pattern have been identified, which indicate to different
indirect sources of UV stabilizers into the study area.

LCIA method developments in a global perspective: Status
and outlook (1)
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Implications of spatial differentiation on LCA-based decision-making: a case
study of biochar systems in Indonesia

M. Owsianiak, Technical University of Denmark; G. Cornelissen, S. Hale,
Norwegian Geotechnical Institute; H. Lindhjem, Menon Economics; M. Sparrevik,
NTNU

The development of spatially differentiated life cycle impact assessment (LCIA)
methods and their use in regionalized life cycle assessment (LCA) has intensified in
the past few years. However, it is less investigated whether spatial differentiation
leads to more correct decisions based on the LCA, in addition to just more accurate
and realistic LCIA results. The aim of this work was therefore to assess the
implications of spatial differentiation on the interpretation phase of a comparative
LCA. Biochar production from biomass residues and its use as soil conditioner in
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Indonesia was used as case study. Comparisons were made between 4 villages, 3
biochar production techniques, and 2 fertilization strategies. Results showed that (i)
regionalized impact scores for individual impact categories either increased or
decreased compared with site-generic scores, depending on the impact category (by
up to 1 order of magnitude); (ii) total damages to human health were approximately
3 to 5 times higher when compared to site-generic scores and (iv) irrespective of the
geographic locations, regionalized total damages to biodiversity were close to
site-generic scores. This is mainly because of trade-offs between categories, where
increase in impact scores for some categories was compensated by decrease in
others. Overall, irrespective of the approach to spatial differentiation in LCIA,
biochar production and use in agriculture is generally expected to bring
environmental benefits. When parameter and inventory uncertainties were
considered, there was no influence of spatial differentiation on identification of best
performing villages in terms of total damage to human health and ecosystems,
although village performing worst with regard to total damage to human health
changed. There was a general tendency that biochar production using both Kon Tiki
and Adam retort kilns performed better than earth-mound kiln, and furthermore
biochars brought largest benefits where no-biochar agricultural production systems
were based on inorganic fertilizers. This rather consistent ranking was mainly due
to relatively large geographic differences in life cycle inventories between villages,
which were often larger than geographic differences in characterization factors
between site-specific and site-generic approaches. Thus, although spatial
differentiation improved accuracy and realism of environmental impacts in this
comparative case study, it did not necessarily contribute to more correct decisions.
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Considering space debris related impacts within the LCIA framework

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

The space sector is a new area of development for LCA studies. The European
Space Agency (ESA) has been working since 2012 on environmental issues for
space activities through its Clean Space Initiative. ArianeGroup, which is the prime
contractor for the development of the new Ariane 6, is currently performing an LCA
of this launcher in exploitation phase (ESA’s contractual requirement). However,
the current studies adopt a Cradle-to-Launch pad approach due to lack of relevant
modelling for use and disposal phase. In addition, a rising sustainability concern is
occurring in the space sector particularly regarding impact of space debris: 29,000
human-made objects, larger than 10cm, are orbiting the Earth but only 6% are
operational spacecraft, being today a significant and constant danger for all space
missions. Consequently, considering end-of-life management during the design of
space missions becomes necessary to ensure a sustainable use of space orbits.
Given this situation, there is an opportunity to make the link between space debris
concern and eco-design of spacecraft (satellites & launchers) using the LCA
methodology. A focus should be put on the comparison of several missions &
post-mission disposal scenarios to study potential trade-offs between typical impact
categories (e.g. toxicity and climate change), but also with regard to the growing
issue of space debris. Hence, our challenge is to integrate, via a dedicated additional
indicator, space debris related impacts within the LCIA to broaden the scope of
LCA for space systems. The Area-of-Protection Resources has been identified to
reflect the depletion of available orbits by the potential generation of space debris.
Considering generation of debris in operating orbits with a resource depletion
perspective allows us to address the environmental footprint of the spacraft’s
disposal. Volume occupation by debris and dead spacecraft leads to a decrease of
the orbital resource availability enhancing the risk of collision/break-up and then
propagation of new clouds of debris. As a consequence, the lack of access to the
orbital resource in the future (scarcity) could be handled as environmental and
socio-economic impacts. The presentation will prove the relevancy of this approach
by presenting the impact pathway linking the occupation of operational orbits and
environmental impacts. Environmental mechanisms and impacts (midpoints) will
be exposed with associated specific characterization factors.
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Implementing ozone formation effects due to poplar plantations for biomass
production in Europe in life cycle impact assessment

P. Vercoulen, Radboud University; R. Kranenburg, C. Hendriks, TNO; R. Van
Zelm, Radboud University / Department of Environmental Science

Poplar trees are known to emit volatile organic compounds, among them isoprene,
which enhances tropospheric ozone formation. Ozone exposure, in turn, causes
adverse effects to human health and ecosystems. In the context of an energy
transition, it has been proposed to use poplar biomass for the generation of
electricity. The goal of this research was to determine country specific
characterization factors (CFs) for ecosystem damage due to ozone formation from
isoprene emissions caused by poplar tree plantations in Europe. CFs were defined
as the change in potentially affected fraction of plant species (PAF) due to a change
in the country-specific poplar plantation area (in Km?q?yr/km?sopiar) and consists of
a fate factor and an effect factor. To determine the fate factor, changes in
Accumulated Ozone over a Threshold of 40 ppb (AOT40) in all grid cells
connected to isoprene emissions resulting from additional poplar plantations on 1%
of agricultural land in each country were estimated with chemistry transport model
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LOTOS-EUROS on a 0.5x0.25° scale. The effect factor was based on a lognormal
relationship between the PAF of plant and grassland species and ground-level
AQT40. To test our developed CFs, a case study was performed of electricity
generation in a coal power plant for varying fuel mixtures of hard coal and poplar
biomass. The functional unit was 1 kWh of electricity generated. ReCiPe2016 was
used for the impact assessment of other impact categories. Largest CFs were shown
in southern and central parts of Europe, which is mainly caused by larger effect
factors in these areas. Largest impact was obtained for Slovenia, i.e.
7.6-102KmPyeq?yr/km?popiar. The area-weighted European average CF was 2.9-107
Km?,eg?yr/km?pepiar. Case study results show that ozone formation caused by
cultivation of poplar plantations can contribute significantly to overall ecosystem
impacts due to electricity generation from poplar biomass. When fully using
biomass for electricity production, cultivation of poplar plantations in Italy even
contributed 20% to the total adverse effects to ecosystems. With our work ozone
formation impacts due to poplar tree plantations for biomass production can be
quantified. We showed that contributions to ecosystem damage from these
emissions in an electricity generation case study were not negligible. Therefore, we
recommend to include the CFs in future LCA case-studies where poplar plantations
are included.
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Relative potency approach for using in vitro information for calculating
human effect factors in LCIA

B. Salieri, EMPA / Technology and Society Lab; M. Résslein, J. Kaiser, Empa
Swiss Federal Laboratories for Materials Science and Technology /
Particles-Biology Interactions Laboratory; R. Hischier, EMPA / Technology and
Society Lab; B. Nowack, Empa Swiss Federal Laboratories for Materials Science
and Technology / Technology and Society Lab; P. Wick, Empa Swiss Federal
Laboratories for Materials Science and Technology / Particles-Biology Interactions
Laboratory

Although manufactured nanomaterials (MNMSs) offer several advantages compared
to their bulk form, several concerns have been raised on their environmental and
human risk. The LCA methodology is a valid tool to assess the environmental and
human impact of nanoproducts. But overall, LCA studies of MNMs and
nanotechnology are currently affected by a gap of knowledge regarding the
exposure and toxicity of MNM releases into the environment during different life
cycle stages. Within the LCA methodology, the human toxic effect (EF) is
evaluated based on EDs, extrapolated by in vivo studies or human studies. In vision
of the “Toxicity Testing in 21st Century”, the in vivo tests are expected to be
replaced by in vitro tests. Also, for emerging materials such as nanomaterials, still a
scarce number of in vivo data are available in literature. Given the expansion of in
vitro testing, there is probably a potential to use outputs from such in vitro testing in
order to derive EDs, values for the use in LCA studies. Here, we propose to
integrate in vitro data in the assessment of the human toxic potential using a relative
potency (RP) approach. The RP approach has been widely used by toxicologist for
ranking chemical, to calculate the equivalent dose of one chemical that produce the
same response as another at a specific dose or to define toxic equivalency factor. In
vitro toxicity test for nano-CuO, nano-Ag and nano-ZnO have been performed on
THP-1 cell line, CaCo-2 cells and Hep-G2 cell line. Based on the ECs, values
obtained by the in vitro test a RP factor has been calculated and used to calculate the
EDs, for the above mentioned nanoparticle. Therefore, we present a first attempt for
the derivation of EF values for their implementation into LCIA factors for human
toxicity, by using in vitro data values for nano-CuO, nano-Ag and nano-ZnO in
combination with a relative potency (RP) approach. Until more comprehensive
toxicity data (i.e. EDso) as well as a more sophisticated method to convert in vitro to
in vivo data become available, we can consider the in this study applied procedure
as the good approximation in order to make use of the already large and
continuously increasing body of in vitro toxicological studies on nanoparticles and
like this allow their use in the field of LCA.
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Integrating endocrine disruption into life cycle impact assessment

