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There is potential for silver nanoparticles (AgNPs) to be released into surface waters, where they may affect
aquatic organisms. However, agglomeration, dissolution, surface modifications and chemical speciation are
important processes that control the toxicity of AgNPs. Analytical methods are needed to determine the
concentration, size distribution, mass and form of AgNPs suspended in natural waters. During our field
studies in which we added AgNPs to mesocosms and to a whole lake ecosystem at the Experimental Lakes
Area in Canada, we used a variety of analytical techniques to determine the fate and distribution of AgNPs.
Cloud point extraction (CPE), single particle inductively coupled plasma mass spectrometry (spICP-MS) and
asymmetric flow field flow fractionation with on-line ICP-MS (AF4-ICP-MS) are analytical techniques that
we used for quantitative analysis of AgNPs in aquatic matrices at environmentally relevant concentrations.
In addition, we used a novel passive sampler, the Carbon Nanotube Integrative Sampler (CNIS) and diffusive
gradient in thin films (DGT) samplers to monitor the distribution of silver in surface waters. Each of these
techniques will be reviewed to highlight their strengths and weaknesses for studying the fate of AgNPs in
the aquatic environment.
Keywords - Nanosilver, analysis, ICP-MS, field flow fractionation, passive sampler
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Synthetic musks are semi-volatile cyclic organic chemicals used as fragrances. They are widely-used as
additives in personal care and household products. Here, we assess the occurrence and levels of synthetic
musk compounds in air from source (e.g. wastewater treatment plants) to receptor regions (e.g. Arctic and
the Great Lakes) in Canada. Air samples analyzed for musks include: i) Source: Wastewater Treatment
Plants (WWTP) in Ontario, during 2013 summer and 2014 winter (captured on sorbent impregnated PUFdisk passive samplers (PAS)) and 2017 summer and winter (collected with high-volume air samplers (hivols)
with glass fiber filters (GFF) and PUF-XAD sandwiches). Samplers were deployed “on-site” (i.e. above or
beside the aeration tank or the lagoon) and “off-site” (~100-150 m away from the facility). ii) Regional
receptor: Point Petre, a regionally-representative station on Lake Ontario (43°50’34"N, 77°09’13"W)
collected in 2010 using hivols with GFFs and PUFs. iii) Remote Receptor: Alert, a Canadian High Arctic
station (82°30’N, 62°20’W) collected in 2009 to 2010 using hivols with GFF and PUF/XAD sandwich. Eleven
musk compounds (cervolide, ethylene brassylate, cashmeran, musk M4, celestolide, galaxolide, phantolide,
16-hexadecanolide, tonalide, musk ketone and musk xylene) were detectable in the WWTP samples. Air
concentrations were higher in summer than winter reflecting greater volatilization during warmer months.
Much higher air concentrations were detected “on-site” than “off-site”. Statistically significant correlations
(p<0.05) were found between the total air concentrations of musks for the “on-site” samples and 3 WWTP
operational parameters (population served, hydraulic retention time and influent water flow). At Point
Petre, galaxolide and tonalide were detectable in the gas phase. At Alert, no synthetic musks were detected,
suggesting that synthetic musks are not subject to long-range atmospheric transport like persistent organic
pollutants.
Keywords - musks, wastewater treatment plants, Great Lakes, Arctic, passive and active air samplers
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Ny-Alesund, located on southern shore of Kongsfjorden, is one of only 4 permanent settlements on
Spitsbergen. As the dwellers use anthropogenic organic compounds, the generated sewage water is
considered a point source of contamination in Kongsfjorden. The aim of present study is to identify prior
micropollutants and quantify them in the effluent and the shoreline nearby using LC-HRMS. In summer
2016/2017, the effluent and seawater samples were collected and pretreated via solid phase extraction
method. The prepared samples were analyzed with QExactive+ Orbitrap after liquid-chromatographic
separation. The post data analysis was conducted via target/suspect/nontarget screening. As the results,
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about 30 micropollutants were tentatively identified even without relevant reference standards through
suspect/nontarget screening method. The identified substances were prioritized by scores determined with
occurrence frequency and peak area. Afterwards, reference standards for priority substances were
purchased for confirmation and quantitative analysis. The quantified priory substances include
pharmaceuticals (e.g., antipyrin, metoprolol, 2-acetamidophenol, acetaminophen, cetirizine, diclofenac,
naproxen), pesticides (e.g., icaridine, carbendazim, pyrimethanil), perfluorinated chemicals (e.g., PFOS,
PFOA, PFBs), and etc (e.g., caffeine, tributyl phosphate). The concentration range was 4.4 ~ 270,000 ng/L in
effluent and 1.2 ~ 270 ng/L in the receiving seawater, specifying the effluent as a point source for most of
micropollutants in Kongsfjorden.
Keywords - Ny-Alesund, target/suspect/nontarget screening, high resolution mass spectrometry, Orbitrap,
micropollutant
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The Arctic, which is far away from industrial areas and farmland, is a place that should be relatively safe
from environmental pollution. However, some contaminants can reach the Arctic environment by longrange atmospheric transport (LRAT) through the atmosphere at low latitude. Currently, tens of thousands
of chemicals are on the market, and new substances are increasingly being produced and developed. In
order to effectively manage the pollutants, the scientific prioritization method is necessary for emerging
contaminants. In this study, we developed the occurrence-based screening method for prioritization on
emerging contaminants in the Arctic environment, using non-target screening analysis with time-of-flight
instrument. Seawater, sediment, and soil samples were collected from Ny-Ålesund, Svalbard. Target and
non-target analysis were performed to identify known and unknown chemicals in multi-media matrices.
Mass spectrum of each compound from the deconvoluted ion chromatogram was used to identify the
non-target compounds using the NIST library. The predominantly identified compounds were aromatic
hydrocarbons, polychlorinated biphenyls, and several chemical groups such as siloxanes, phthalates,
musks, and phosphate flame retardants, implying priority pollutants in Arctic environments. Our approach
proposed in the present study can be effectively utilized as a scientific-based decision procedure for
prioritization on emerging pollutants in the Arctic region.
Keywords - Non-target screening; Time-of-flight; Emerging contaminant; Flame retardants; Mass
spectrum
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from Bjørnøya via different chromatography and ionization approaches
Malcolm J. Reid1, Saer Samanipour1 Jose Antonio Baz-Lomba, Katharina B. Løken1,
Merete Grung1, Amanda Poste1, Ian Allan1, Anita Evenset2, Guttorm Christensen2 and
Elisabeth Lie1
1 Norwegian
2 Akvaplan

Institute for Water Research (NIVA), Oslo, Norway, Email: malcolm.reid@niva.no
NIVA AS, Tromsø, Norway

Exploring the chemical space of a complex environmental sample is a challenging task, where the
chemical space is defined as all the chemical constituents in that sample. Without a clear knowledge of
the chemical space, the comprehensive chemical characterization of a complex sample is impossible.
Moreover, when analyzing a complex sample only a sub-region of the total chemical space is explored due
to limitations imposed by the extraction method, chromatography approach and ionization source. Here
we report on application of a non-targeted approach for exploring the chemical space of biota samples
from a remote island south of Svalbard archipelago (Bjørnøya). The fish samples represent both different
trends of pollution levels (contaminated vs. non-contaminated) as well as time trend (samples from 1998
and 2015). The samples were extracted using a generic wide scope method with limited cleanup applied.
Finally, the samples were analyzed via LC-HRMS as well as SFC-HRMS in both positive and negative
ionization mode. We evaluated the effect of chromatographic method (i.e. normal phase vs the reverse
phase) as well as the ionization mode (i.e. positive vs negative) on the distribution of the detected
precursor ions in the samples. We employed a non-targeted approach for this evaluation. In other words,
the effect of the analysis method on every single MS1 precursor ions in the samples was examined. For
each sample a distribution of MS1 precursor ions was generated. These distributions enabled the better
understanding of the explored chemical space via each analysis method. Additionally, through these
distributions we were able to single out the precursor ions that were specific to an analysis method.
Finally, elemental formulas were predicted for those precursor ions and results were further discussed.
Keywords - Non-target; Chemical space; HRMS; LC; SFC; Bjørnøya.
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Treated wastewater (TWW) and biosolids introduce pharmaceutical compounds (PhCs) into the
agroecosystem. Once in the field, several processes can affect their fate, among them are physical,
biological and chemical processes leading to degradation, transformation or preservation within the soil
environment. PhCs may also be taken-up by plants and be introduced into the food-chain. In this study,
tomato, wheat, and lettuce were grown in lysimeters containing three soils. Crops were grown in soils
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amended with/without biosolids and irrigated with TWW or fresh water. At the end of the growing season,
plant and soils samples were taken and analyzed for different PhCs and metabolites.
Of the studied PhCs, carbamazepine was the only compound detected in both TWW and biosolids and in all
plant parts. In plants grown in soils irrigated with TWW, concentrations were higher as compared to plants
grown in the same soils amended with biosolids. This was not surprising since the amount of carbamazepine
introduced to the soil via TWW was significantly higher than with biosolids. Calculated bioconcentration
factors (C in plant / C in soil) were significantly lower for biosolids application as compared to TWW
irrigation, probably due to an increase in the adsorptive properties of the amended soils. As for the
combined application (TWW irrigation and biosolids application) a decrease in the bioavailability was
observed in the last growing season, probably as a result of decomposition of the biosolids in the soil. In
addition to carbamazepine, its metabolites were detected in notable concentrations in the different plant
parts.
In this study, biosolids and TWW were used as sources for PhCs for plants grown under field conditions. It
was found that while TWW is source for PhCs, biosolids can act as both sink and source. In addition, we
have shown the importance of in-plant metabolism of the total uptake.
Keywords - bioaccumulation; translocation; irrigation; sludge; metabolites; sorption.
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In July 2015, pyrazole was detected in high concentrations (up to 100 μg/L) in the Dutch river Meuse. It was
found that many remediation techniques were not effective for pyrazole removal. However, full-scale data
of different water utilities showed that biological processes (such as granular activated carbon and dual
media filters) were capable of effectively removing pyrazole. This study investigated the possibility to
inoculate a non-pyrazole removing filter with material from a filter that showed high removal (>90%) both
on laboratory and pilot-scale. A laboratory-scale column was filled with 50% material (sand) from a dual
media filter that showed high pyrazole removal (>90%) and 50% material (sand) from a dual media filter
that showed negligible pyrazole removal (<20%). Pyrazole was dosed in a concentration of 50 µg/L. Removal
in this filter was comparable to the high removing full-scale filter after approximately 4 days. The pilot-scale
experiment was set up in a similar manner, except that a lower pyrazole concentration was dosed (5 µg/L)
and the experimental period was longer. The lower dosing concentration resulted in less removal (<10%).
However, guanylurea and metformine showed an increase in removal over time (guanylurea: from 5%
removal after 399 bed volumes (BV) to around 50% after 8800 BV; metformine: from no removal after 399
BV to 90% removal after 8800 BV). These results suggest that indeed it may be possible for drinking water
companies to inoculate a filter with material from a better performing filter in order to improve the removal
in the first filter. This is an important finding since it may be a relatively simple and cheap solution to
improve the purification process. Thus long time closing of source water intake, in case a certain organic
micropollutant is (temporarily) present, may be prevented.
Keywords - pyrazole; sorption; biodegradation; dual layer filter; rapid sand filter
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Technology for carbon capture is, according to the Intergovernmental panel on climate change (IPCC),
allocated to contribute with as much as 13% of the cumulative CO2 emission reduction needed to limit
global warming to 2 °C by the year of 2100. Currently, the most feasible way of capturing CO2 is using amines
on post-combustion flue gases. However, concern is raised since potentially carcinogenic nitramines can
form from the amines escaping the capture plant. The nitramines will be directly introduced to the
environment following atmospheric formation from the volatile amines. A through risk assessment is
lacking.
This study aims at contributing to the risk assessment by investigating processes governing the fate of these
emerging pollutants in the terrestrial and aquatic compartments. Focus has been on the soil sorption
potential of the nitramines and on bacterial response from nitramine exposure. Moreover, to accomplish
this, an analytical method for determining nitramines in various environmental matrices using LC-MS/MS
was developed. Three of the nitramines likely to form from the benchmark amine solvent
(monoethanolamine) were included: monoethanol (MEA)-nitramine, monomethyl (MMA)-nitramine, and
dimethyl (DMA)-nitramine.
Soil sorption was for MEA- and DMA-nitramines found to be related to the content and quality of organic
matter in the soil. Environmental bacteria showed ambiguous response towards the nitramines: Toxic
response was exerted by a natural lake-water community, while potential weak biodegradation was
detected in a pure culture of the environmentally relevant Pseudomonas fluroescence.
Soil sorption parameter values here presented can be used to model the final fate and exposure levels of
the nitramines in the environment following years of operation of a CO2 capture plant. Environmental
bacteria seem to play a role in the fate and effect of the nitramines. Finally, the LC-MS/MS method serves
as a platform for future measurements of multiple nitramines at relevant levels in environmental matrices.