Y.A. Emara, A. Lehmann, M. Siegert, Technische Universitaet Berlin / Chair of
Sustainable Engineering; M. Finkbeiner, Technische Universitat Berlin / Chair of
Sustainable Engineering

Converging lines of evidence suggest that exposure to ‘endocrine-disrupting
chemicals (EDCs)’, i.e. chemicals with the ability to interfere with and alter
functions of the endocrine system, is linked to multiple adverse effects on humans
and wildlife (e.g. diabetes and reproductive dysfunctions). Currently, life cycle
impact assessment (LCIA) models targeted at characterizing toxicity-related
impacts of chemical emissions do not model endocrine toxicity. This study
proposes a new approach to include endocrine disruption (ED) as a new impact
pathway within LCIA and establish two new impact categories (Human ED and
wildlife ED), thereby capturing adverse endocrine-mediated effects on humans and
ecosystems separate from other toxicity-related impacts. Relying on the USEtox
model, the calculation of fate and exposure factors remains unchanged, while the
effect factor is determined using effect data on several ED-sensitive toxicological
endpoints, thus reflecting the spectrum of endocrine mechanisms by which an EDC
is known to act (e.g. estrogen receptor antagonism or interference with thyroid
pathways) and the resulting mosaic toxic effects. To overcome potential data
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constraints in finding sufficient toxicological effect data for the thousands of
chemicals suspected to exhibit endocrine-disrupting characteristics, data provided
by the United States Environmental Protection Agency on the basis of in-vitro
high-throughput screening assays for the endocrine bioactivity of more than 1,000
chemicals is examined for its suitability to be used in the proposed approach. New
characterization factors for a set of known EDCs will be provided to directly enable
characterization of EDCs and their adverse effects within future life cycle
assessment studies.
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Poster spotlight: MO090, MO091, MO100

Environmental fate of emerging contaminants in the water
cycle: analytical challenges and engineered solutions (ll)
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Review on removal and reactions of micropollutants in biofilms under growth
and non-growth conditions

K. Bester, Aarhus University / Environmental Science; M. Escola Casas, Aarhus
University / Department of Environmental Sciences; U. Bollmann, Aarhus
University / Environmental Science; P. Carvalho, Aarhus University, Department
of Environmental Science / Department of Environmental Science; E. Torresi,
Kruger A/S; H. El-taliawy, Aarhus University / Department of Environmental
Science; L. Zhang, Aarhus University / Department of Bioscience; G. Ooi, K. Tang,
DTU Environment; H.R. Andersen, Technical University of Denmark / Department
of Environmental Engineering; M. Christensson, Anox Kaldnes

Pharmaceuticals and other compounds need to be removed from wastewater. This
contribution will give an overview on the possibilities of removing micropollutants
with biofilms. Biofilms occur in nature, but are also increasingly used in technical
installations to remove micropollutants from water (wastewater and drinking
water), porous media biofilm systems (sandfilters), moving bed biofilm systems
(MBBRs). Biofilms can remove considerably better than suspended bacteria:
diclofenac is recalcitrant in sludge systems, while it can be degraded with half-lives
of 2 h in biofilm systems. In this contribution it is highlighted which ecological
conditions (aerated versus denitrifying; high and low BOD loads) have been found
to favor degradations. It was found that BOD supply has massive impact on the
removal: On the one hand high BOD loads led to enhanced growth of biofilm,
resulting in high turnover and reaction rates also of the respective micropollutants.
On the other hand the biomass related reaction rate constants are considerably
higher with low BOD loads. The highest reaction rate constants and biomass related
reaction rate constants were found for systems with intermittent BOD loading. The
switch from aerated to denitrifying conditions, however only gives effects for a
chosen few compounds like ibuprofen, while reaction rates usually are similar. So
the redox conditions as such are obviously not critical. Biofilms have often proven
to have unique degradation pathways leading to hitherto strange metabolites. On the
other hand compounds that were hitherto believed to be recalcitrant (like
diclofenac) could easily be degraded in relatively short time periods. For single
compounds degradation pathways for biofilm systems are discussed and compared
to other systems. — While oxidation pathways are relatively common it seems like
biofilms often perform a combination of oxidation and sulfatation pathways.
Interestingly enough, it was possible to reach high removal rates for otherwise
persistent ozonation-by products such as macrolide N oxides while avoiding back
reactions to the parents with a moving bed biofilm reactor (MBBR). This also holds
for most of the ozonation products of diclofenac.
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Biodegradation of emerging organic contaminants using an enzyme-mediator
system and study of the resulting transformation products

1. Caraene, Cutin University / chemical department; C. Joll, Curtin University /
chemical department; K. Linge, Y. Gruchlik, Curtin University; A. Paparini,
Murdoch University

Due to improvements in analytical screening methods, a large number of emerging
organic contaminants (pharmaceutically active compounds, personal care products,
pesticides, surfactants, plasticizers, corrosion inhibitors, flame retardants, artificial
sweeteners andothers) have been identified in the aquatic environment.
Biodegradation is one of the processes that can remove potentially hazardous
emerging organic contaminants from different environments, with the help of
microorganisms (e.g. algae, bacteria or fungi) and their extracellular products, in
both aerobic and anaerobic conditions. The objective of this study was to
investigate the biodegradation of a series of antibiotics and one anticonvulsant
using laccase enzyme, extracted from a white-rot fungi Trametes Versicolor, in the
presence of 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS), as a mediator. The experiments were conducted in MilliQ water at
different pH values, with different ratios of laccase and mediator, under aerobic and
static conditions. The degradation was monitored by measuring the concentration
of the remaining antibiotic over 168 hours, using a high performance liquid
chromatograph with UV detection. The formation of new peaks was also monitored
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and high resolution mass spectrometry (HRMS, LTQ Orbitrap) was used to identify
potential transformation products. Furthermore, the microbial activity of the
antibiotics and their transformation products was assessed, using an E. coli culture
and microbial disks. Results showed that 89% degradation of sulfamethoxazole can
be achieved at pH=5, with an enzyme activity ranging between 110-120 U/L and an
initial mediator concentration of 200 uM, while trimethoprim only degraded by
43% under the same conditions. The results of similar biodegradation experiments
on other antibiotics will be discussed in this conference presentation. The
identification of transformation products of the antibiotics using high resolution
mass spectrometry, and the microbial activity of the transformation products, will
also be presented. This study provides a better understanding of the biodegradation
of emerging organic contaminants and their transformation products. Further work
can assist in assessing the possible health and environmental risks associated with
the reuse of treated wastewater, for applications such as irrigation and groundwater
replenishment.
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Evaluation of macrolide antibiotic transformation in model biodegradation
and ozonation experiments using target and non-target analyses and
ecotoxicological bioassays

S. Terzic, Rudjer Boskovic Institute / Division for Marine and Environmental
Research; P. Kostanjevecki, I. Krizman-Matasi¢, I. Senta, Rudjer Boskovic
Institute; T. Jurina, Faculty for Food Technology and Biotechnology; N.
Udikovic-Kolic, Rudjer Boskovic Institute; J. Curko, Faculty of Food Technology
and Biotechnology; M. Matosic, Faculty for Food Technology and Biotechnology;
J. Lon¢ar, 1. Mihaljevi¢, T. Smital, Rudjer Boskovic Institute; M. Ahel, Rudjer
Boskovic Institute / Division for Marine and Environmental Research

The aim of the present study was to investigate the transformation of three
prominent representatives of macrolide antibiotics (azithromycin - AZI,
clarithromycin - CLA and erythromycin - ERY) in model biodegradation and
ozonation experiments. The study included determination of the dissipation kinetics
of the parent compounds, identification of transformation products and
ecotoxicological evaluation of transformation processes using two different
end-points. The biodegradation efficiency was studied using the sludge culture
enriched in the presence of AZI (10 mg/L) over a period of 4 months while the
ozonation experiments were performed in different matrices by applying selected
pH conditions and ozone concentrations. The dissipation kinetics of parent
compounds as well as the formation of transformation products (TPs) were
followed by ultra-performance liquid chromatography/quadrupole-time-of-flight
mass spectrometry. Antibiotic activity test was based on the inhibition of bacterial
growth (Bacillus subtilis), while toxicity test was performed with the freshwater
green algae Desmodesmus subspicatus. At the applied experimental conditions,
both biodegradation and ozonation experiments resulted in nearly full elimination
of the tested parent compounds. The biotic and abiotic removal of all parent
compounds was associated with the formation of different TPs, some of which were
rather abundant and persistent to further degradation. The highest number of
detected TPs was associated with the elimination of AZI, while the number of CLA
and ERY TPs was comparatively much lower either under biotic and abiotic
conditions. The environmental relevance of the identified biotransformation
products, some of which included previously unknown linearized TPs, was proven
by screening the municipal wastewater extracts for their presence. The effect-driven
evaluation of the studied transformation processes, based on toxicity to algae and
residual antibiotic activity, indicated a significant reduction of harmful effects,
however formation of numerous stable transformation products, warrants further
ecotoxicological assessment.
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DI-SPME - On-fiber Derivatization - GC-MS. An innovative green and
cost-effective approach to determine CECs and TPs from a novel
anoxic-aerobic photobioreactor