Monitoring and Modelling Pharmaceutical Exposure in European Surface
Waters
Laura Carter1, John Wilkinson1, Rik Oldenkamp1,2 Alistair Boxall 1
Environment Department, University of York, York, UK, laura.carter@york.ac.uk
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Pharmaceuticals are ubiquitous environmental contaminants with concentrations in surface waters
reported in the ng/L to μg/L range. While a large body of data is now available on the concentrations of
pharmaceuticals in river systems around the world, for many compounds and regions we have limited or
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no data. Exposure modelling provides a potential approach to fill these data gaps. Therefore, here we
present a study to evaluate a new spatial exposure modelling system for estimating concentrations of
pharmaceuticals in rivers across Europe.
A monitoring campaign was performed on rivers in the UK (in York, Barnsley and Durham), Germany
(Dulmen), Denmark (Odense) and Spain (Santiago de Compostela). Samples were collected from different
locations in each study area and analysed for 40 pharmaceuticals, from different classes, using HPLCMS/MS. Limits of detection ranged from 0.9 ng/L (carbamazepine) to 12.4 ng/L (gabapentin) and were
achieved by direct injection of 100 μL river water. The top 10 pharmaceuticals detected at the highest mean
concentrations were: metformin, gabapentin, atenolol, carbamazepine, tramadol, desvenlafaxine,
fexofenadine, sitagliptin, paracetamol and erythromycin.
Monitored concentrations were compared with predictions from the spatial exposure model for each site.
A strong correlation was observed between the measured concentrations and predictions. Predicted
concentrations were generally within one order of magnitude from their measured concentrations. The
model should therefore be invaluable on the future for use in prioritization exercises and risk assessment
of pharmaceuticals compounds.
This work has received support from the EU/EFPIA Innovative Medicines Initiative Joint Undertaking (iPiE
grant n° 115735).
Keywords - monitoring; surface water; exposure modeling; pharmaceutical; wastewater treatment;
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Fresh water scarcity has led to increased use of treated wastewater as an alternative source for crop
irrigation. Concerns have been raised regarding pharmaceutical exposure via treated wastewater. Our aim
was to assess whether carbamazepine, an anticonvulsant drug highly persistent in wastewater, is present
in commercially available treated wastewater-irrigated produce, and whether human exposure to
carbamazepine occurs via ingestion of this produce.
We recruited 34 volunteers aged 18-63 years (20 women and 14 men) to a single blind crossover trial. Group
I (n=22) was randomized to receive treated wastewater-produce followed by fresh water-irrigated produce;
Group II (n=12) received fresh water irrigated-produce followed by supermarket-purchased produce. Each
exposure period lasted one week. During the trial, subjects filled food frequency questionnaires and
provided urine samples. Carbamazepine and metabolite levels were measured in produce and human urine,
following development of a novel method to extract and measure metabolites in urine matrix. We assessed
the proportion of individuals with urinary levels above the LOD or LOQ and area under the curve over the
study period.
Treated wastewater-irrigated produce exhibited substantially higher carbamazepine levels than fresh
water-irrigated produce. At baseline, urinary carbamazepine was undetectable in 13, between LOD and
LOQ in 12, and >LOQ in 9 subjects. Following seven days of consuming treated wastewater irrigatedproduce all Group I members exhibited quantifiable levels of carbamazepine, while in Group II the
distribution remained unchanged from baseline (between group P<0.001). Area under the curve of
carbamazepine excretion was markedly higher in Group I versus II (P<0.0001). Urine levels return to
baseline following the exposure periods.
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This study demonstrates "proof of concept" that human exposure to pharmaceuticals occurs through
ingestion of commercially available treated wastewater-irrigated produce, providing data which could
guide policy and risk assessments.
Keywords – Treated wastewater; Irrigation; Human Exposure; Carbamazepine; Produce; Pharmaceuticals
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Sedimentation ponds receiving highway runoff are shown to accumulate several groups of contaminants,
most importantly polyaromatic hydrocarbons (PAHs) and metals. Additionally, urban markers such as
polybrominated diphenyl ethers (PBDE), benzothiazoles (BT) and organophosphate compounds (OPC) have
shown to be presenti. The present investigation aimed at determining the levels of organic contaminant
groups in aquatic matrices in sedimentation ponds and determine the potential for bioaccumulation. PAHs,
including alkylated PAHs, BDE; OPC and BT were determined in water, sediment, plants, dragonfly larvae
and fish from sedimentation ponds and reference sites.
The results showed the presence of all compound groups in one or more of the matrices investigated. The
presence of BDEs and the urban markers OPCs and BTs show that road runoff is a sink for several
contaminants, and thereby constitute a point source of environmental interest. PAHs were detected in
levels of 2 -3 µg/g in sediment from sedimentation ponds, while levels in reference sediment was much
lower. The levels of alkylated PAHs were up to 20 µg/kg in sediment from sedimentation ponds, but below
detection limits in reference sediment. BDE47 is known to biomagnify with trophic level, and our results
support that. However, only a limited number of species were investigated in this study. All OPCs
investigated were detected in water, fewer in sediments and organisms. One OPC and two BTs were
detected in fish, and only in fish from sedimentation pond.
The analyses of PAHs show the importance of investigating alkylated PAHs. Degradation of alkylated PAHs
can be slower than regular PAHs, thereby prolonging exposure to this hazardous compound group. Of the
compound groups investigated, our results support only BDEs to biomagnify. PAHs were bioaccumulated in
biota, but are likely to be metabolised and excreted by fish and higher vertebrates.
Sedimentation ponds; PAHs, PBDEs, organophosphate compounds, benzothiazoles, bioaccumulation
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Nowadays, the presence of pharmaceuticals in the aquatic environment is well-documented, being the
often-inefficient treatments applied in sewage treatment plants (STPs) the major contributor for this fact.
Due to their continuous input into the aquatic environment and persistence, these compounds pose a longterm risk to aquatic organisms. Therefore, removal of pharmaceuticals at STPs before final release into
receiving waters is utterly imperative. On the other hand, the disposal of sludge resulting from pulp and
paper production, usually by landfilling or incineration, constitutes a serious environmental problem and,
in parallel, the implementation of the circular economy paradigm is being increasingly encouraged. Thus,
the conversion of pulp and paper mill sludge into carbon-based adsorbents to be used for the remediation
of water contaminated with pharmaceutical pollutants represents a sustainable, efficient and cost-effective
option.
In this work, primary sludge from a paper industry was used as precursor to produce an alternative activated
carbon (AAC), by chemical activation (using KOH in a 1:1 (w/w) precursor:KOH ratio), followed by pyrolysis
(800 ºC, 150 min of residence time, N2 atmosphere) and a washing step (with HCl). The AAC was used for
the removal of pharmaceuticals – carbamazepine (CBZ), sulfamethoxazole (SMX), and paroxetine (PAR) –
and compared to a high-performance commercial AC (CAC). Adsorption from two different aqueous
matrices – ultrapure water and STP effluent – was studied under batch operation mode. Both carbons
presented fast kinetics in both matrices. AAC presented higher maximum adsorption capacities than CAC
for all the pharmaceuticals tested in ultrapure water, and a comparable or higher performance than the
CAC, for CBZ and PAR, respectively, in STP effluent. Overall, it may be concluded that the produced
adsorbent represents an interesting alternative to industrial sludge disposal and to the use of commercial
carbons, with high potential to be applied in a tertiary step in STPs.
Keywords - pharmaceuticals; Water treatment; Wastewater; Paper mill sludge; Activated carbons; Circular
economy.
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A wide range of pharmaceuticals detected in treated wastewater are introduced into the agricultural
environment. Thus, their uptake and metabolism by plants are of increasing concern. The research aimed
to examine the uptake of compounds exposed individually or as mixtures. Tomato and cucumber plants
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were grown in hydroponic solutions. Following 3 weeks of growth plants were exposed to individual and
mixtures of benzodiazepines along with carbamazepine and other antiepileptic drugs.
Following 2-8 hours of exposure, plants were decapitated and connected to a pressurized suction based
xylem sap collecting system. The xylem sap was analyzed along with the nutrient solution to normalize
results along the Transpiration Steam Concentration Factor (TSCF).
There was no significant effect on the TSCF for the benzodiazepam when exposed individual or as a mixture.
However, the exposure of the compounds as a mixture with carbamazepine resulted in a significant change.
The TSCF of Clobazam and Temazepam were reduced from 0.79±0.06 to 0.51±0.02 and from 0.75±0.02 to
0.43±0.03. There was also a significant increase in the TSCF for Aplrozolam and Diazepam. Nordiazepam
was not significantly affected. Similar experiments have examined the effect of Oxcarbamazepine, 10,11epoxycarbamazepine and 10,11-dihydroxycarbamazepine. Additional experiments examining diazepam
and carbamazepine individual versus mixed exposure demonstrate that the presence of carbamazepine
increases the xylem sap concentration of diazepam.
The results clearly indicate that plant uptake of pharmaceutical compounds is influenced by other
compounds within the solution. These results are relevant to both modeling and understanding the fate of
pharmaceutical compounds in plants as well as to past studies of xylem uptake whereas differences in
results may be due to mixture effects.
Keywords - Pharmaceuticals, plant uptake, benzodiazepam, carbamazepine, xylem, TSCF
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Unused or expired medicines from the hospital and household waste can ultimately end up in landfills or
be released to the wastewater system. Therefore, there is the potential for active pharmaceutical
ingredients (APIs), from a range of medicinal products, to be present in landfill leachate and sewage
effluents. Unused medicines may also be returned to the pharmacist and then be incinerated as hazardous
waste. In this project, a household survey was performed to understand the typical waste generation
patterns for medicines and the most disposal routes for these substances in the UK. The results show that
rubbish disposal (34%) is the common disposal methods by the UK residents with highest estimated
emission of APIs to the environment being estimated for paracetamol within the range 7.63 mg/person/day
(sewerage after sink and toilet disposal) to 76.52 mg/person/day (wastewater after excretion). Based on
the survey data, a life cycle assessment study was performed to assess the broader environmental impacts
of typical medicinal waste disposal management practices in the UK. The functional unit of this study was 1
tonne of pharmaceutical waste generated in the UK. Three scenarios and treatments explored: incineration
after returning back to the pharmacy; landfill treatment after rubbish disposal; and wastewater treatment
after toilet and sink disposal. For the life cycle inventory (LCI) phase, two types of databases were used in
the study: primary data from the survey study and secondary data from the ecoinvent database. Most of
the datasets used in this study are from the whole of Europe (RER) or the United Kingdom (GB). To carry
out the life cycle impact assessment (LCIA) phase, the method that has been considered are ILCD 1.0.8 2016
midpoint with APIs, and USEtox. Meanwhile, USEtox 2.0 was also used in this study to calculate
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characterisation factors for the APIs that were not commonly used in the previous study. Furthermore, the
impact categories that were considered for this study are climate change, ecosystem quality, human health
and resources. The study is still ongoing, and the results will be presented at the event.
Keywords - APIs, LCA, landfills, incineration, pharmaceutical

Modelling infiltration reactor experiments to investigate natural
attenuation of selected pharmaceuticals
Virtudes Martínez-Hernández1, Raffaella Meffe1, Claus Kohfahl2, Irene de Bustamante1,3
IMDEA Water Institute, Alcalá de Henares, Madrid, Spain, virtudes.martinez@imdea.org,
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2
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3
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Spain irene.bustamante@uah.es
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The growing pharmaceutical consumption and their incomplete removal in wastewater treatment plants
imply the occurrence of these compounds in natural water resources. To investigate the natural attenuation
of selected pharmaceuticals (caffeine, acetaminophen, sulfamethoxazole, naproxen and carbamazepine)
during vadose zone infiltration, infiltration reactors filled with a sandy-loamy soil were run under
unsaturated conditions using two input concentrations (100 and 1,000 μg L-1). The experimental system
reproduces as realistic as possible field site conditions by simulating an ideal continuum medium where the
water moves under field capacity gradients. The software Hydrus 1D, that numerically solves the Richards
equation for variably saturated water flow and advection-dispersion type equations for solute transport,
was used to simulate experimental data. Caffeine and acetaminophen were never detected in the effluents
of the reactors implying a low environmental concern whereas carbamazepine followed by naproxen and
sulfamethoxazole appear to be more persistent. The first order kinetics sorption implemented in the
transport model successfully simulates naproxen and carbamazepine breakthrough curves characterized by
an appreciable tailing. On the other hand, transport of sulfamethoxazole can be fully described using a nonlinear sorption equilibrium model. Fits of the breakthrough curves provide removal rate constants that
describe carbamazepine as the less labile contaminant if compared with naproxen and sulfamethoxazole.
A dependence of removal rates on input concentrations was detected for sulfamethoxazole (μw from 2.78
day-1 to 1.16 day-1) and naproxen (μw from 1.16 day-1 to 0.63 day-1) attributed mainly to the decreased
metabolism of microorganisms when a higher input concentration is applied. Two transformation products
(TPs) (N4-cetylsulfamethoxazole and epoxycarbamazepine) derived from sulfamethoxazole and
carbamazepine transformation, respectively, were detected during the experiment.
Keywords - Pharmaceuticals, transformation products, wastewater, infiltration reactors, reactive
transport modelling
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The fate of emerging organic contaminants during non-conventional
wastewater treatment with a vegetation filter and a potential
improvement of the system
Raffaella Meffe 1, Virtudes Martínez-Hernández 1, Ángel de Miguel 2, María Leal 3, Jorge
Hernández Martín 1, Ana de Santiago Martín 1, Isabel López-Heras 1, Covadonga Alonso
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1

The technical and economic limitations of small and scattered populations hamper the effective
implementation of conventional wastewater treatments. Nature-based wastewater purification systems
such as vegetation filters (VFs) have been reported as a feasible solution for these communities. In the last
years, the authors proved about the efficiency of VFs for removing traditional wastewater contaminants
(e.g. nutrients and organic matter). However, their capacity to attenuate emerging organic contaminants
(EOCs), commonly found in wastewater, has been very recently recognized. Indeed, this work represents
the first research reporting on the attenuation experienced by EOCs during wastewater treatment using
VFs. Investigated EOCs belong to different classes and include analgesics, stimulants, β-adrenergic blocker,
anticonvulsants, anti-depressants, anti-inflammatories, antibiotics and some transformation products. The
VFs are based on a short-rotation coppice of poplars and receive office building effluents that are pretreated in an Imhoff tank. The concentration of EOCs is monitored in the wastewater, in the water infiltrated
through the vadose zone and in the downgradient groundwater. Obtained results reveal a strong
attenuation for most of EOCs with removal percentages higher than 90%. However, a persistent behaviour
of some investigated contaminants was also observed. The amendment of soil with a readily-labile carbon
source has been shown by the authors as a feasible strategy to be integrated in these systems to limit the
leaching of nutrients. The enhanced sorption processes and the stimulated microbial activity provided by
the amendments may also impact the EOC transport. To investigate the potential improvement in the
attenuation of the most persistent EOCs, an experiment has been carried out by using infiltration reactors
filled with soil collected from the VFs and the carbonaceous material. The reactors were fed using a
synthetic wastewater solution (mimicking real wastewater). Effluent samples were periodically collected
and analyzed. Results demonstrate that soil amendments enhance significantly the EOC removal.
Keywords - Emerging organic contaminants, transformation products, vegetation filters, wastewater,
amendments
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Screening and Quantification of Emergent Pollutants at Low ppt Levels
using UHPLC/QTof Analysis
Peter Abrahamsson 1, Laszlo Työlgesi 2
Agilent Technologies, Gothenburg, Sweden, peter.abrahamsson@agilent.com; 2 Agilent Technologies,
Waldbronn, Germany, Laszlo_toelgyesi@agilent.com

1

Clean water is a pre-requisite for wildlife, humans, agriculture and for food manufacturing and processing.
Pollutants, as a result of anthropogenic activities, have a direct effect on water quality. Consequently,
several different water regulations have been put in place, both to monitor the presence of the regulated
compounds but also quantify them. A compounds class of particular interest is the so called PPCP´s, i.e.
pharmaceuticals and personal care products. To screen for such a large and diverse suite of compounds, it
requires non-discriminating sample preparation techniques and, ideally, universal detection techniques.
Liquid chromatography in combination with accurate mass high resolution mass spectrometry techniques
(LC-HRMSMS), has proven to be both universal, sensitive and offers excellent confirmation capabilities. In
addition, when using internal standards, it offers the possibility to quantify, even over a wide concentration
range (3-5 orders of magnitude).
In this work we have utilized a new accurate mass MS/MS library, the Agilent water screening PCDL,
containing some 1400 compounds for the analysis of contaminants in various types of water.
Samples were collected from 4 waste water treatment plants in central Europe. samples were prepared by
adjusting the pH value, addition of internal standard followed by a simple filtering through a glass filter.
Samples were injected directly on to an analytical column (Zorbax) and separated through a gradient
followed by detection on a 6550 LCQTof system (Agilent). Data was acquired in MS and MS/MS mode and
the results were evaluated using MassHunter software and the Agilent water screening PCDL library. The
results showed seasonal variation of various pesticides. For the pharmaceuticals, diclofenac showed an
even distribution over both seasons and various water treatment plants. The concentration levels were up
to above 1000ppt. The investigation highlighted the effectiveness of the waters screening solution based
on accurate mass MS/MS libraries.
Keywords - UHPLC; QTof; Emergent pollutants; accurate mass; MS/MS libraries

Monitoring microplastics in Norway: what we know and what we don’t
know so far
Amy Lusher 1, Rachel Hurley 1, Inger Lise Nerland Bråte 1, David P. Eidsvoll 1, Bjørnar
Beylich 1, Marianne Olsen 1, Bert van Bavel 1
1

Norwegian Institute of Water Research (NIVA), Oslo, Norway, amy.lusher@niva.no

Method development and standardization has been at the forefront of microplastics research. A lack of
standardized methods for sampling and analysis complicates the comparison between studies worldwide.
Developing methods to investigate the presence of microplastics in the freshwater environment began
slightly later than those for the marine environment; however, we are closer to standardized methods
having learnt from the challenges encountered in the marine realm. Research at NIVA has covered a broad
spectrum of environmental matrixes including drinking water, sewage systems, freshwater and marine
sediment, water and biota. Hence, methods have been developed for water, sediment and biota from
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freshwater and the marine environment. Here we present the highlights from our microplastic monitoring
around Norway.
Blue mussels, dissolved using potassium hydroxide (KOH), were used effectively to monitor the presence of
waterborne microplastic pollution along the Norwegian coast. An average of 1.5 particles per individual was
reported with highest levels of microplastics in the northern most stations in the Barents Sea. 75% of the
microplastics were fibres. Sediment samples from rivers and the marine environment also revealed the
presence of microplastics of different shapes, sizes and polymer from many locations around the coast.
Sludge from wastewater treatment plants across Norway were tested using methods developed specifically
designed to extract microplastics from substrates with high organic matter. Results reveled differences
between eight wastewater treatment plants (WWTPs). Plastics were found in all ten sludge samples
investigated from the eight WWTPs. The overall average plastic load was 6 077 particles kg-1 (d.w.) or 1 176
889 particles m-3. Particles from sludge consisted of beads (37.6 %), fragments (31.8 %) fibres (28.9 %) and
glitter (1.7 %). Polyethylene particles were the most common (30.5 %). NIVA will continue these monitoring
programs with an aim to understand the spatial and temporal changes in microplastic abundance.
Keywords - microplastics, plastic, contamination, polymer, sludge, Mussels

The sinking behavior of microplastic and their presence in various benthic
and coastal environments
Heidi Knutsen1, Øyvind Lilleeng2, Linn Merethe Brekke Olsen1, Sabnam Mahat,2 Dieter
Issler1, Erik Toorman3, and Hans Peter Arp 1,4
NGI, Oslo, Norway, hkn@ngi.no or hpa@ngi.no; 2 NMBU, Ås, Norway; 3KU Leuven, Heverlee,
Belgium; 4 NTNU, Trondheim, Norway
1

It has been estimated that there are orders of magnitude more microplastic on the sea floor than on the
sea surface; though there is relatively little quantitative data to verify this, nor is there a good understanding
of transport and weathering processes that can lead to microplastic accumulation in the sea bed. Here we
will present an overview of weathering and other processes that can lead to microplastic sinking, along with
a recently developed model to account for these processes on the sinking rate. This microplastic sinking
model, which is based on the drag coefficient and Reynold's number, is applicable to a wide variety of
microplastic geometries, densities and sea water properties. In addition, a novel, efficient method to
quantify microplastics in benthic sediments will be presented, along with surveying data of microplastic
abundance from unique environments, including the Norwegian continental shelf, the Oslo harbor, and the
coast of Havana.
Key words - microplastic, sediment, sedimentation, environmental distribution
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Microplastic dynamics in agricultural soil systems: first results from an
international project
Rachel Hurley 1, Luca Nizzetto 1
1

NIVA, Oslo, Norway, rachel.hurley@niva.no

Thus far, the majority of microplastic research has concentrated on the marine environment. Whilst the
ocean represents an ultimate sink for microplastic contamination, terrestrial microplastic sources and
dynamics are important components of the global microplastic budget. Wastewater treatment plants have
shown to be effective in trapping the majority (up to 99%) of microplastics. However, the captured particles
are concentrated in the sludge phase which is often applied to agricultural soils as a fertilizer. Hence, soils
in agricultural areas are expected to represent significant environmental reservoirs of microplastics. These
systems present several potential exposure pathways for microplastics and associated contaminants to
organisms and the human food chain, as well as potential transfer to the marine environment.
The Water JPI-funded IMPASSE project addresses significant gaps in our understanding of microplastic
contamination and release associated with agricultural systems. The project aims to establish the influence
of sewage sludge application on microplastic concentrations in soils, and the potential for runoff into
surface waters or accumulation into the soil profile. Testing has been conducted in catchments in Spain and
Canada. Preliminary results from the IMPASSE project are presented. Microplastic analysis was performed
on agricultural soils, associated runoff samples, and surface waters within the study catchments.
Microplastics were extracted following a rigorously-tested isolation procedure and were identified and
chemically characterised using visual analysis and FT-IR spectroscopy. These results contribute to
quantifications of fluxes and emissions of microplastics in agricultural systems.
Keywords - microplastics; soil; sludge; runoff; surface water

Closing the gap between small and smaller: Towards an analytical
protocol for the detection of Micro- and Nanoplastic in freshwater
systems
Patrick S. Bäuerlein1, Svenja Mintenig 1,2, Bart Koelmans3,4, Stefan Dekker2 and
Annemarie van Wezel1,2
KWR Watercycle Research Institute, Nieuwegein, The Netherlands, Patrick.bauerlein@kwrwater.nl
Copernicus Institute of Sustainable Development, Environmental Science Group, Utrecht University,
Utrecht, The Netherlands, 3 Wageningen Marine Research, IJmuiden, The Netherlands .4 Aquatic Ecology
and Water Quality Management Group, Wageningen University, The Netherlands.
1
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An increasing body of literature documents the widespread occurrence of microplastic in marine and
freshwater ecosystems. Thereby, most studies focus on sediment or surface water samples taken from
marine habitats. Studies addressing riverine transport are rare but start occurring more frequently since
land based sources are assumed causing most plastic litter.
So far sampling and identification protocols are not standardised, limiting the comparability of results. Most
studies rely on visual sorting/counting of microplastic. Further material identification is often done but
limited to a subset of particles. The resulting consequences are high error rates of up to 70%, a limitation
in size and polymer type characterisation. To overcome this, usability of several analytical techniques for
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the detection of microplastic is being researched. They range from Raman- or Fourier- transform infrared
(FTIR)- microscopy to Pyrolysis- and TDS-GC-MS.
Plastic in the environment is subjected to various degradation processes resulting in the formation of
smaller fragments. Apart from high amounts of fibers, these fragments are the pre-dominantly found form.
Recently, it was shown that fragmentation of polystyrene, polyethylene and polypropylene into nanoplastic
occurs. This shows the need for more advanced analytical methodologies determining small micro- and
nanoplastic. We provide a vision on first results of an analytical protocol, consistently covering the total
range of environmentally relevant plastic particles. Complete consideration from nano- to macroplastic is
achieved by combining several methods: While particles bigger than 500 μm are manually sorted and
analyzed (attenuated total reflectance-FTIR), smaller sample fractions are first enzymatically purified. Using
micro-FTIR, microplastic purified and enriched on a membrane filter is mapped. Thus, sizes, abundances
and types of microplastic (20-500 μm) are determined. The filtrates that contain particles in a range from a
few nanometers to 20 μm are fractionated according to size by applying Field-Flow-Fractionation (FFF).
Subsequently, TGA or Pyrolysis GC-MS is used to identify (nano)plastic in individual size fractions.
Keywords - microplastics, nanoplastics, FT-IR, TGA, mass spectrometry, surface water

Trophic transfer and impact of environmentally relevant nano-sized
Plastics
Tânia Gomes1, Amy Lusher1, Inger Lise N. Bråte1, Steven Brooks1, Ailbhe Macken1, David
Eidsvoll1, Malcolm Reid1, Anastasia Georgantzopoulou1
1

Norwegian Institute for Water Research (NIVA), Gaustadalléen 21, N--‐0349 Oslo, *tania.gomes@niva.no.