R. Lopez-Serna, University of Valladolid / Chemical Engineering and
Environmental Technology; E. Posadas, P.A. Garcia-Encina, R. Mufioz, University
of Valladolid

The demand of multicomponent methods for the analysis of compounds of
emerging concern (CECs) in environmental matrices is a reality today. However,
conventional techniques based on Solid Phase Extraction (SPE) coupled to Liquid
Chromatography Mass Spectrometry (LC-MS) are very often only available in
high-tech laboratories. The cost-competitive methodology presented here,
successfully developed and validated, intends to fill the existing gap between
current environmental needs and analytical capacities. It consists of an innovative
method for the analysis of 12 CECs, including 3 Transformation Products (TPs), in
sewage and sludge using a fully automatized online DI-SPME — On-fiber
Derivatization — GC-MS. The validated method was proven to be reliable, thanks to
the combination of two quantification approaches, i.e., matrix-matched and internal
standard, as well as sensitive (LODs below 20 ng L for most of the target
compounds in sewage and 30 ng g* in sludge), versatile and green. The method was
successfully applied to real samples from a novel pilot scale anoxic-aerobic
photobioreactor, where the influence of the organic load on the removal efficiencies
(REs) of the CECs was evaluated. The three operational stages, at three different
concentrations of chemical oxygen demand (COD) (66946 mg L, 493+11 mg L*
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and 434+ 11 mg L), were maintained for 40 d (=4 times the SRT) to achieve
representative steady states. The maximum REs of ibuprofen, naproxen, salicylic
acid, triclosan and propylparaben were 91+1%, 28+7%, 83+5%, 85+0% and
85+15%, respectively. COD concentration only affected clearly ibuprofen and
naproxen REs. This pointed out oxidation as an important removal mechanism for
those cases. In contrast, salicylic acid and triclosan REs slightly increased at lower
COD loads. For propylparaben, high elimination rates (above 80%) were observed
regardless the COD concentration. Oxidation, biodegradation, sorption,
volatilization and photodegradation were discussed as the possible removal
mechanisms of the tested contaminants. This constituted the first evaluation of
CECs removal by a synergetic interaction between algae and bacteria depending on
the organic carbon load.
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Abatement of amoxicillin, ampicillin and chloramphenicol from aqueous
solutions using activated carbons prepared from grape slurry

R. Chitongo, Cape Peninsula University of Technology Cape Town South Africa /
Chemistry; B. Opeolu, Cape Peninsula University of Technology / Faculty of
Applied Sciences; O.S. Olatunji, Cape Peninsula University of Technology /
Chemistry

There has been an increase in the use of pharmaceutical compounds for promotion
of human and animal health, and the prevention of diseases over the past few
decades. The sources of water and environmental contamination from these
compounds include effluent discharges from household and several industrial
activities. The capability of the sewage treatment processes in removing
pharmaceuticals from wastewaters in African countries is also not fully known.
There is scarcity of information concerning the utilization of grape slurry waste as a
precursor of carbon based adsorbents, as well as its application for the removal of
amoxicillin (AMX), ampicillin (AMP) or chloramphenicol (CHLR). This study
therefore aimed at monitoring of the three antibiotic residues in selected surface
waters. Activated carbons produced from grape slurry were also characterized and
explored for abatement of the antibiotics’ residues from aqueous solutions. An
UHPLC-UV-DAD was optimized for the separation, detection and quantification
of antibiotics in aqueous matrix. Solid Phase Extraction (SPE) procedure was
optimized for recovery studies. Surface water samples were collected along the
mainstream transects drainage stretch of the Diep River at different sampling points
over two seasons. The removal of antibiotics from aqueous solutions using
activated carbons produced from grape slurry was also studied. Activated carbons
were characterized using FTIR, SEM and EDX in order to understand the removal
mechanisms of the contaminants by activated carbons. The three antibiotics studied
were detected in environmental water samples. Attempts were made to remediate
these compounds using activated carbons produced from grape slurry waste. The
sorption data indicated that all the operating conditions employed in this study were
crucial for the control of antibiotics adsorption. The percentage sorption was
enhanced with increasing adsorbent dose, contact time and pH, while increasing
initial antibiotic concentration and temperature did not favour the sorption of the
antibiotics. The equilibrium data fitted satisfactorily into the three isotherms
studied. The pseudo-second-order kinetic model better described the adsorption of
the antibiotics onto activated carbons used. Thermodynamic evaluation showed that
the sorption was exothermic, feasible but non-spontaneous with increased in
temperature.
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Biodegradation of organic micropollutants in constructed wetlands:
comparison of design and operational parameters

P. Carvalho, Aarhus University, Department of Environmental Science /
Department of Environmental Science; Y. Zhang, Southern University of Science
and Technology / School of Environmental Science and Engineering; L. Tao,
Nottingham Trent University / School of Animal, Rural and Environmental
Sciences; L. Zhang, C.A. Arias, Aarhus University / Department of Bioscience; K.
Bester, Aarhus University / Department of Environmental Science; H. Brix, Aarhus
University / Department of Bioscience

Wastewater has been considered a major source of contaminants of emerging
concern to the environment, as conventional treatment systems do not completely
remove them. Constructed wetland systems (CWSs) have, however, been shown to
be able to degrade some of these emerging contaminants, namely organic
micropollutants. But the processes at the core of the removal of these compounds in
CWs are yet unknown. Research being developed at Aarhus University aims at
understanding the removal processes and fate of organic micropollutants in
different types of CW systems. Five different experiments have been conducted in
the past four years. Two experiments have been performed under hydroponic
conditions in a growth chamber aiming to understand the uptake, translocation and
metabolisation of the organic pollutants. Two other experiments compared the
effects of season, plant presence and plant species, initial concentration, hydraulic
loading rate and CW design in different pesticides and phamarceutical compounds.
A sixth setup targeted the impact of support matrix in compounds sorption and
biofilm microbial community function. The plants Typha latifolia and Phragmites
autralis were the most efficient plant species in removing ibuprofen and iohexol.
Phragmites was the most efficient species to remove the pesticides tebuconazole
and imazalil. Uptake, translocation and degradation of chiral pesticides inside the
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plant tissue was documented. Formation of transformation products was assessed,
but the mass balances were not closed. Organic micropollutants sorption to support
matrix was low. Removal of different compounds was higher in summer than in the
winter. Planted reactors showed higher efficiency than unplanted reactors, stressing
the synergies between the plant and the microbial community. Unsaturated systems
tended to be more efficient. Removal correlated with the nitrification activity and
with the biofilm activity, suggesting that bacterial processes play an active role in
the micropollutants biodegradation. The removal of the organic micropollutants in
CWs is affected by several design and operational parameters. Plant uptake does
occur but phytoaccumulation is low as the compounds can be degraded inside the
plant tissues. Due to overlying effect of the plants, the extent of microbial
degradation could not be quantified. Further studies on transformation products in
this type of technical systems are needed.

Wildlife ecotoxicology: laboratory dosing studies to field
population assessments (Il)
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Effects of PAH exposure on fuelling ability in a long distance migratory
shorebird

K. Bianchini, University of Saskatchewan - Toxicology Centre / Toxicology; C.A.
Morrissey, University of Saskatchewan / Biology

Many shorebirds are long distance migrants that stop to refuel along the journey
where they can be exposed to pollutants that may impede fuelling for migration.
Exposure to organic pollutants can cause potential effects on migration success,
speed and subsequent population parameters since pre-migratory fuelling is
correlated with reproductive performance upon reaching the northern breeding
grounds. The polycyclic aromatic hydrocarbons (PAHSs) found in marine oil
pollution have the potential to interfere with pre-migratory fuelling physiology in
shorebirds. However, a link between PAH exposure and pre-migratory fuelling has
yet to be established. Our objective was to determine if PAHSs or associated
contaminants can affect condition and fuelling rates in a captive shorebird, the
Sanderling and in the field at major shorebird stopovers. In this study, a captive
population of 49 Sanderling (Calidris alba) was orally dosed with a commercial
PAH mixture for 21 days at ecologically relevant concentrations (0, 12.6, 126, and
1260 pg PAH/kg body weight/day). We found that EROD activity was significantly
elevated in the high dose group relative to controls and fuelling rates and condition
were also lower in dosed birds. Higher PAH exposures were associated with
reduced serum bile acid concentrations, elevated serum creatine kinase
concentrations, and with high serum lipase concentrations (in females). These
results suggest that PAH exposure can interfere with lipid transport and metabolism
and can cause muscle damage leading to poorer condition. We also captured
Sanderling from the Gulf of Mexico, which is subject to recurring oil spills and
from Chaplin Lake, Saskatchewan, a relatively uncontaminated site. We measured
each bird’s body condition, fuelling status, and plasma PAH levels and attached
miniature radio transmitters to a subset of birds (n=75). Motus radio telemetry array
technology was used to determine the arrival and departure timing and stopover
duration. We found that mean stopover durations in the Gulf of Mexico were longer
than in Chaplin Lake (27 versus 15 days), and that stopover duration was associated
with body condition and fuelling status at capture. We also measured higher plasma
PAH concentrations in birds at certain Gulf sites, suggesting that PAH exposure is
associated with lower pre-migratory fuelling rates. This work will inform shorebird
conservation by providing valuable insight into a potential cause of migratory
shorebird declines.
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PFAA:s levels, oxidative status and reproductive success in great tits (Parus
major) inhabiting a contamination hot-spot.