Every year, considerable amounts of plastics are produced and released into the environment, which will
potentially reach aquatic ecosystems and impact organisms. Plastics in the aquatic environment can
degrade into smaller particles due to mechanical, chemical and biological processes. Plastic particles <1
mmare designated microplastics, while those <100 nm are denominated as nanoplastics (NPLs).
Microplastics can be ingested and/or taken up by organisms and might cause adverse effects.
Nonetheless, the ecotoxicological impacts of NPLs are poorly understood. Due to their small size, NPLs
possess specific properties which can potentiate their toxicity towards aquatic organisms depending on
surface characteristics and interactions with the surrounding environment. Still, their presence and
behavior in the aquatic environment, as well as any toxic mechanisms are, to a large extent, unknown.
The main goal of this study is to assess the impact of environmentally relevant plastics at the nanoscale on
three key marine species, the algae Rhodomonas sp., the copepod Tisbe battagliai and the blue mussel
Mytilus edulis, in comparison to their microscale counterparts. NPLs used in exposure studies will be
chosen based on microplastics identified in Norwegian environmental samples. In this context, the uptake
and/or ingestion, accumulation and elimination of relevant NPLs will be investigated, as well as their
potential transfer along the aquatic food chain. In addition, the acute and sublethal ecotoxicological
effects of NPLs in comparison to their microscale counterparts will be determined at individual, cellular
and molecular levels using different biological endpoints. This study will provide a better understanding
on the differences in uptake, accumulation and biological responses between different sized plastics
identified in the Nordic environment, and consequently help unravel their potential hazardous effects in
marine organisms.
Keywords - Nanoplastics; Nordic environment; Trophic transfer; Bioaccumulation; Toxicity
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PFAS and Emerging Contaminants: Assessment and management by
regulators in Victoria, Australia
Jessica Drake1, Andrea Hinwood1, Laura-Lee Innes1, Paul Leahy1, Victor Kabay1 and
Robert Mckenzie1
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Although Australia has never manufactured PFAS, it has been identified in many segments of the Australian
environment. To better understand the issue, EPA Victoria undertook a PFAS stocktake and limited ambient
environment sampling program. EPA found that PFAS was present in varying concentrations in ecosystems,
landfills and wastewater. Concentrations for key PFAS included: a) soil - PFOS (<0.5-8.4µg/kg), PFOA (<0.5
– 0.56µg/kg), PFHxS (<0.5-0.82µg/kg); b) surface freshwater - PFOS (<0.0002-0.016µg/L), PFOA (0.0011 –
0.0287µg/L), PFHxS (<0.0002-0.022µg/L); c) fish and mussels had measurable concentrations of PFOS only.
High concentrations have also been found near a) point sources, and in b) biota. The Department of
Defence, Australia reported elevated concentrations of targeted PFAS (93µg/kg to 1410µg/kg PFOS +
PFHxS) in waterfowl from the Heart Morass wetland, Victoria. A risk assessment performed by the EPA
determined that consumption of the waterfowl would exceed the Australian interim Food Safety Standard
for PFOS. This resulted in EPA issuing precautionary advice not to consume waterfowl, fish and other biota
from the Heart Morass. Although we have some information on the nature and extent of PFAS in the
environment in Victoria, there is a lack of information on the scale of the issue and the implications of these
concentrations on human health and the environment.
A PFAS National Environmental Management Plan (NEMP) has been developed as a cross-jurisdictional
approach to managing risks from PFAS. The NEMP is an adaptive, risk and evidence based approach to
regulate PFAS. It includes threshold limits for environmental concentrations, landfill acceptance criteria,
monitoring, QA/QC approaches, containment and clean up and identifies research needs. The NEMP
considers jurisdictional differences, yet allows consistent management of risk across state borders. In
Victoria, an ambient and biota assessment program has commenced for prioritizing emerging
contaminants. The data from this program will be used to inform management, ongoing monitoring,
guideline formation, and regulatory reform.
Keywords - regulation; policy; adaptive; PFAS; chemicals of emerging concern; management; monitoring;
assessment

The InSitu Remediation of PFOA-Impacted Groundwater Using Injectable
Activated Carbon
Rick McGregor 1
1

InSitu Remediation Services Ltd., St George, Ontario, Canada, rickm@irsl.ca

Poly and perfluoroalkyl substances (PFAS) have been identified by many regulatory agencies of being
compounds of concern within the environment. In recent years regulatory authorities have established a
number of health-based regulatory values and evaluation criteria with values for groundwater typically
being less than 50 nanograms per litre (ng/L). Subsurface studies suggest that the compounds are wide
spread in the environment and are recalcitrant. Traditionally, impacted groundwater is extracted and
treated on surface using media such as activated carbon and exchange resins. These treatment

17

technologies are generally expensive and not efficient and can last for decades. The application of insitu
remedial technologies is common for a wide variety of compounds of concern however the application of
insitu technologies for PFAS is just emerging. This study involved the application of colloidal activated
carbon at a site in Canada that the PFAS compounds perfluorooctanoate (PFOA) and perfluorooctane
sulfonic acid (PFOS) were detected in the groundwater at concentrations of up to 3,300 ng/L and 1,500
ng/L, respectively. The shallow silty sand aquifer was anaerobic in nature with groundwater flow
velocities of approximately 300 m/year. The colloidal activated carbon was applied using direct push
technology resulting in the removal of the PFOA and PFOS to concentrations below the analytical
detection limit (> 20 ng/L) over an 18-month period. Analysis of other PFAS post injection also showed
that all of the compounds analyzed were below their respective method detection limits. Detailed
examination of cores taken post injection indicated that the colloidal activated carbon was successfully
distributed within the target zone of the impacted aquifer with the activated carbon being measured up
to 5 m away from the injection point. The results of the study suggested that colloidal activated carbon
could be successfully applied to address low to moderate concentrations of PFAS within a shallow
anaerobic aquifer.
Keywords - Remediation, activated carbon, groundwater

PFASs in the French coastal marine environment: geographical
distribution and temporal shift in profiles
Catherine Munschy1, Nadège Bely1, Charles Pollono1
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Organic Contaminants, Unit Biogeochemistry and Ecotoxicology, Nantes, France, cmunschy@ifremer.fr
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Perfluoroalkyl substances (PFASs) were investigated in filter-feeding shellfish collected in 2013-2016 from
French sites along the English Channel (EC), Atlantic (ATL) and Mediterranean (MED) coasts. Among the
various PFASs analyzed, PFTrDA (perfluorotridecanoic acid), PFOS (perfluorooctane,sulfonate), PFTeDA
(perfluorotetradecanoicacid), PFDoA (perfluorododecanoic acid) and PFUnA (perfluoroundecanoic acid)
were detected in more than 80% of the samples; thus indicating widespread contamination of the French
coastal environment by these chemicals.
PFDA (perfluorodecanoic acid) and PFNA (perfluorononanoic acid) detection frequencies were 67% and
38%, respectively. Other PFASs investigated were not detected in any sample. The distribution of the
various PFAS concentrations showed differences according to sampling locations and years. PFOS median
concentrations were stable in 2013-2015 (0.133 ng g-1 ww in samples from EC and ATL, and 0.052 ng g-1
ww in MED samples) but showed a lower median concentration in 2016 in EC and ATL samples (0.084 ng g1 ww) versus MED samples (0.052 ng g-1 ww). PFOS was the predominant PFAS in most samples collected
from EC and ATL coasts until 2014, but the opposite was observed in 2015 and 2016, while PFCAs prevailed
in MED samples during all years. In 2016, the highest PFAS median concentration (0.215 ng g-1 ww) at all
sampling sites was determined for PFTrDA. Other PFAS median concentrations were within the 0.023
(PFNA) - 0.094 (PFTeDA) ng g-1 ww range. The different profiles determined in samples from the MED coast
suggest inputs from different sources at a local or regional scale. The shift in PFAS profiles from PFOS to
long-chain PFCAs over the sample period may reflect the decreasing trends in PFOS levels in response to its
production phase-out, combined with continuous inputs of PFCAs into the marine environment. These
results provide reference data for future monitoring of French marine coastal contamination
by PFASs.
Keywords - PFOS, PFCAs, shellfish, French coasts
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Emerging contaminants included in the policy on soil contamination in
Flanders: the example of 1,4-dioxane and PFAS
Griet Van Gestel 1, Johan Ceenaeme 1 and Nele Bal 1
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For more than 20 years the Soil Decree is operative in Flanders. This legal instrument is based on the polluter
pays principle, and proved to be very successful for the management and remediation of soil and
groundwater contamination. Until recently, only well-known substances are considered and analyzed in the
common practice. However, the growing concern on this matter urges that emerging contaminants are
included as well.
Therefore, OVAM set up a stepwise approach for including emerging contaminants in the regulations on
soil and groundwater contamination. Priority is given to substances of the highest risks, taking into account
the scale of use of the substance, the way and extent it was spread into the environment, and the
persistence, mobility and toxicity. First, an exploratory survey, including a measuring campaign, is done in
order to estimate the extent of the problem in Flanders, and the overall risks. If needed, the substance is
introduced in the regulations, and guidelines are provided.
The example of 1,4-dioxane and PFAS will be presented. 1,4-dioxane was added in high volume percentages
to an industrially used chlorinated solvent (1,1,1-trichloroethane). From the survey, it proved to be
necessary to monitor 1,4-dioxane in groundwater on sites on which 1,1,1-TCA was used. A similar
exploratory survey on PFAS in soil and groundwater is finalized. Including PFAS in the regulations proved to
be more challenging, as PFAS are related to risk activities, that are not considered as such until now, e.g.
training grounds for fire extinguishing. The widespread and diffuse presence in the environment is an
additional problem.
In the presentation, issues related to e.g. liability, how to deal with ongoing and finalized remediation
projects, … will be discussed. As well as other challenges encountered during the implementation of
emerging contaminants in the policy on soil protection and remediation. The need for transnational cooperation and exchange on this matter will be stressed.
Keywords - Soil policy, soil remediation, PFAS, 1,4-dioxane

PFAS in environmental mixtures – changes in fingerprint related to trophic
transfer
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The project, "Reducing the impact of fluorinated compounds on the environment and human Health"
funded by The Research Council of Norway (project number: 268258/E50), addresses knowledge gaps
related to environmental monitoring and risk assessment of poly- and perfluorinated alkyl substances
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(PFAS) in various environmental media. Specific focus is on transport from sediment, water and porewater
to biota, trophic transfer, and resulting effects on the aquatic ecosystem.
Fieldwork will be carried out at different sites, representing different environments, sources and exposure
pathways of PFAS. These sites are: Tyrifjorden – a freshwater lake and river system. PFAS sources includes
industry, landfills, wastewater treatment plants (WWTP), and biosolid application to agricultural land. Oslo
Airport - the main airport in Norway where aqueous film forming foam (AFFF) containing PFAS has been
used in firefighting training activities. Closest recipients are small rivers, which flow into a larger river, Leira.
Bodø Airport – an airport where AFFF containing PFAS has also been used in firefighting training activities.
The closest recipient is a marine fjord, Saltfjorden. Longyearbyen, Svalbard – site representing the arctic
environment and ecosystem. PFAS sources includes AFFF, WWTP, and landfill leachate.
We will present preliminary results from fieldwork, and address changes in the composition of PFASmixtures as a result of environmental transport and trophic transfer. We will discuss our approaches to
environmental monitoring of PFAS in different environmental compartments, especially with respect to
sampling of biota (choice of species and tissues), and the use of passive samplers to monitor bioavailable
PFAS concentrations. The relationship between concentrations in biota and passive samplers will be
discussed, in addition to concentrations in water, sediments and pore water. Results from our work will be
a significant contribution to future risk assessment and management, and for regulation and policy making
of both first generation PFAS, and emerging.
Keywords - PFAS, arctic ecosystems, aquatic ecosystems, new contaminants, fate and transport,
environmental sampling