A. Lopez Antia, Universiteit Antwerpen / Biology; T. Groffen, Systemic
Physiological and Ecotoxicological Research (SPHERE), University of Antwerp /
Biology; L. Bervoets, Universiteit Antwerpen; R. Lasters, E. Prinsen, H. Abd
Elgawad, University Antwerp; M. Eens, University of Antwerp / Department of
Biology

Perfluoroalkyl acids (PFAAS) are substances which have been produced for more
than five decades. Their unique properties of repelling both water and oil, make
them suitable for many industrial and consumer applications such as water and dirt
repellents for clothes and carpets, active components in firefighting foams or
precursors in Teflon® production [1]. Its extensive use, together with their high
persistence, has resulted in global contamination of the environment, wildlife and
even humans [2,3]. This ubiquity contrasts sharply with the limited amount of
available information about their effects on organisms. We report here PFAAs egg
and plasma levels in wild populations of great tits (Parus major) settled along an
established pollution gradient starting from a fluorochemical plant in Antwerp
(Belgium). Using two generations of great tits we have obtained important results in
some poorly known issues such as the differences between sexes, maternal transfer
of compounds or possible effects on the oxidative status or the reproductive
success. The levels we detected in eggs and plasma, demonstrate that Antwerp is
one of the major hot-spots in the world for perfluorinated compounds pollution.
With regard to the possible effects, negative correlations were observed between
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PFAAs levels in the eggs and reproductive parameters, including the total hatching
success, eggshell thickness or the total breeding success. PFAAs levels in blood
correlated with protein damage in adult birds while in chicks they correlated with
higher activity of antioxidant enzymes (GPX and CAT). The obtained data
represent an important step towards the understanding of the behaviour, effects and
consequences of PFAAs in wild bird populations. [1] Buck RC, Franklin J, Berger
U, Conder JM, Cousins IT, de Voogt P, Jensen A, Kannan K, Mabury S, Van
Leeuwen SP (2011). Perfluoroalkyl and polyfluoroalkyl substances in the
environment: terminology, classification, and origins. Integr Environ Asses 7:
513-541. [2] Giesy JP and Kannan K (2001). Global distribution of perfluorooctane
sulfonate in wildlife. Environ Sci Technol 35: 1339-1342. [3] Giesy JP and Kannan
K (2002). Peer-reviewed: perfluorochemical surfactants in the environment.
Environ Sci Technol 36: 146-152.
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Active and passive monitoring of lead poisoning in birds of prey in Spain

R. Mateo, IREC-CSIC- UCLM / Grupo de Toxicologia de Fauna Silvestre; E.
Descalzo-Sanchez, Instituto de Investigacion en Recursos Cinegéticos IREC
CSICUCLMJCCM; P.R. Camarero, Instituto de Investigacion en Recursos
Cinegéticos, CSIC-UCLM-JCCM / Grupo de Toxicologia de Fauna Silvestre; I.S.
Sanchez-Barbudo, UCLM-CSIC / Grupo de Toxicologia de Fauna Silvestre

The ingestion of lead ammunition is the most important source of exposure to this
metal in birds of prey, and consequences on their health are well-know. The
objective of the present study is to improve our knowledge on the exposure to Pb in
birds of prey in Spain by means the integration of active and passive monitoring
programs based on Pb analysis in blood and liver of raptors and by the evaluation of
the effects on their health by using non-destructive blood biomarkers. We have
performed a passive monitoring by measuring blood (n=27) and liver (n=685) lead
levels in birds of prey of 16 species found dead or sick in Spain between 2004 and
2017, but also an active monitoring by measuring blood lead levels in birds (n=196)
of 9 species trapped alive in the field. Adverse effects of lead exposure on heme
biosynthesis, P/Ca metabolism, oxidative stress and immune function were also
evaluated in the active monitoring by means non-destructive biomarkers. The
active monitoring showed that some individuals of bearded vulture (1/3), Eurasian
griffon vulture (87/118), Spanish imperial Eagle (1/6) and red kite (1/18) presented
abnormal blood Pb exposure levels (>200 ng/ml). Passive monitoring revealed that
the species with lead levels in liver associated with clinical poisoning (18-30 pg/g
d.w.) were cinereous vulture (1/39), Eurasian griffon vulture (2/228) and western
marsh-harrier (1/32); and the species with clinical severe poisoning (>30 pg/g d.w.
of Pb in liver) were Eurasian griffon vulture (19/228), red kite (1/129) and golden
eagle (3/36). The study of biomarkers reveals a negative relationship between
3-ALAD activity in blood and blood Pb concentration. Ca/P homeostasis was also
affected by Pb exposure, because elevated blood Pb levels were associated with
lower Pb levels and higher Ca:P ratio in plasma of birds. Carotenoid levels in
plasma were also increased in birds with higher blood Pb levels, indicating a
possible allocation of antioxidants in plasma to cope with adverse effects of Pb. The
integration of active and passive monitoring permits to have a more complete
perspective of the risk that Pb represents for raptors. Here we confirm with the
active monitoring the elevated blood Pb levels (73.7% with >200 ng/ml) in
field-trapped Eurasian griffons as found in previous studies, but also report a
significant mortality (8.3% with >30 pg/g d.w.) in Eurasian griffons and golden
eagles with the passive monitoring.
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Persistence of elevated p,p'-DDE levels and HCB-related protoporphyrin 1X
decrease in eggs of common kestrels from Tenerife (Canary Islands, Spain)

A. Buck, Instituto de Investigacion en Recursos Cinegéticos IREC
CSICUCLMJCCM / Wildlife Toxicology; J. Carillo, University of La Laguna; P.
Camarero, IREClInstituto de Investigacion en Recursos Cinegéticos; R. Mateo,
IREC-CSIC- UCLM / Grupo de Toxicologia de Fauna Silvestre

Persistent organochlorine (OC) pesticides, including p,p’-DDT, have been banned
in many parts of the world for more than 30 years, but they are still present in the top
predators of terrestrial and aquatic food webs. The Canary Island were one of the
Spanish regions with the highest use of OC pesticides due to the intensity of its
agriculture. A previous study performed between 1988 and 1994 with 14 unhatched
eggs of West Canarian common kestrel (Falco tinnunculus canariensis) from
Tenerife Island showed elevated concentrations of p,p’-DDE (17.9 pg/g dw;
equivalent to 4.9 pg/g ww). Here, we have monitored the levels of OC compounds
(pesticides and polychlorinated biphenyls) in 40 unhatched eggs of West Canarian
common kestrels from Tenerife Island collected between 2009 and 2016. We have
also measured the porphyrin composition of the eggshells to explore the use of
these pigments as biomarkers of organochlorine pollution in birds. Biometry, status
of embryo development and eggshell thickness were recorded from each egg and
information about habitat characteristics were recorded for each nest. Because the
eggs were at different degrees of desiccation, the content was lyophilised in order to
measure OC concentrations in dry and lipid weight of content. OC analysis was
performed by extraction with n-hexane:dichloromethane (4:1), evaporation (for
lipid weight calculation) and resuspension in n-hexane, followed by four clean-ups
with sulfuric acid and determination by GC-ECD. For porphyrin determination,
eggshells were homogenized and extracted with acetonitrile:HCI 3N (2:1) and then
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analysed by HPLC-DAD. Egg content showed the following OC levels (mean +
SE; ug/g dw): p,p’-DDE, 15.2 £1.7; p,p’-DDT, 0.118 + 0.020; PCBs, 0.459
0.121; HCHs (hexachlorocyclohexane isomers), 0.021 + 0.003; and HCB
(hexachlorobenzene), 0.0042 + 0.0004. p,p’-DDE levels have remained elevated
for more than 20 years and these levels were statistically associated in generalized
linear models with the surface of active and abandoned cropland in a 200 m-radio
around the nest (+), distance from nest to urban areas and greenhouses (-), altitude
(-) and year (highest in 2011). PCB levels were associated with distance from nest
to roads (-) and altitude (+). The shell index was not affected by p,p’-DDE levels,
but decreased with embryo development. Protoporphyrin X was the only pigment
in eggshells and its concentration was negatively affected by HCB levels in egg
content.
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Long-term increase in secondary exposure to anticoagulant rodenticides in
European polecats in Britain

K.A. Sainsbury, University of Exeter / Environment and Sustainability Institute; R.
Shore, Centre for Ecology & Hydrology (NERC); H. Schofield, L. Croose, The
Vincent Wildlife Trust; M.G. Pereira, Centre for Ecology & Hydrology / Lancaster;
D. Sleep, NERC Centre for Ecology & Hydrology; A.C. Kitchener, G. Hantke,
National Museums Scotland; R. McDonald, University of Exeter / Environment
and Sustainability Institute

As a result of legal protection and population recovery in Great Britain, European
polecats (Mustela putorius) are expanding into areas associated with greater usage
of second-generation anticoagulant rodenticides (SGARs). We analysed livers from
polecats found dead (mostly road casualties) from 2013-2016 for residues of five
SGARs. We related variation in residues to polecat traits (age, sex, provenance), to
potential exposure pathways by analysing stable isotopes of carbon (§**C) and
nitrogen (5'°N) in whiskers, and to data collected from polecats in the period
1992-99. In all, 54 of 68 (79%) polecats from 2013-16 had detectable liver residues
of at least one SGAR. Bromadiolone (71%) was the most commonly detected
compound, followed by difenacoum (53%) and brodifacoum (35%). Liver SGAR
residues did not vary with sex or with the season in which the polecat died. We
found a positive association between occurrence of liver SGAR residues and §*°N
values. Polecats in Britain feed predominantly on rats and rabbits and our findings
are consistent with the concept that individuals feeding on rats (higher trophic level
than rabbits) are more likely to be exposed to SGARs. Total SGAR liver
concentrations were higher in polecats from arable than pastoral habitats, consistent
with more intensive SGAR use on arable farms, and higher in western than eastern
regions although the reason for this is unclear. Both number of compounds and total
SGAR concentrations were positively associated with age, presumably due to
multiple sub-lethal exposures during an animal’s lifetime; older animals may thus
be at most risk from poisoning due to progressive accumulation of liver residues.
When we compared data for polecats from 2013-16 with those for polecats that died
in 1992-99 and accounted for differences between studies in detection limits, we
found that the rate of detection of SGARs in polecats in Britain increased 1.7 fold
over the 25 year period. This increase was not restricted to newly recolonised areas
and suggests an increase in the risk to polecats from SGARs throughout their
range.
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Environmental risk assessment in time and space - new
approaches to deal with ecological complexity

89

The threshold option, the recovery option and landscape modelling

P. Thorbek, Syngenta / Environmetal Safety; N. Galic, Syngenta / Environmental
Safety; V. Forbes, University of Minnesota / Ecology, Evolution & Behavior
Landscapes provide a multitude of ecosystem services, but the relationships
between the populations of the organisms providing them, stressors and the
delivered ecosystem services are dynamic and often nonlinear. In order to
understand how pesticides may affect ecosystem services and biodiversity at the
landscape level, it is necessary to understand both exposure and effects at the
organism level, but also how life history, movement patterns and farming activities
such as tillage and harvest affect population dynamics. If this has to be done for all
species in all landscapes in Europe the modelling task quickly becomes
unmanageably complex, and the interpretation of the modelling outputs will be
challenging. Here we present a tiered system for model design to aid managing the
complexity. We outline what model design features are necessary for modelling
based on species mobility and whether the ecological threshold option (ETO) or the
ecological recovery option (ERO) is chosen. Ecological production functions
quantitatively link the service-providing units to the services delivered and are
therefore essential for understanding how attributes of population and ecosystems
(e.g. biomass or functioning) contribute to the final ecosystem services enjoyed by
the recipients. Such understanding can be used to set the protection goals for
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different service-providing units for both ETO and ERO. The attributes which link
to service delivery can be difficult to measure at the landscape level, but by
combining ecological models and ecological production functions, thresholds can
be set for lower tiers of the risk assessments, which may be easier to measure. In
some cases the ecological production functions are quite simple if a population
directly delivers the service (e.g. for angling). However, in other cases, the link is
far from straightforward and such ecological production functions have largely
been ignored in pesticide risk assessment. This should be a priority area for future
research.
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Understanding risk - a better approach to reduce uncertainty

M. Wang, WSC Scientific GmbH / Dept Efate  Modelling; M. Foudoulakis, Dow
Agrosciences / RSRA ERS

For many compounds the intrinsic toxicity as determined in toxicity studies does
not reflect toxicity and risk adequately. Rather other mechanisms determine which
species are most at risk (focal species) and how large the risk posed to these species
is. These include for example elimination rates and feeding behaviour, which are
not considered in the first tier. In the present presentation results from two
case-studies are given which demonstrate how uncertainty in the risk assessment
can be reduced by trying to understand mechanisms that lead to toxicity and
mechanism determining the actual and long-term risk of mammals and birds in the
field. Field data help to verify the obtained knowledge and to determine an
empirical margin of safety. Finally, population modelling is used to answer what-if
questions and to answer questions on the relevance of effects when considering
specific worst-case assumptions. In both example compounds metabolism and
excretion together with feeding behaviour mainly determined the acute and
long-term risk. All of these mechanisms are not considered in the first tier risk
assessment and without these it would not be possible to understand the risk of the
compounds shown here. This understanding significantly reduced the uncertainty
of the risk assessment, because with the gained knowledge it is possible to identify
critical scenarios.
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Developing spatio-temporally realistic representations of agricultural
landscapes for assessing the impacts of pesticides on non-target organisms

E. Ziotkowska, Jagiellonian Univeristy / Institute of Environmental Sciences; C.J.
Topping, Aarhus University / Department of Bioscience; A. Bednarska, Polish
Academy of Sciences / Institute of Nature Conservation; R. Laskowski,
Jagiellonian University / Ecotoxicology & Stress Ecology Group

Species richness and population sizes in agro-ecosystems have decreased
dramatically during last few decades. The current scheme of agricultural
intensification resulting in landscape simplification is considered one of the main
causes of this biodiversity loss, along with widespread use of pesticides. As the
management of landscape heterogeneity seems to be crucial for maintaining vital
populations in agro-systems, it is necessary to include the landscape component in
ERA and as the important mitigation strategy. We present a methodological
framework for modelling the spatio-temporal heterogeneity in agricultural
landscapes. The framework has been implemented within the ALMaSS simulation
system allowing to investigate the effects of changes in landscape structure and
management on the population size and distribution of animals. We describe spatial
landscape heterogeneity through a detailed land cover map, in which farmed areas
are represented as accurate maps of fields grouped into farm units of different types
(e.g., cattle or arable farms). The temporal component of agricultural landscape
heterogenity refers to both crop management throughout a year, described through
individually tailored management plans for each crop, and the cropping system
understood as a pluriannual crop rotation. Crop management plans consist of
combinations of farm activities (including pesticide treatments), as well as time
windows and probabilities of carrying out activities. The temporal component also
includes weather conditions and vegetation growth models for all vegetation types
and crops. Such approach gives a highly realistic, updated on a daily basis, dynamic
landscape with vegetation growing in response to the weather, and the pattern of
farming activities related to each specific crop, farm, and field. Our methodological
framework, supported with semi-automated procedures for spatial data
management, makes creation of highly-realistic model agricultural landscapes
feasible and usable for landscape-scale risk assessment. More importantly, the
presented tools allow for testing in silico various scenarios of agricultural practices,
including pesticide use, in differently structured landscapes. This seems at the
moment the most promising strategy for elaborating sustainable agricultural
practices that would allow for high productivity, whilst still protecting the
agrobiodiversity. This study was supported by the National Science Centre, Poland
(2015/19/B/NZ8/01939).
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Where are the Springtails? A vertical distribution model for Collembolans
V. Roeben, RWTH Aachen University, Institute for Environmental Research /
Institute for Environmental Research BioV; L.S. Tzschoppe, RWTH Aachen
University / Institute for Environmental Research BioV; T. Preuss, Bayer Ag /
Environmental Safety; A. Schaeffer, RWTH Aachen University / Chair of
Environmental Biology and Chemodynamics; M. Ross-Nickoll, RWTH Aachen
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University, Institute for Environmental Research / Institute for Environmental
Research