A place-based approach to assessing impacts of mixtures of emerging
contaminants provides real-world measure of endocrine and other
adverse outcome pathways
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Mixtures of emerging contaminants (ECs) differ spatially across an aquatic system. This makes it difficult to
adequately predict their impacts over space and time. In addition, screening assays that measure the
potential for activation and disruption of individual pathways do not adequately describe the collective
impact of all mixtures. Using place-based mixture concentrations or field collected samples, representing
location and time specific concentrations of ECs, in combination with whole organisms biological assays are
more representative of real impacts of these chemical exposures. As a result they cover a greater number
of molecular initiating events and can help to identify potential hotspots of environmental impact that cross
multiple mechanisms of action. This talk will discuss two experiments that used mixtures either based on
field concentrations or samples from an effluent impacted stream over space and time to more accurately
represent actual exposures. Exposures from embryo to adult fish were used to examine EC pathway related
disruption. Gene expression was quantified using individual and global gene transcripts. Multiple
compounds caused significant induction of brain aromatase at environmentally relevant concentrations.
Exposures to mixtures significantly increased the expression of ERα mRNA as compared to the control,
which was not duplicated in any of the individual exposures. Publicly available in vitro assay results indicate
that human estrogen receptor alpha (ERα) is not likely and other pathways may be responsible for the
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effects observed supporting a more diverse approach to evaluating impacts in the environment. Companion
efforts examining the variability in chemical concentration over space and time enhance this project tying
whole organism molecular response assays to the corresponding pharmaceutical concentrations to better
understand potential environmental effects. This study demonstrates the benefit of examining the
temporal and spatial variability of chemicals in tandem with whole organism molecular response assays to
supplement environmental monitoring efforts.
Keywords - endocrine disruption; metformin; effluent dominated streams; adverse outcome pathways;
mixtures

Implication of microbial adaptation for the persistency of emerging
pollutants
Baptiste A.J. Poursat1,2, Martin Braster2, Rick Helmus1, Rob J.M. van Spanning2, Pim de
Voogt1,3, John R. Parsons1
1Institute

for Biodiversity and Ecosystem Dynamics, University of Amsterdam, Science Park 904, 1098 XH Amsterdam,
The Netherlands. 2Department of Molecular Cell Biology, Vrije Universiteit, de Boelelaan 1108, 1081 HZ Amsterdam,
The Netherlands. 3KWR Watercycle Research Institute, Nieuwegein, The Netherlands.

Persistency of organic pollutant in aquatic ecosystems is strongly connected to the biodegradation capacity
of native microbial community. However, not all microbial communities have the capacity to efficiently
degrade emerging chemicals. Several investigations have demonstrated the adaptation capacity of
microbial communities to new chemicals. In their natural environment microorganisms tend to adapt to
pollutants upon long term exposure, allowing for the development of efficient and fast degradation over
time. This adaptation capacity of microorganism could be used to develop adapted inoculum in an objective
of bioremediation in order to degrade emerging pollutants that were initially persistent. The aim of our
project is to study microbial adaptation to persistent chemicals using long term exposure in various
culturing systems. This in turn might lead to a faster rate of degradation of chemicals that were initially
persistent. Our approach is to expose microbial communities from activated sludge, growing in chemostat
and batch culturing systems, to different chemicals for a long term and under defined conditions. Four
model chemicals are used in this project; Carbamazepine, 4-chloroaniline, N-methylpiperazine and
metformin. Three of these products are considered as emerging pollutants and are environmentally
persistent. The biodegradation capacity of pre-exposed inoculum is assessed in biodegradation testing and
changes in community structure are followed by Illumina amplicon sequencing in time. Removal of tested
chemicals and their transformation products are determined by LC-MS/MS. The results of this experiment
show enhanced biodegradation capacity enhancement of the inoculum after pre-exposure. These will result
in a better understanding of the relationship between microbial adaptation and biodegradation
performance. Moreover, microbial communities exposed to metformin were able to degrade its known
persistent transformation product, guanylurea, which is persistent in fresh water. Ultimately they will also
allow more realistic predictions of their biodegradation in the environment compared to those obtained
using standard testing protocols.
Keywords -biodegradation, Microbial adaptation, Emerging contaminants, Persistent chemicals,
transformation products.
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Bioaccumulation of selected veterinary medicines in the blue mussel
(Mytilus edulis)
Steven J Brooks1, Bjørnar Beylich1, Anders Ruus1,2, Jan Thomas Rundberget1, Adam
Lillicrap1
Norwegian Institute for Water Research, Gaustadalleen 21, 0349 Oslo, Norway. 2University of Oslo,
Section for Aquatic Biology and Toxicology, Department of Biosciences, Oslo, Norway.
E-mail contact: sbr@niva.no
1

Veterinary medicines are widely used within the fish farming industry for the control of sea lice
infestation. In 2016, over 10 tonnes of veterinary medicines were used by Norwegian fish farms. The
impact on non-target species has raised concern. For instance, do wild and farmed mussels in the vicinity
to these fish farms have the potential to bioaccumulate these chemicals and thereby pose a threat to
human health? On the other hand, mussels may be the most suitable biomonitoring species for the
presence of veterinary medicines in the environment. To better understand these scenarios, and the fate
of these chemicals in the environment, a series of laboratory controlled exposures were performed to
determine the bioaccumulation and depuration of selected veterinary medicines in the blue mussel
(Mytilus edulis). The veterinary medicines included teflubenzuron, emamectin, deltamethrin and
azamethiphos. Water and mussel samples were collected at time intervals during the 14-day uptake
phase, and again following transfer of the mussels into clean flowing seawater during a depuration phase.
The effects of salinity on the bioaccumulation of teflubenzuron was also investigated to see whether
mussels in brackish waters show different bioaccumulation dynamics. So far, the results have shown a
clear uptake of teflubenzuron over 14 days, reaching maximum concentrations (~1500 ng/g) after 10
days. Depuration of teflubenzuron was fast for the first 2 days, although still present at approximately
after 21 days depuration. Salinity had no apparent effect on the bioaccumulation of teflubenzuron. In
contrast, emamectin showed lower bioaccumulation, although no significant depuration of emamectin
was observed after 7 days. The results suggest that mussels are a suitable biomonitoring species for the
presence of veterinary medicines in the environment. Additionally, mussel farms in close proximity to fish
farms have the potential to bioaccumulate these chemicals and are recommended for monitoring.
Keywords - teflubenzuron, emamectin, deltamethrin, azamethiphos, bioaccumulation factors.

REACH registered substances that are emerging hazardous drinking water
contaminants
Sarah E. Hale1, Michael Neumann2, Ivo Schliebner2, Daniel Sätler,2 Hans Peter H. Arp 1,3
Norwegian Geotechnical Institute (NGI), Oslo, Norway, sah@ngi.no 2 German Environment Agency (UBA),
Section IV 2.3 Chemicals, Dessau-Rosslau Germany, 3denkbares GmbH, Würzburg, Germany
1

In order for a chemical substance emitted into the environment to threaten the sources of drinking water,
it must be both persistent in the environment and mobile in the aquatic environment. Therefore, those
substances that have the intrinsic substance properties of being persistent (P) in the environment, mobile
(M) in the aquatic environment, and toxic (T) are the ones we must focus on. Detecting and measuring
highly mobile substances presents an analytical challenge and the presence of many PMT substances in the
environment goes unknown; despite them representing an important group of emerging substances.
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For the first time all substances, registered under REACH were systematically assessed for their PMT
properties. In order to carry out this assessment databases (IUCLID, EChem-Portal) were used in order to
obtain registered data related to PMT properties. Peer-reviewed literature, other scientific literature and
QSARs (ADMET, EPIWIN) were used in order to fill missing data gaps and for quality assurance. This
presentation focuses the distribution of PMT-substances within REACH, and will provide more detail on a
subset of these compounds recently identified as emerging contaminants in drinking water resources.
Possible risk mitigation measures will be discussed. The list of identified PMT substances can be used to
support: (1) manufacturers, importers and downstream users to minimize emissions into the environment
during the whole life cycle of the substance; (2) local authorities, water suppliers and producers of
drinking water, and researchers in their raw water and drinking water monitoring programs; and (3)
Member State authorities to apply regulatory instruments if voluntary measures to minimize emissions
into the environment are not effectively protecting drinking water sources.
Keywords - polar, mobility, drinking water, ionic, REACH, hazard assessment

Agilent Technologies – lunch seminar: Using a Novel High Resolution
Accurate Mass GCQTof System for the Trace Analysis of Organic
Contaminants in the Environment
Nathan Eno1, Peter Abrahamsson2

Agilent Technologies, Santa Clara, US; Agilent technologies Sweden. Email:
peter.abrahamsson@agilent.com
Introduction. Recently, Agilent Technologies introduced the second-generation gas chromatography high
resolution, accurate mass MS/MS system. The system utilizes a simultaneous accurate mass MS and
MS/MS, wide dynamic range, soft EI and ultra-high acquisition speed making it ideal for discovery based
research and compound identification. The low energy EI with a minimum loss of ion counts is possible
through a novel design of the ion source generating a significantly higher number of ions, in addition yields
a higher proportion of molecular ions. The higher yield of molecular ions can be used for further compound
identification and structure elucidation making it a strong analytical tool for research.
Materials and Methods. An Agilent GC 7890 connected to an Agilent 7250 QTof has been used to separate
and detect known and unknown compounds in complex and authentic matrices (neat solvent, avocado
matrice, juniper berry, mouse lung extract and packaging extract). MassHunter software (Qualitative
analysis, Quantitative analysis, PCDL manager, MPP and Molecular structure correlator) has been used for
data processing.
Results. The quantification example showed a linear response approaching 4 orders of magnitude with an
RSD well below 10% for pesticides in avocado matrice, while maintain a mass accuracy sub 2ppm and a
resolution at or above 40.000 FWHM. For the low energy EI example, a 12eV electron energy were used to
increase the intensity of the molecular ion and allow for structure elucidation. In addition, a compound in
packaging extract were identified using low and high energy EI and matching the spectra using molecular
structure elucidation. To summarize the Agilent 7250 are a highly capable analytical tool for quantitative
analysis, unknown analysis and structure elucidation.
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Agilent Technologies – lunch seminar: The worldwide problem of micro
plastic: Mobile FTIR and FTIR imaging as key methods in microplastics and
microparticle analysis
Marion Börger 1, Jan Wülfken 2
Agilent Technologies, Waldbronn, Germany, marion.boerger@agilent.com 2 Agilent Technologies,
Waldbronn, Germany, jan.wuelfken@agilent.com
1

The pollution of the oceans and waterways by plastics has been a very big issue for many years.
Investigations are being carried out to determine the type and sizes of microplastics in oceans, fresh
water, wastewater and in animal organs. However, until recently, analytical tools for accurate and rapid
characterisation have been lacking, with many studies up until now only considering a manual approach
to investigate the larger particles and fibers (>100-200um). However, it is known that the smaller particles
(<<100um) have biological relevance and implications (being able to be ingested by organisms) as well as
their ability to transport adsorbed organic pollutants. Analogously, similar efforts are underway in looking
at a range of particles in air, such as the determination of asbestos is in the room air.
FTIR spectroscopic imaging provides simultaneous information on the molecular composition of the
samples and their spatial distribution with resolution to a few microns. With the development of new
optics, objectives and Large Area micro ATR accessories, there has been a drastic improvement in the
spatial resolution, sensitivity and overall speed of analysis for a range of new and existing applications.
This contribution presents the latest developments in FTIR imaging, providing examples in the analysis of
very small particles, such as microplastics, microparticles, powders and thin layer structures.