With respect to environmental risk assessment it is crucial to know where and when
to protect an organism but still little is known on the dispersal of collembolan
communities in agricultural landscapes. Especially for the environmental risk
assessment of plant protection products vertical movements can be relevant for
exposure assessment of in-soil organisms. Thus, ecological modeling offers a
powerful tool to link exposure and effect. We will present the individual-based
model of the soil-dwelling collembolan Folsomia candida FOLCAS (Folsomia
candida simulation). FOLCAS is a vertical distribution model simulating an
agricultural soil column, which can be applied to demonstrate the effect of
variations in environmental parameters on the population and its dispersal. In
addition, the model features the option to evaluate the effect of a pesticide
application. The model consists of two submodels: the lifecyle and the movement
submodel. The movement of the individuals in FOLCAS is influenced by
temperature, pore space, pH and the organic matter as a proxy for food availability.
In order to assess the importance of food availability as a main trigger for
movement a vertical distribution experiment was designed. In this experiment we
assessed the vertical dispersal of F.candida in OECD soil in relation to food
location and time. Transparent PVC columns were filled with 350 g OECD soil up
to 20 cm column height and 86 individuals of F.candida of different age classes
were added. Each column was divided in 6 compartments from top to bottom:
0-1cm, 1-2.5cm, 2.5-5cm, 5-10cm, 10-15cm and 15-20cm. The location of feeding
was varied by four different regimes while all other parameters were kept constant
(20°C, no light, soil moisture of 50% of WHCmax). The columns were provided
either with food at the top (1st), the middle (4th), the ground (6th) or at all three
compartments simultaneously. The vertical distribution study will show that the
dispersal of F.candida within a soil column is influenced by the location and
availability of food. The study will give insights not only about the population
dispersal in relation to food as a single stressor, but also on the population
composition. This data will be incorporated into the movement submodel and
simulation results of the vertical dispersal of collembolans will be presented. A case
study will be used to elucidate the importance of the vertical dispersal of non-target
arthropods in effect assessment.
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A practical application of an individual-based stickleback model in the ERA of
PPPs

K. Mintram, University of Exeter / Biosciences; C. Tyler, University of Exeter /
Biosciences College of Life and Environmental Sciences; S.K. Maynard,
AstraZeneca / Safety Health and the Environment; A. Brown, Exeter University /
Biosciences; C. Liu, Syngenta / Environmental Safety; S. Parker, Cefas Weymouth
Laboratory; P. Thorbek, Syngenta / Environmetal Safety

Population models are employed in the environmental risk assessment (ERA) of
chemicals, including plant protection products (PPPs), to extrapolate from
individual-level effects to predictions of effects on whole populations.
Individual-based models (IBMs) allow for the incorporation of individual
variability, population-level interactions, and specific behaviours. IBMs can
therefore be used to extrapolate from a large number of individual-level endpoints
and simulate potential effects on populations under realistic environmental
conditions. We present an IBM of the three-spined stickleback (Gasterosteous
aculeatus) developed for the purpose of predicting population-level effects for
exposure to chemicals. The IBM was developed from a series of sub-models
parameterised from empirical data obtained from the published literature. Modelled
population dynamics (e.g. size/ age class distributions and annual fluctuations in
population abundance) emerge from the adaptive traits, behaviours and interactions
between individuals and their environment (including toxicant exposure). Here, we
describe the development and validation of a stickleback IBM and demonstrate its
practical application in ERA. Empirical data quantifying the reproductive effects
and subsequent recovery, following exposure to a fungicide, were input into the
IBM as a sub-model. Various exposure and recovery scenarios were simulated to
predict population-level effects over time. The modelled outputs demonstrated that
exposure duration and individual recovery post-exposure can influence the overall
effects of chemical exposure on population abundance. We suggest that using IBMs
to incorporate realistic exposure and recovery scenarios may improve current ERA
and result in more realistic protection standards for wild populations.
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Using the Bayesian network relative risk model to integrate molecular effects,
ecological context and ecosytem services to estimate risk over space and time
W.G. Landis, Western Washington University / Institute of Environmental
Toxicology; J.D. Stark, Washington State University / Dept of Entomology; K. von
Stackelberg, NEK Associates LTD / Department of Environmental Health; C.
Mitchell, Washington State University / School of the Environment; V. Chu,
Western Washington University / Environmental Science; M. Harris, Whatcom
Conservation District / Institute of Environmental Toxicology; L. Wallis, Western
Washington University / Institute of Environmental Toxicology

An ongoing dilemma in risk assessment is the perceived difficulty in successfully
integrating scales that range from the molecular to ecological, timeframes from
days to decades, and endpoints that can be species specific to a host of ecosystem

22

services. Starting In the late 2000s to now there has been an interest in defining
ecosystem services and in the calculation of risk to these properties. It has been
suggested that ecosystem services are a method to encourage a systems approach to
sustainability. Human well-being has become part of the lexicon to included
endpoints such as a sense of place, education, employment, public safety and
traditional activities. In a recent publication (Harris et al. 2017) it was demonstrated
that it is possible to estimate risk in a contaminated site to ecological endpoints,
human health and ecosystem services using a clearly defined causal pathways and
Bayesian networks. Now we are extending the integration of ecological endpoints,
ecosystem services and human well-being from the scale of a contaminated site to
that of the Salish Sea. The Salish Sea is a term applied to both the Puget Sound and
its watersheds in the United States and the Straits of Georgia in Canada. VVancouver,
Seattle, Tacoma, major ports, numerous refineries, paper mills, and high tech
industries. The same area is also noted for intense agricultural use, outdoor
recreation and the harvest of marine resources. The region is also home to more
than 30 recognized Tribes in the U. S. segment and First Nations in Canada. We
will use three watersheds in this region, the Skagit, the Nooksack and the Cedar as
case studies. Time frames will be from current conditions to 2070 and will include
climate change projections for water temperature and precipitation. We will
demonstrate the application of the Bayesian-network relative risk model to
integrate pesticide effects at the molecular level and the alteration of watersheds to
calculate risk to the ecological endpoint Chinook Salmon, the specific economic
ecosystem services provide by the endpoint and the watersheds, and finally
demonstrate the risks to human well-being as defined from a variety of cultural
perspectives.

The environment as a reactor determining fate and toxicity of
nanomaterials (ll)
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Mobilisation of silver sulphide nanoparticles in soil column by earthworms”
bioturbation

M. Baccaro, Wageningen University / Toxicology Department; H.H. van den Berg,
Wageningen University / Dept of Toxicology; D. Hermans, L. Sloot, Wageningen
University and Research; N. van den Brink, Wageningen University / Dept of
Toxicology

Ag2S-NP is the main product of transformation of Ag-NP in the waste water
treatment plant (WWTP). In many European countries, sewage sludge containing
Ag2S-NPs is applied on the surface of the soils as soil amendments. Earthworms
are important ecological engineers in the soil ecosystem, which, on one hand, may
be affected by Ag released from the amendments and, on the other hand, may
influence the distribution of metals. Therefore, the aim of this study was to
determine effects of Ag2S-NP application on an important earthworm driven
process, i.e. bioturbation and the effect of the earthworm activity on the vertical
distribution of Ag2S-NP in the top soil. Their interplay was assessed in two
experiments, in presence or absence of artificial rain fall. Around 2 cm of soil
treated with 10 mg Ag Kg-1 dry weight soil of Ag2S-NP (28.0+20.4 nm) was
applied on top of natural soil columns (10 cm) mimicking an application of 200 Mg
sludge ha-1 dry weight. For the first experiment, columns were prepared with and
without Lumbricus rubellus and with and without Ag2S-NPs. Every week for 28
days earthworms and four different layers of the soil columns (0-2, 2-4, 6-8, 10-12
cm depth) were sampled. In the same way a second experiment was performed with
daily application of 2 mm of artificial rain water, allowing collection of leakage
samples from the bottom of the columns. Total Ag content was measured in all
samples by ICP-MS following acid digestion and nano-Ag in leakage samples by
spICP-MS. Results of the first experiment show that mobility of Ag along the soil
column is significantly higher in the columns with earthworms overtime. Ag
reached the bottom layer of the columns where worms were present while no Ag
was found at the bottom layer of the column without worms. This indicates that
earthworms do not avoid the contaminated top layer. Ag content in earthworms was
relatively constant overtime with an average value of 1.06+0.32 mg Ag kg-1 dry
weight. The first study shows that uptake of Ag2S-NPs in earthworms occurred
regardless of the partial exposure and points towards the crucial role of earthworm
bioturbation in the mobilisation of metal nanoparticles in the top soil. The second
experiment of the study is currently being performed, results will be presented at the
meeting.
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Short- and long-term approaches to determine the fate of silver nanoparticles
in soil

M. Hoppe, BGR / Groundwater and Soil; D. Riickamp, E. Wargenau, A. Lamparter,
C. Stange, S. Kaufhold, German Federal Institute for Geosciences and Natural
Resources; E. Fries, Federal Institute for Geosciences and Natural Resources; P.
Koniger, German Federal Institute for Geosciences and Natural Resources; K.
Schlich, Fraunhofer IME - Institute for Molecular Biology and Applied Ecology; K.
Hund-Rinke, Fraunhofer IME / Department of Ecotoxicology; M. Kraas,
Fraunhofer IME - Institute for Molecular Biology and Applied Ecology /
Ecotoxicology; R. Mikutta, Leibniz Universitat Hannover; J. Utermann, Federal
Environment Agency; G. Guggenberger, Leibniz Universitdt Hannover
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Engineered silver nanoparticles (Ag ENP) are present in many consumer products.
Hence, the ENP enter into sewers and wastewater treatment plants with a high
predicted removal into the sludge. If the sludge is applied to agricultural soils,
decompostation might result in resuspension of the ENP. The fate and impact of Ag
ENP in soils is still unclear. Short- and long-term column remobilization
experiments with disturbed soils, short-term column percolation experiments with
undisturbed soils, and long-term field lysimeter experiments were conducted. All
experiments were performed with sterically stabilized Ag ENP (AgNM-300k), and
a slightly loamy Cambisol (RefeSol 01A). Additionally, a medium clayey silt
(Luvisol) was used for the column experiments. The column remobilization of the
Ag concentration after digestion (Agit) Was on a very low level in all percolation
steps in both soils. The first percolation step after three days of the Cambisol
incubation showed the highest remobilization of Ag which was below 1 % of the
Adiota CONcentrations in the soil columns. The correlation between remobilized
Adiotal and Alera CONCeNtrations suggests that the remobilized amount of Ag was
associated to soil colloids. The breakthrough of Ag ENP in the column percolation
experiments was high but incomplete in the Cambisol and the Luvisol.
Particularly, columns with preferential flow pathways showed low Ag ENP
retention. In the unsaturated experiments, a nearly complete retention was found for
the Luvisol that showed a clearly smaller pore size structure than the Cambisol. The
horizontal displacement of Agta in the lysimeter experiments was low and very
likely related to soil tillage as well as bioturbation. A low Aga release to the
percolate water (t= 480 d, control= 24 ng I, Lysimeter (7 mg kg) = 56 ng I, DIN
38402-11) was obtained for the lysimeter with the highest Ag ENP application.
This lysimeter induced a steady inhibition of the soil microflora that was not
detected in the lysimeter with the lower Ag ENP concentration.All roots (wheat,
canola, barley) showed a low uptake of Agi.. All approaches showed a more or
less high retention of Ag ENP in soils why soils are a sink for Ag ENP. However,
the demobilization in the lysimeter was incomplete because of root uptake and
inhibition of the soil microflora. Thus, the impact of a repeated sludge application
to the soil microorganism and the root uptake (e.g. beet) needs further long-term
investigations.
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Determination of attachment efficiency (a) for ENPs in different types of soils
by saturated column experiments

K. Norrfors, SLU Uppsala/ Soil and environment; G. Cornelis, Swedish University
of Agricultural Sciences / Soil and environment

The attachment efficiency (o) has been suggested as the most appropriate fate
descriptor for transport of engineered nanoparticles (ENPSs) in soils and saturated
column experiments as the most accurate method to obtain o. Due to the complexity
of the soil composition and texture, a small change in performance of the column
protocol may affect the resulting attachment efficiency obtained from the results.
The aim of this work is to study the effect of soil composition, flow velocity, initial
ENP concentration and the size of ENPs on the calculated attachment efficiency for
the specific ENP-soil systems. The a values for nominally 20 and 80 nm citrate
coated gold ENPs (Au ENPs), as well as 30 nm sulphonated silver ENPs (Ag,S
ENPs) were determined from saturated packed column experiments in different
soils sampled in the UK. Artificial rainwater was used as the eluent. 10 mM NaNO;
was used as a concervative tracer to estimate the effective porosity and dispersivity.
All columns were packed with an excess of rainwater to limit the amount of air
present in the saturated soil. o was either calculated from breakthrough curves of
Au/Ag or from the irreversible attachment rate modelled using Hydrus 1D or the
relative mass recovery of the ENPs in the break through curves. Preliminary results
show no significant differences in a values for 80 nm and 20 nm Au ENPs.
However, the Au ENP breakthrough curves appeared dependent on the flow rate.
Even though the shape of the break through curves changes with flow rate, this can
be compensated during modeling arriving at consistent o values between the
systems with varying flow rates. Furthermore, presence of air in the column affects
the distribution of ENPs in the packed columns. Finally, an increase in initial ENP
concentration give higher a values and cannot be accounted for in the equations
used for estimating the attachment efficiency. In conclusion, when varying the
initial ENPs concentration into the columns, the o value is significantly affected.
Hence, low NP concentrations need to be used in the column experiments to
maximize reproducibility of calculated a values. Moreover, inclusion of air in the
systems appears to induce artefacts that complicate determination of o for specific
NP-soil combinations.
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The transformation of copper and zinc (-nanoparticles) during sewage sludge
combustion

J.J. Wielinski, ETH Zirich/Eawag / Process Engineering; A. Gogos, Eawag, Swiss
Federal Institute of Aquatic Science and Technology / Process Engineering,
Particle Lab; A. Voegelin, Eawag Swiss federal Institute of Aquatic Science and
Technology; E. Morgenroth, Eawag Swiss federal Institute of Aquatic Science
and Technology / Process Engineering; R. Kaegi, Eawag - Swiss federal Institute of
Aquatic Science and Technology

Engineered nanoparticles in wastewater streams are effectively retained by
wastewater treatment plants and accumulate in sewage sludge. Digested sludge is
subsequently combusted for further volume reduction to allow for phosphorous
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recovery at a later stage. This study focuses on two metals Cu and Zn, as both are
present in digested sludge but are also used as nanomaterials. We investigated (i)
the transformation of ZnO and CuO-NP during anaerobic digestion, (ii) the
subsequent transformation of Cu and Zn during sewage sludge combustion, and (iii)
whether the form of Cu and Zn affects the fate during anaerobic digestion and
combustion. We spiked CuO-NP, ZnO-NP, Cu? and Zn?" to four aliquots of
digested sewage sludge and kept them under anaerobic and mesophilic conditions
for 24h. One aliquot was kept as control. Thereafter, sludge was combusted in a
pilot fluidized bed reactor and ashes were collected. Sludge and ashes were
prepared for Cu - and Zn K-edge X-ray absorption spectroscopy (XAS)
measurements. The speciation of the metals was obtained through linear
combination fitting (LCF) of X-ray absorption near edges spectra (XANES) and
extended X-ray absorption fine structure (EXAFS) data. LCF fits of experimental
XANES and EXAFS data suggest a high degree of sulfidation of both Cu and Zn
during anaerobic digestion, irrespective of the spiked form of Cu and Zn. For
control sludge and sludge spiked with Zn?*, LCF results from EXAFS data suggest
that ~90% of the Zn was present as sulphides, the remaining fraction was best
described by a ZnO reference spectrum. For sludge spiked with ZnO-NP, a lower
degree of sulfidation (~83% ZnS) with a concomitantly high fraction of ZnO (17%)
was calculated. After combustion, EXAFS spectra of Zn were best described by a
spectra of Zn that was co-precipitated with Ferrihydrite. All LCF fits of Cu in the
digested sludge indicated complete sulfidation of Cu. After combustion, LCF fits of
the experimental EXAFS spectra revealed the presence of ~30% Chalcopyrite,
indicating that Cu was not completely oxidised during the combustion. Comparable
fractions of CuO and CuSO, were returned from LCF analyses. All Cu spectra of
the sludge and the ashes were very comparable and independent of the added form
of Cu. For Zn, however, the addition of ZnO-NP resulted in a slightly lower degree
of sulfidation compared to the control sludge and to the sludge that was spiked with
dissolved Zn?*. All Zn spectra of the ashes were comparable.
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Soil ecotoxicity and dissolution of a marketed nanosilver product - a direct
comparison with ionic silver

J. Mertens, Precious Metals and Rhenium Consortium c/o EPMF; K. Arijs,
ARCHE; E. Smolders, Katholieke Universiteit Leuven; D. Leverett, wca; K. Oorts,
ARCHE

As part of the REACH Substance Evaluation for silver, new data was generated to
further justify read-across from ionic silver to silver nanoforms. Therefore, the soil
ecotoxicity and dissolution of ionic silver vs nanosilver were tested. The smallest
silver nanoform with the highest specific surface area registered under REACH was
used for testing (aqueous suspension containing approximately 37% nanoparticles,
spheroidal-like shape, mean primary particle size 9.4 nm). Silver nitrate was tested
as source of ionic silver. Soil nitrification was tested according to the
internationally standardised and accepted assay for testing toxicity to soil
microorganisms (OECD Test Guideline No. 216). Three soils were selected falling
within the P10-P90 interval of European agricultural soils for pH, organic carbon
content and cation exchange capacity. Total silver in soil, and total dissolved (0.45
um membrane filtered) and ‘truly’ dissolved silver (1 kDa centrifuge filtered) in
porewater were measured (ICP-MS). Toxicity of nanosilver on soil nitrification
was similar to or less than silver nitrate when expressed on the basis of total Ag in
soil. Total and truly dissolved Ag in porewater decreased over time after silver
nitrate spiking, suggesting ageing processes. Concentrations were always higher or
equal to corresponding values after nanosilver spiking. For nanosilver spiking, total
and truly dissolved Ag in porewater initially increased, suggesting dissolution
processes. From day 4-7 after spiking onwards, concentrations decreased over time
suggesting that ageing becomes more important than dissolution. Truly dissolved
Ag in porewater qualitatively explained observed toxicity of silver nitrate compared
to nanosilver. The data show that soil ecotoxicity data for ionic silver are
conservative for soil ecotoxicity of nanosilver.
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Tackling nanoparticle fate assessment in surface waters - heteroaggregation
as a key process