High-throughput Effect-Directed Analysis using downscaled in vitro
reporter gene assays to identify endocrine disruptors in surface water
Nick Zwart 1, Corine Houtman 2, Jacob de Boer 1, Jeroen Kool 3, Timo Hamers 1 and Marja
Lamoree 1
1 Department Environment & Health, Vrije Universiteit, Amsterdam, The Netherlands,
marja.lamoree@vu.nl; 2 The Water Laboratory, Haarlem, The Netherlands; 3 Biomolecular Analysis group,
Vrije Universiteit, Amsterdam, The Netherlands
For the effect-based identification of biologically active compounds, Effect-Directed Analysis (EDA) is an
approach that is currently undergoing a transformation towards a high throughput tool that is capable of
rapid water quality assessment through the identification of Chemicals of Emerging Concern (CECs). This
feature is of major importance to address current and future challenges with regard to safeguarding the
quality of surface water, especially those waters used as the basis for drinking water production.
In this presentation, the use of downscaled cell-based hormone receptor gene assays in combination with
high resolution fractionation will be presented. High resolution fractionation enables the toxicity testing
of large numbers of fractions with reduced complexity, which contributes to the identification success
rate of CECs using high resolution mass spectrometry techniques for suspect and non-target screening.
Using a microfractionation device, we have fractionated extracts into 384 well plates, with either
triplicates on a single plate with a somewhat wider fraction collection time window (27 seconds) or a
single fractionation using a very narrow time interval, i.e. 9 seconds. The sensitivity of the assays for
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estrogenicity, (anti-)androgenicity and glucocorticoid activity was maintained after downscaling from 96
to 384 well plate format.
A set of passive sampler extracts from a river location and a wastewater treatment plant effluent were
used for our high throughput EDA study. The evaluation of the HRMS data in combination with the
bioassay results revealed the presence of non-steroidal estrogens as well as a number of anti-androgenic
compounds using an identification pipeline that included the use of public databases on toxicity of
chemicals.
Keywords - effect-Directed Analysis, high throughput, toxicity testing, endocrine disruption, water quality,
Chemicals of Emerging Concern

Application of a non-targeted HR-MS approach for comprehensive
recovery assessment of complex unresolved mixtures
Saer Samanipour 1, Jose A. Baz-Lomba 1, Malcolm J. Reid 1, Elena Ciceri 2, Steven
Rowland 3, Per Nilsson 2 and Kevin V. Thomas 1,4
Norwegian Institute for Water Research (NIVA), Oslo, Norway email: saer.samanipour@niva.no; 2Thermo
Fisher Scientific; 3School of Geography, Earth and Environmental Sciences, University of Plymouth,
Plymouth, UK, 4Queensland Alliance for Environmental Health Science (QAEHS), University of
Queensland, Brisbane, QLD, Australia.
1

The assessment of the extraction recovery of organic analytes from complex samples such as oil field
produced water (PW) is a challenging task. A targeted approach is usually used for recovery and
determination of compounds in these types of analysis. Here we suggest a more comprehensive and less
biased approach for the extraction recovery assessment of complex samples. This method combines
conventional targeted analysis with a non-targeted approach to evaluate the extraction recovery of
complex mixtures. Three generic extraction methods were selected for our evaluation: liquid-liquid
extraction (Lq), solid phase extraction using HLB cartridges (HLB), and solid phase extraction with a
combination of ENV+ and C8 (ENV) cartridges. PW was divided in three parts for our analysis: non-spiked,
spiked level 1, and spiked level 2. The spiked samples were used for targeted evaluation of extraction
recoveries of the 65 added analytes. These analytes included a mix of alkanes, phenols, and polycyclic
aromatic hydrocarbons. The non-spiked sample was used for the non-targeted approach, which used a
combination of the F-ratio method and an apex detection algorithm. Results of the targeted analysis
indicate that the ENV cartridges and the Lq method performed better than HLB cartridges. The nontargeted approach, on the other hand, used F-ratio to isolate the unique features that were specific to
each extraction method. This approach generated a sub-sample of unique features (mass spectral ions),
which were significantly different between samples and were relevant in differentiating each extract from
each method. These non-target results indicate that extraction recovery is far more nuanced than may be
indicated via traditional targeted method, and that the use of a small set of target test analytes may be
insufficient to test the performance of an extraction method.
Keywords - Non-target; HR-MS; Unresolved mixture; Chemometric; Recovery assessment
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Mass defect analysis of gaseous and particle samples from fire
extinguishing
Florian Dubocq1, Filip Bjurlid1, Danielle Ydstål1, Thanh Wang1, Xavier Ortiz2, Anna
Kärrman1
1
2

Man-Technology-Environment (MTM) Research Centre, Örebro University, SE-701 82 Örebro, Sweden
Ontario Ministry of the Environment and Climate Change, 125 Resources Road, Toronto ON, Canada

Non-target mass defect analysis was used to study the presence of unknown substances in gas and soot
from extinguishing small fires, resembling the size of a living room, using four different firefighting methods.
The fire experiments were performed in identical container set-ups and the four extinguishing methods
were conventional nozzle and water, cutting extinguisher with water, compressed air foam system, and
cutting extinguisher with additive. Gaseous samples were taken in the container during the extinguishing
phase using low volume pumps and XAD-2 sorbents. Soot were sampled using wipes from stainless steal
plates that were mounted in the container opening during extinguishing. All samples were Soxhlet extracted
with toluene and analysis were performed with a gas chromatograph hyphenated with a Fourier transform
ion cyclotron resonance mass spectrometer (GC FT-ICR-MS, Varian, Germany) in full scan mode (m/z 100700). The ultra-high resolution analysis allows further data analysis using the difference between exact and
nominal mass, called “mass defect”. Five different mass defects were calculated to give an overview of the
data; CH2 for hydrocarbons (Kendrick mass defect), HF and CF2 for fluorinated substances, Cl/Br substances,
and C4H2 for polyaromatic hydrocarbons (PAHs).
More compounds were detected in the soot samples compared with the gas samples. Using mass defect
plots, homologue series of PAHs detected included acenaphtylene, fluorene, anthracene and xanthene. No
fluorinated substances were detected which might be due to rare use in furniture and that no fluorinecontaining foams were used. Brominated compounds were detected only in soot, some could be classified
as flame retardants (e.g tetrabromobisphenol A) or wood conservative (e.g tribromophenol). Less
brominated compounds were found using conventional nozzle and more compounds were found using the
compressed air foam system. For the PAHs, less compounds were found using the cutting extinguisher with
water and more were found using the conventional nozzle.
Keywords - non-target analysis; mass defect; fire gas; fire soot; PAHs; brominated compounds

A mass spectrometry based open source platform for non-target
screening of emerging contaminants in the environment
Rick Helmus1, Vittorio Albergamo1, John Parsons1 and Pim de Voogt1,2
Institute for Biodiversity and Ecosystem Dynamics, Amsterdam, Noord-Holland, the Netherlands,
r.helmus@uva.nl;2 KWR Watercycle Research Institute, Nieuwegein, Utrecht, the Netherlands.
1

Non-target screening refers to a series of strategies and software tools increasingly applied to detect
emerging contaminants in environmental compartments with previously unknown or suspected presence.
This approach relies on modern analytical chemistry instrumentation such as hyphenated high resolution
mass spectrometry, which allows screening of hundreds to thousands chemicals simultaneously. Therefore,
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manual data processing becomes impractical, and automated tools and workflows are crucial for extraction,
prioritization and tentative identification of chemicals of potential interest. The various software tools now
available typically solve only part of the workflow and may lack functionality specifically required for
environmental chemistry. Non-target screening can benefit from combining different existing tools,
although this implies familiarizing with various software environments and potentially tedious
transformation of in-between data sets.
An open source software tool was developed in the R programming environment which uses various
existing tools (such as XCMS, OpenMS, enviPick, metFrag, RAMClustR and GenForm) to implement typical
non-target workflow steps such as automatic extraction and alignment of chromatographic and mass
spectral data, calculation of chemical formulae and tentative compound identification. A common interface
to these tools allows easy incorporation of tested algorithms and straightforward comparison of their
output and generation of a consensus. Other features of our software include rule based filtering and
prioritization of features, interactive and static reporting of, for instance, chromatograms, mass spectra and
tentatively identified compound spectra and interoperability with vendor software (Bruker DataAnalysis).
Our software is currently being applied in various non-target studies conducted in our institute. Examples
of its applications include the identification of small and polar emerging polar contaminants in natural
source waters and their removal by reverse osmosis during water treatment.
Keywords - High resolution Mass Spectrometry; non-target analysis; chemo-informatics; open source
software; compound identification

Trends of known and new contaminants of emerging concern measured in
a wastewater-influenced stream using passive samplers
Edward T. Furlong1, Leslie K. Kanagy1, William T. Foreman1 and David A. Alvarez2
National Water Quality Laboratory, U.S. Geological Survey, Denver, Colorado, United States of America;
efurlong@usgs.gov, lkkanagy@usgs.gov, wforeman@usgs.gov 2 Columbia Environmental Research
Center, U.S. Geological Survey, Columbia, Missouri, United States of America; dalvarez@usgs.gov
1

Integrating passive samplers, such as the polar organic compound integrative sampler (POCIS), provide the
means to collect an integrated profile of many polar organic contaminants present in surface water whose
presence may be continuous or episodic, reflecting changes in hydrologic or source input. POCIS permits
contaminant trend assessment by (1) identification and quantitative concentration using methods for
targeted contaminants, such as analgesics, antidepressants, stimulants, and their degradates, as well as (2)
identification and semiquantitative estimation of nontargeted contaminants using a comprehensive
screening strategy.
We present results from structured taget and nontarget analysis of POCIS extracts deployed over a yearlong period under differing flow conditions. The extracts were analysed using a Quadrupole Time-of-Flight
Mass Spectrometer (QToF MS) operated in the positive electrospray ionization mode and coupled to an
ultra performance liquid chromatograph, using a C-18 reversed phase column for separation of analytes.
The QToF MS was operated in a scan mode combining spectra with alternating low and high collision cell
energies. The resulting data were aligned and analysed using extended pesticide and toxicology libraries to
identify known and suspected contaminants. Results from the QToF analysis were compared to targeted
analysis using high-performance liquid chromatography/tandem quadrupole mass spectrometry
(LC/MS/MS).
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Methyl-1H-benzotriazole, carbamazepine, citalopram, desvenlafaxine, fexofenadine, and tramadol were
among the compounds in POCIS extracts detected by LC/MS/MS and confirmed by QToF MS. Lamotrigrine
and DEET, not determined by LC/MS/MS but anticipated to likely be present, were identified by QtoF MS
from elemental compositions of parent pseudomolecular ions and associated fragments from the linked
high-energy collisional dissociation spectra. Hydroxyl degradation products of carbamazepine and
lamotrigrine were similarly identified in these extracts, as were ketamine, which was not initially expected
to be present. Trends in the relative abundances of suspected and newly identified contaminants were
consistent with those observed for targeted compounds by LC/MS/MS.
Keywords - Nontargeted Analysis, Pharmaceuticals, Passive Samplers, Time-of-Flight Mass Spectrometry

Tracing biotransformation products in-situ – passive sampling within the
hyporheic zone
Jonas Mechelke 1,2, Haijia Zeng 1,2, Etiënne L.M. Vermeirssen 3, Juliane Hollender 1,2
Swiss Federal Institute for Environmental Sciences and Technology (Eawag), Zurich, Switzerland;
Institute of Biogeochemistry and Pollutant Dynamics (IBP), ETH Zürich, Zurich, Switzerland; 3 Swiss Centre
for Applied Ecotoxicology Eawag-EPFL, Zurich, Switzerland
1
2