H. Walch, University of Vienna, Dep. of Environmental Geosciences /
Environmental Geosciences; A. Praetorius, F. von der Kammer, T. Hofmann,
University of Vienna / Department of Environmental Geosciences

The increasing use of engineered nanoparticles (ENPs) inevitably entails emissions
to the environment, raising calls for nano-specific environmental risk assessment
approaches and regulations. As surface waters are the major receiving
compartment, assessing risks requires understanding the aquatic fate of ENPs
which, unless soluble, is determined by aggregation, including homo- and
heteroaggregation with natural suspended particulate matter (SPM), or stabilisation
by natural organic matter (NOM). Due to the omnipresence and larger size of SPM,
heteroaggregation is much more likely than homoaggregation. However,
integration of this process into fate models and exposure assessment requrires
parametrisation and is still limited by the lack of simple, yet environmentally
relevant experimetal protocols. Such could be developed along the lines of the
recently adopted OECD testing guideline 318 on ENP dispersion stability, currently
accounting only for homoaggregation. The principles of homo- &
heteroaggregation are basically the same: the probability of particle attachment is

SETAC Europe 28th Annual Meeting Abstract Book



controlled by the intrinsic particle properties and modified by the hydrochemical
conditions (pH, electrolytes, NOM). Distinct from homoaggregation is the
complexity added to the system by SPM in the case of heteroaggregation. In this
contribution we therefore propose an approach to develop a heteroaggregation
testing protocol based on the OECD TG 318, with a focus on tackling SPM
analogue selection. The development of such a protocol requires (1) selecting SPM
analogues and hydrochemical conditions complex enough to represent relevant
environmental characteristics, and simple enough for routine testing, (2) an
easy-to-handle experimental setup to estimate a heteroaggregation parameter, and
(3) an accurate experimental method to validate the latter. Point (1) requires
informed simplifications based on a profound understanding of the system.
Relevant hydrochemical testing conditions have been established for
homoaggregation in the OECD TG 318 and will also apply for heteroaggregation.
However, suitable analogues for natural SPM still need to be selected. We therefore
reviewed literature for typical compositions of riverine SPM and carried out
screening tests aiming at the creation of complex analogues representing relevant
characteristics. Comparisons with simple SPM analogues revealed distinct
aggregation behaviour, indicating the importance of complex SPM analogues for
heteroaggregation.

Advances in environmental risk assessment of oil spills and
offshore oil & gas operations (ll)
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MC-252 biomarkers as indicators of oil exposure and pollutant concentration
in sediments of the northern Gulf of Mexico

L.M. Basirico, Louisiana State Univeristy; R.J. Portier, Louisiana State University /
Environmental Sciences

Different types of crude oil can be identified by the arrangement of constituents, or
their chemical fingerprint. In addition, chemical fingerprinting can be used to
associate contaminated sediments with specific spill events like the Deepwater
Horizon disaster of 2010. Mississippi Canyon-252 (MC-252) source oil, the type of
crude oil specific to the Deepwater Horizon event, has been fully characterized by
researchers at LSU, including pattern identification of the ion 217 and 218
hopane/sterane biomarker families. The presence of biomarkers in the sediments
allows for the identification of MC-252 crude oil intrusion into sampled areas, as
the arrangement of the ions delineates the source of the quantified PAHs. From
2012 to 2014, five inshore and three offshore transects representing the major
estuarine and shoaling regions of the Mississippi River delta were sampled to
measure sediment concentrations of polycyclic aromatic hydrocarbons (PAHs) and
MC-252 biomarkers. Pattern A, pattern B or NO pattern was assigned to each
sample based on a visual assessment of the chromatographic profiles. Additionally,
a main effects-model was implemented in order to determine the impact of
environmental variables, including the presence and pattern of MC-252 biomarkers,
on the sediment concentrations of ten PAHs and three toxicity indicators.
Ninety-three percent of all sampled sediments (N=1,032) did not contain MC-252
biomarkers. Of the sediment samples containing detectable crude oil biomarkers, 5
percent displayed pattern A and 2 percent, pattern B. Most of the samples
containing the families of biomarkers were located at the southern end of the
Barataria Bay transect, a region that experienced moderate to heavy oiling during
the Deepwater Horizon oil spill event. Additionally, MC-252 biomarkers did not
account for any of the variability in the concentrations of the measured pollutants
according to the main effects-model used in the current study. The lack of MC-252
biomarkers in the vast majority of the sampled sediments, indicated that the PAH
contamination in the current study was not from the Deepwater Horizon oil spill
event. There is need for better markers of the origination of PAHs in freshwater and
marine sediments. Furthermore, crude oil is not the only or even the best indicator
of potential toxicity of these sediments.
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Downregulation of hsp90 and increased intermoult duration in the blue crab,
Callinectes sapidus, in response to oil exposure

S. Chiasson, Loyola University / EEB; S.M. Giltz, C.M. Taylor, Tulane University
/ Ecology & Evolutionary Biology

The 2010 Deepwater Horizon (DWH) oil spill in the northern Gulf of Mexico
(NGOM) resulted in over 780 million liters of crude oil spilling into Gulf waters. In
an effort to disperse the oil, nearly 7.6 million liters of dispersant was applied.
Many commercially and recreationally important species reside in or near the area
of the spill. The blue crab, Callinectes sapidus, is common in the NGOM and is both
economically and ecologically important in this region. In this study, after exposing
juvenile blue crabs to oil or a mixture of oil and dispersant we tested for relative
expression of heat shock protein 90 (hsp90) by measuring the corresponding
MRNA expression. Expression of hsp90 is normally upregulated in response to
thermal or environmental stress, and it also plays an important role in the regulation
of estrogen dependent cell signaling. We also monitored crabs over two molts to
test for effects on growth after exposing crabs to oil. Expression of hsp90 was
significantly downregulated in juvenile crabs exposed to dispersed oil but not oil
alone. This suggests that dispersed oil interferes with either the pre-mRNA
transcription of hsp90 or potentially causes alternative splicing of pre-mRNA.

24

hsp90 expression in crabs exposed to oil alone was slightly elevated, although not
significantly. However, the intermoult duration of crabs exposed to oil increased,
meaning that exposure to oil results in delayed molting and therefore slower
growth.
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Physiological and molecular impacts of crude oil and/or
dispersant-contaminated seawater and sediments on the sponge Halichondria
panicea (phylum Porifera).

J. Vad, Heriot-Watt University / School of Energy, Geosciences, Infrastructure and
Society; J.M. Roberts, The University of Edinburgh / Grant Institute; T.B. Henry,
Heriot-Watt University / The School of Energy, Geoscience, Infrastructure and
Society

Sponges (phylum Porifera) are a diverse group of filter-feeder organisms present in
most aquatic environments. In the marine environment, sponges perform a wide
range of ecological functions including cycling of nutrients such as carbon, nitrogen
and silica; and, in areas where they are present at high densities (sponge grounds),
they provide a habitat for a diverse range of benthic organisms. Because of their
importance within marine ecosystems, the impacts of anthropogenic activities such
as hydrocarbon exploration and production on marine sponges must be assessed.
The objectives of this study were to:(1) determine the physiological impact of crude
oil and/or dispersant contaminated seawater and sediments in model sponge
Halichondria panicea; and (2) characterise the effects of crude oil and/or dispersant
contaminated seawater exposure on the transcriptome of H. panicea. A series of
48-h experiments were conducted to investigate effects of exposure to seawater or
sediments contaminated with Schiehallion crude oil and/or Slickgone NS dispersant
in H. panacea. Sponge respiration rate and filtration rate (by clearance rate) were
measured throughout exposures, and tissue samples were collected for evaluation
of the transcriptome. Throughout the exposure experiments, respiration rate
displayed a high inter-individual variability, consistent with scientific literature. A
decreasing trend in respiration rate was observed when sponges were exposed to
contaminated seawater or sediments. Filtration rate was significantly decreased in
sponges exposed to contaminated seawater or sediments, and filtration rate did not
recover for 48h after the end of the exposure to contaminated seawater. The
transcriptome has been sequenced and analysis is underway to detect changes in
gene expression patterns associated with treatments. Overall, results indicate that
sponges respond to short-term exposure to crude oil and/or dispersants by cessation
of their filtration behaviour. These initial results and our ongoing investigations will
contribute to better understand the sensitivity of marine sponges to oil production
activities.
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Advances in the effects of UV on oil toxicity in aquatic organisms

A.P. Roberts, K. Bridges, University of North Texas / Advanced Environmental
Research Institute; J. Morris, Abt Associates; B.J. Venables, University of North
Texas / Advanced Environmental Research Institute; M.O. Krasnec, Abt
Associates; M.L. Gielazyn, NOAA / co USEPA Region IV

Polycyclic aromatic hydrocarbons (PAHSs) a