Hyporheic zones (HZs) are water-saturated, flown-through sediments below the streambed and in adjacent
riverbanks. Based on recent, mainly laboratory-based studies, these zones have been hypothesized to
enhance or induce biotransformation of organic pollutants, thus contributing to the self-purification of
streams. The aim of this study was to test this hypothesis of advanced attenuation in-situ, i.e. by tracing
organic pollutants in the HZ of a lowland river using a novel methodological approach. As it is difficult to
sample within a HZ, we aimed to develop a passive sampler capable of monitoring timeweighted average
concentrations of (semi-)polar organic pollutants and biotransformation products (BTPs) in sediment pore
water along hyporheic flow paths, but also within the overlying river water. Inspired by polar Chemcatcher®
and o-DGT samplers, three passive sampler configurations were designed. In a first experiment, uptake into
these samplers was evaluated for 145 organic pollutants under two hydrodynamic conditions, i.e. at
continuous flow and in stagnant water. This allowed us to identify the sampler being most insensitive to
changes in hydrodynamic conditions, while still accumulating sufficient analyte to enable instrumental
analysis.
In June 2016, this sampler was installed in the streambed downstream of a wastewater treatment plant at
river Erpe in Berlin. The sampler was mounted on custom-made holding devices and three such holders
were embedded in the sediment to align in a row, positioning samplers above and within the river bed
along vertical and horizontal transects. After 11 days, samplers were extracted, and extracts analyzed by
liquid chromatography high-resolution mass spectrometry. Target and suspect screening workflows were
applied to elucidate BTPs characteristic of HZ-driven attenuation, and link BTP formation to the attenuation
of the respective parent compound. Preliminary results already confirmed the formation of valsartan acid
from valsartan and irbesartan, and the formation of atenolol acid from atenolol and metoprolol.
Keywords - hyporheic zone; passive sampling; liquid chromatography high-resolution mass spectrometry;
suspect screening; micropollutants; transformation products
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Lifecycle exposures of fathead minnows: Effects of the heart drug
Propranolol and the antidepressant Venlafaxine
Joanne Parrott1, Vimal Balakrishnan1, and Chris Metcalfe2
Environment and Climate Change Canada, Burlington, Ontario, Canada, joanne.parrott@canada.ca,
vimal.balakrishnan@canada.ca; 2 Trent University, Peterborough, Ontario, Canada, cmetcalfe@trentu.ca
1

Recently, fathead minnow (Pimephales promelas) lifecycle exposures have been conducted in our lab for
two pharmaceutical compounds. The lifecycle exposures encompassed all “sensitive windows” of a fish
lifecycle, from hatching and larval growth, to sexual development and maturation, and breeding and
reproduction. They can also detect delayed effects that occur in one life stage (e.g. gonadal differentiation
in larval-juvenile fish) but the effects are manifest later on (as an altered sex ratio, or as decreased breeding
in mature adults). Although lifecycle tests in general are difficult and costly, they provide a complete picture
of long term effects, especially if exposures include concentrations that are environmentally relevant. We
exposed fathead minnows over a full lifecycle to propranolol (belonging to the class of ß-adrenergic
antagonist drugs, known as ß-blockers, commonly prescribed for high blood pressure, angina, and heart
failure) or venlafaxine (a drug prescribed to manage depression and anxiety). Lifecycle exposure to both
propranolol (1 to 7800 ng/L measured concentration) and venlafaxine (1 to 75 µg/L, measured
concentration) caused very few changes in growth of fish over time. Survival of juvenile fish was slightly
reduced at the highest propranolol exposure concentrations. Both compounds elevated the number of eggs
produced per female, and venlafaxine increased the males’ nest-defense behaviours, but only at the highest
exposure concentrations that were well above environmentally-relevant concentrations. The increased egg
production may have been caused by the anti-anxiety properties of both compounds, and we hypothesize
that the highest exposure concentrations may have caused fish to be less disturbed by everyday
maintenance, and so they laid more eggs.
Keywords - fathead minnow, lifecycle, pharmaceuticals, propranolol, venlafaxine

High-throughput determination of oxidative stress in Chlamydomonas
reinhardtii exposed to biocides
Ana Catarina Almeida1, Tânia Gomes1,2, Kevin V. Thomas1,3, Knut Erik Tollefsen1,2
Norwegian Institute for Water Research, Gaustadalléen 21, 0349 Oslo, Norway,
ana.catarina.almeida@niva.no 2Centre for Environmental Radioactivity, Norwegian University of Life
Sciences (NMBU), Post box 5003, N-1432 Ås, Norway. 3Current affiliation: Queensland Alliance for
Environmental Health Sciences (QAEHS), The University of Queensland, 39 Keesels Road, Coopers Plains,
4108, Australia
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The toxicity of biocides can be related with the formation of reactive oxygen species (ROS) and consequent
oxidative damage, interfering with photosynthetic organisms. This study investigated the effects of ROS in
the microalgae Chlamydomonas reinhardtii exposed to two environmentally relevant biocides, bifenox, and
metribuzin. A combination of high-throughput determination of ROS production, reduced glutathione
(GSH), lipid peroxidation (LPO), photosystem (PS) II performance and pigments (chlorophylls a, b and
carotenoids) were conducted for the biocides. The results show that both biphenox and metribuzin caused
ROS production in C. reinhardtii (maximum potency: biphenox> metribuzin). The Protox inhibitor bifenox
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induced the highest levels of ROS. At higher concentrations, GSH decreased, indicating an inhibition of this
protein, while LPO showed first an increment followed by a decrease. Bifenox had also an impact on the
photosynthetic apparatus, with an inhibition of both Fv/Fm and ΦPSII, and a decrease in the nonphotochemical energy dissipation pathways. Metribuzin, a PSII inhibitor, instigated an increase in ROS,
interfered with LPO and pigments levels. This compound showed the highest effects on PSII performance
endpoints, clearly demonstrating its inhibitory effect on photosynthesis, namely on Fv/Fm, ΦPSII and electron
transport rate (ETR).
This study demonstrated the successful use of high-throughput methods for rapidly screening biocides
inducing ROS and the oxidative effects in C. reinhardtii, by revealing their mode of action (MoA) before an
impact on growth became effective.
Keywords - biocides; ROS; GSH; LPO; PS II efficiency; photosynthetic pigments.

Behavioral screening of chemicals of emerging concern (CECs) in two
aquatic model organisms: A multi-tiered approach to evaluate endocrine
disrupting potential.
David K. Pitts1, Neha Reddy1, Manahil Monshi1, Karim Alame1, Danielle Meyer2,3, Emily
Crofts2, Jeremiah Shields2, Shawn P. McElmurry3, Donna R. Kashian4, and Tracie R.
Baker2,3
Department of Pharmaceutical Sciences, pitts@wayne.edu, 2Institute of Environmental Health Sciences,
Department of Pharmacology, tracie.baker@wayne.edu, 4Department of Civil & Environmental
Engineering, s.mcelmurry@wayne.edu,5Department of Biological Sciences, dkashian@wayne.edu, Wayne
State University, Detroit, Michigan, USA
1
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Contaminants of emerging concern (CECs) include chemicals with known or suspected endocrine disrupting
potential (EDCs). Biological effects on aquatic wildlife commonly reported in the literature include the
feminization of males or changes in sex-ratio. Given the diversity of chemicals and the extent of
contamination of surface water and ground water, there is an urgent need to develop research tools that
can identify and elucidate the biological effects of CECs. Identification of the wide diversity of chemical
structures by advanced analytical techniques, including those transformed by biotic and abiotic processes,
remains a significant challenge. The overall project goal is to combine behavioral, morphological, and
genomic techniques to develop an approach capable of detecting specific endocrine disrupting activity in
water. In contrast to cell culture assays that narrowly focus on specific elements of endocrine systems (e.g.,
expressed estrogen receptors), this project specifically focuses on whole animal responses. Development
of an efficient method to detect the estrogenicity or anti-androgenic effects of water could complement
existing analytical technology and would advance understanding of the EDC exposure risk. A multi-tiered
biological approach to evaluate the endocrine disrupting potential of water samples using Danio
rerio (zebrafish) and Daphnia pulex (waterflea) was developed. Our initial focus was to evaluate the sublethal behavioral effects of a series of selected individual compounds based on a 24-hour swimming
behavior assay (n> 1,500 animals). The chemicals evaluated in phase 1 of this project were: estrone,
metformin, triclosan, triclocarban, chlorpyrifos, 4-nonylphenol, bisphenol-A, dieldrin, and atrazine.
Significant differences in behavioral responses were found: (1) across chemicals within a species, (2) across
species for a given chemical, (3) in chemical sensitivity across species. The results from the behavioral assay
will be combined with morphological and genomic results to create a mathematical model of estrogenic or
anti-androgenic EDC activity.
Keywords - Daphnia, zebrafish, pharmaceutical, insecticide, estrogen, anti-androgen
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What is the aquatic toxicity of saponin-rich plant extracts used as
biopesticides?
Bjarne W. Strobel, Xiaogang Jiang, Hans Chr. Bruun Hansen, Nina Cedergreen
Department of Plant and Environmental Sciences, University of Copenhagen, Thorvaldsensvej 40, 1871
Frederiksberg, Denmark. E-mail: bjwe@plen.ku.dk, jiang@plen.ku.dk, haha@plen.ku.dk, ncf@plen.ku.dk
US EPA has registered saponin-rich extracts from Quillaja saponaria and Chenopodium quinoa as active
ingredients in biopesticides, and proposed extract from tea seed powder, Camellia oleifera for biocidal use.
If saponin-rich biopesticides are efficient against pests, they are most likely also bioactive in the freshwater
environment against non-target organisms. The aim of this study was to conduct an effect assessment of
saponin-rich plant extracts by using species sensitivity distributions (SSD) based on acute toxicity tests. The
maximal concentrations protecting 95% of the aquatic species (HC5) of saponins extracted from quillaja
bark, tea seed coat and quinoa seed coat were 2.91 ±1.00, 0.22 ±0.11 and 22.9 ±5.84 mg/L, respectively.
The 100-fold difference in toxicity between the saponin-rich extracts from different plant species, indicate
that saponin toxicity depends on the species it origins from, making “read-across” between saponins a
dubious exercise. In addition, the predicted environmental concentrations of different saponins are close
to or higher than their water quality standard, which means that the extracts might pose a risk to the aquatic
environment if not used cautiously.
Keywords - Saponins, Biopesticides, Species Sensitivity Distribution, Aquatic Toxicity

Integrated exposure and effect database tools to support hazard and risk
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Petersen1,2
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Radioactivity, Norwegian University of Life Sciences (NMBU), Post box 5003, N-1432 Ås, Norway,
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Use of available exposure and effect data are key to performing hazard and risk assessment of pollutants,
and compiling different sources of data are often done in a case-by-case manner. Processing data is thus
cumbersome and time-consuming, whereas the availability of data is a large source of uncertainty in
resulting assessments. The NIVA Risk Assessment database (NIVA RAdbTM) has been developed as a
module-based tool to facilitate the assembly, organisation, integration, visualisation and quality assurance
of available exposure and effect information to speed up and perform consistent handling of relevant
data. The NIVA RAdbTM compile available experimental and predicted (computational) effect data that
range from molecular and cellular responses characterising the mode of action (MOA) from in vitro assays
to (apical) adverse data derived from whole organism bioassays of potential regulatory relevance. These
data are assembled within the context of Adverse Outcome Pathways (AOPs) by anchoring data to
molecular initiating events (MIE), downstream key events (KE) at the cellular/organ level and finally to
adverse outcomes (AO) at the individual or organism level. The resulting data can be used in hazard
assessment to identify the MOA, to link molecular responses to higher organisation level effects and to
rank potential stressors in terms of their potential ecological relevance. The NIVA RAdbTM also support risk
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assessment by calculating risk quotients (RQs) of single pollutants and mixtures of these on basis of
exposure and effect data and can identify risk drivers (most toxic chemicals), relevant toxic endpoints (i.e.
MIE, KE and AO) and susceptible species for a given exposure scenario. Recent development includes
integration of non-chemical stressors such as ionizing and non-ionizing radiation into the hazard and risk
assessments procedures. Examples on uses on specific exposure scenarios will be presented to show the
utility of the database and the tools developed.
Keywords - Risk assessment, Hazard assessment, combined toxicity, cumulative hazard, cumulative risk,
Adverse Outcome Pathways

Estimation of the amount of drugs consumed by a festival population and
the impact on the sewage based epidemiology of a small WWTP in the
Netherlands.
Erik Emke, 1, Dennis Vughs1, Kay Hup1, Pim de Voogt1,2
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The festival season in the Netherlands is quite extensive, especially the electronic dance music (e.g. hard
style, house, hardcore) is known for potential drug use. This is the first time in the Netherlands that the
amount of drugs consumed by the population visiting such a hard style festival has been investigated. Also
the impact on the local Wastewater treatment plant (WWTP) which receives the wastewater form the
festival area was monitored in the days around the festival. The festival is a three day event and
interestingly, the festival advertises a zero-drug tolerance policy.
The area where the festival is located has an own sewage network system served by a small pumping
station. At this pumping station flow dependent 24h composite samples were taken on the three festival
days. One day before the festival a reference sample was taken. The pumping station is connected to the
local WWTP serving 42,000 people in the catchment area. At this WWTP influent sampling was initiated
three days before the festival and continued four days after. The samples were analyzed by means of a
direct water injection using a tribrid Orbitrap-Fusion mass spectrometer. Full scan high accuracy mass
spectra were acquired at 120,000 FWHM. Data dependent acquisition was performed at a resolution of
15,000 FWHM.
The most popular drug was MDMA (XTC) with an estimated consumption of 2 kg, followed by cocaine (1 kg
of street quality) and amphetamine. The amount of methamphetamine was relatively quite low: 1.5g. The
average increase in load during the festival for this small WWTP per 1000 inhabitants was compared to the
city of Utrecht and ranged from 3.7x for cocaine to 56x for MDMA. Retrospective analysis showed the
presence of 4-fluormethamphetamine, the replacement for the now controlled 4-fluoramphetamine, and
4-methylethcathinone, a replacement for mephedrone.
Keywords - Zero-drug tolerance; hard style Festival; trends in drug use; Wastewater based epidemiology;
4-fluormethampheamine; 4-methylethcathinone.

32

Monitoring of Biocides in German Sewage Treatment Plant Effluents –
First Results

Christiane Meier1, Korinna Pohl1, Maren Ahting1, Ingrid Noeh1, Astrid Thoma2, Frank
Sacher2, Maria Kaiser3, Stephan Fuchs 3
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Due to a widespread use, biocidal active substances and their transformation products are expected to be
found in the environment. Projections show that there will be an increase of biocide entries in the
environment, mainly in urban areas due to an increased use of e.g. disinfectants and especially masonry
preservatives.
Biocidal substances enter the environment through numerous entry pathways. One main entry path is
through sewage treatment plants (STP). Therefore, the German Environment Agency (UBA) initiated a
project where the effluent of 29 public STPs from all over Germany will be investigated over a period of one
year, starting in November 2017. Additionally, selected samples from influents as well as from sewage
sludges will be in the focus. Using a prioritisation concept for biocides a list, ranking substances that enter
the environment through the STP-pathway, was generated. The list was judged by experts and finally, for
this project 23 biocidal active substances or transformation products were chosen for analysis. First results
show that several substances can be detected at measurable concentrations in the effluents.
This ongoing project will provide better knowledge about the fate and behavior of biocides entering the
environment through public STPs. It will give us a time dependent picture of the environmental pollution
by biocides in Germany through urban STPs and will also show possible fields of action for regulatory
purposes.
Keywords: Biocides; sewage treatment plant; waste water treatment plant; monitoring; environment;
Germany

Presence of UV filters in Australian Wastewaters
Elissa O’Malley 1, Jake O’Brien 1, Jochen Mueller 1
1
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UV filters are emerging contaminants that are highly used in personal care products and are released into
the environment through effluent as well as direct wash off. Due to environmental concerns it is of interest
to investigate the loads of UV filters entering and being released from wastewater treatment plants.
Numerous international studies have detected a range of UV filters, the most commonly investigated and
detected compounds are BP3, octocrylene, 4MBC and BP4 found at concentrations up to 1.92, 6.97, 2.70
and 4.31 ug L-1 respectively in effluent. Concentrations of each compound vary widely between treatment
plants dependent upon location, population, flow and treatment processes. These studies commonly
focused on calculating removal efficiencies which can be highly variable within and between UV filters. The
presence of UV filters is particularly relevant in Australia due to high, year round use of products such as
sunscreen. Currently, knowledge on the presence of UV filters in Australian wastewater and environmental
waters is very limited. In this study we measured per-capita loads of UV filters in influent and effluent from
32 wastewater treatment plants around Australia using LC-MS/MS. The most commonly detected UV filters
were BP3, BP4 and PBSA. The study aims to estimate mass loads of UV filters entering and released from
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wastewater treatment plants and furthermore, calculate removal efficiencies. These results are compared
to those found internationally and will provide much needed insight into the potential risk of UV filters to
the Australian environment.
Keywords - UV filters, wastewater, Australia, LC-MS/MS

A novel non-targeted approach for identifying emerging contaminants in
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Queensland Alliance for Environmental Health Sciences (QAEHS), The University of Queensland, Brisbane,
Australia, 2Norwegian Institute for Water Research (NIVA), Oslo, Norway Email: j.obrien2@uq.edu.au
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Wastewater is a source for many emerging environmental contaminants. As such, being able to identify
emerging contaminants in wastewater is of particular importance if removal/control strategies are to be
implemented. In recent years, developments in high resolution accurate mass spectrometry (HRMS)
technology has meant HRMS analysis is becoming the method of choice for both identifying and quantifying
environmental relevant chemicals within wastewater even at ultra-trace concentrations. The current
limitation of HRMS is that the acquired data files are huge and are computationally complex to interpret. In
this project we evaluated a novel HRMS data processing technique to investigate potentially emerging
environmental contaminants from wastewater sourced from multiple wastewater treatment plants across
Australia.
Keywords - HRMS, wastewater, non-target, emerging contaminants

Haven’t you herd? Mathematical Models of antimicrobial resistance in
the dairy farm waste water environment.
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The presence of antimicrobial resistant (AMR) bacteria and antibiotic resistant genes (ARGs) is often
regarded as a sign of anthropogenic environmental contamination. Despite the fact that over 50% of
medically important antibiotics are used on livestock, we do not currently understand the impact that
agricultural antibiotic use has on the environmental resistome, and little mathematical modelling work has
been done to aid our understanding.
Mathematical modelling is an important tool for gaining understanding into complex real-world problems;
it can be used to identify knowledge gaps and data requirements and replace extensive real-world testing
with accurate and fast simulations.
Dairy slurry tanks store farm wastewater which includes bovine faeces and urine, parlour washings and
foot-bath contents. After storage, the slurry is spread on to both human and animal food crops. As both
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ARGs and antibiotics are excreted by cows, the slurry tank is potentially a breeding ground for AMR bacteria
and a source of AMR and ARGs into the environment. As conducting full-scale experiments with slurry tanks
on working farms is potentially very difficult (and messy), mathematical modelling allows us to explore the
extent of the risk posed by agricultural antibiotic use and the spreading of slurry onto crops.
This presentation will explore existing mathematical models of antimicrobial resistance in agriculture and
address the importance of including environmental and process factors within modelling. This will be
followed by an in-depth discussion of the development of a new ordinary differential equation model of
antimicrobial resistance dairy slurry. This model predicts the evolution of resistant bacteria in the slurry
tank in the presence of both bacteriolytic and bacteriostatic antibiotics. It provides potential insight into
which processes most influence the prevalence and spread of AMR. Lastly, knowledge gaps and
opportunities for data collection and further modelling will be identified.
Keywords - Antimicrobial resistance; agriculture; risk; modelling

Adsorption of pharmaceuticals from ultra-pure water and wastewater
onto granular activated carbon produced from an industrial residue
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Pharmaceuticals are one of the most relevant groups of emerging contaminants, being widely present in
aquatic environment. They have been detected in concentrations ranging from ng L-1 to µg L-1 which can
cause harmful effects in aquatic systems. The main cause for the presence of these compounds in the
aquatic environment is the incapacity of wastewater treatment plants (WWTPs) to remove these
pollutants, due to the inexistence of tertiary treatment processes (high cost treatments) and the
ineffectiveness of the existent treatments. The adsorptive removal of these pollutants is a feasible option
that avoids the generation of hazardous transformation products. In this sense, the use of granular
activated carbons (GAC) as adsorbents is very attractive since GAC are very versatile adsorbents,
presenting the possibility of reusing in several cycles. Hence, in this work, a GAC was produced using
primary paper mill sludge as raw material and ammonium lignosulfonate as binder agent. Such a
production is advantageous since it does not involve associated costs to the starting materials alongside
with the valorization and management of paper mill sludge. The produced GAC (PSA-PA) was tested in
adsorption studies, under batch mode and in ultra-pure and waste water matrices, for three
pharmaceuticals from different classes: the antiepileptic carbamazepine (CBZ), the antibiotic
sulfamethoxazole (SMX), and the antidepressant paroxetine (PAR). The same studies were performed
with a commercially available GAC from Norit (GACN) for comparison purposes. PSA-PA and GACN were
characterized and showed similar physicochemical properties; however, PSA-PA presented lower
adsorption capacities for the pharmaceuticals here considered. Also, the performance of both GACs
worsened in wastewater matrices as compared with ultra-pure water. In conclusion, this study represents
a step forward in the use of cellulosic industrial residues as alternative precursors to produce carbon
adsorbents for application in fixed-bed systems for water treatment.
Keywords - carbamazepine, sulfamethoxazole, paroxetine, primary paper mill sludge, granular activated
carbon
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Retention soil filters (RSF) are a specific configuration of constructed wetlands for the treatment of rain
water and/or waste water. We have tested 3 pilot RSFs to investigate removal of dissolved organic carbon
(DOC) and 14 different organic micropollutants (OMP) from real sewage treatment plant (STP) effluent.
Two of them were operated as conventional RSF with material from two different full-scale RSFs. The
third column contained filter material (sand with CaCO3) with additional biochar in the upper layer (0-10
cm) and granulated activated carbon (GAC) in the lower layer (60-90 cm). The filters were planted with
Phragmites australis.
The RSFs were operated and monitored for three years, and water samples were taken regularly at inflow,
outflows and in three depths within the filters. In total 523 samples were taken. Best median removal in
the conventional RSF was detected for galaxolide, diclofenac 4-hydroxy, metoprolol and clarithromycin
(75–79%). The DOC and OMP removal in the conventional RSFs increased in time; for DOC and metoprolol
from 21% and 46% respectively in the first winter of operation to 36% and 87% in the third winter. No
removal was seen for sulfamethoxazole and carbamazepine. Only 4 of the 14 OMPs could be detected in
the effluent of the RSF with GAC and only metformin with removal < 80%, thus showing a more efficient
removal than the conventional RSF. A decrease in DOC removal was detected in the GAC layer (> 88% to
60%) over the 3 years of operation. However, a final statement on saturation and life time of GAC cannot
be made yet.
To conclude, our study demonstrates that an RSF with GAC shows an enhanced removal of OMPs, which is
a suitable post treatment step for STPs.
Keywords - Retention soil filter, constructed wetlands, granular activated carbon, micropollutants,
wastewater treatment, post treatment

Platinum Group Elements Mobility in the Urban Road Environments
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Platinum (Pt), palladium (Pd) and rhodium (Rh) (platinum-group elements; PGE) are rare metals with
excellent catalytic activity, used in automotive catalytic converters to catalyse the harmful emissions from
exhaust fumes. Due to the wide use of PGE in the car industry and the continuous increase of their emissions
in the environment, these elements can nowadays be considered as emerging contaminants and tracers of
automobile contamination. The objective of this study is to assess the mobility of PGE associated particles
from the converters in contact with natural complexing agents. The study was conducted on three
converter samples with three age kilometres; catalyst A with 40 000 km, catalyst B with 130 000 km and
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catalyst C with 370 000 km. Chemical characterization of converters is done by a triple quadrupole ICPMS/MS (Agilent 8900) after a microwave digestion using HNO3/HCl, associated with a scanning electron
microscopy (SEM-EDX) study in order to characterize the chemistry/morphology of the catalyst surface. To
assess the mobility of PGE particles, batch experiments were carried out in different environmentallyrelevant aqueous mediums (runoff water, citric acid and L-cysteine solutions) under different pH conditions.
Pt and Pd were the major elements respectively in more and less-aged converters. These results are in line
with the preferred usage of Pd in converters in recent years. SEM-EDX study of catalyst show the dispersion
of individual PGE nanoparticles associated with Al/Si and C-rich particles. Mobilization studies show that
road runoff water can mobilize PGE in a range of 0.2-1.7 %. Otherwise, L-cysteine and citric acid mediums
can release more PGE, respectively up to 10% and 54% of Rh, 4% of Pd and 0.4% of Pt from the converters.
A complementary SEM-EDX study of the leachate samples is currently being carried out to determine the
chemical properties of soluble-mobilized PGE.
Keywords - urban environment; emerging contaminants; Platinum Group Elements (PGE); automotive
catalytic converters; mobilization; SEM-EDX observations

Environmental contaminants in Detroit waterbodies: effects on zebrafish
Tracie Baker, 1,2 Danielle Meyer1,2, Emily Crofts1, Jeremiah Shields1 and Bridget Baker1,3
Institute of Environmental Health Sciences; 2 Department of Pharmacology, School of Medicine; 3 Division
of Laboratory Animal Resources, Wayne State University, Detroit, MI, USA
1

Scientific and public concern is growing in response to ongoing reports of contaminants of emerging
concern (CECs) and endocrine-disrupting chemicals (EDCs) in waterways due to potential effects on
human and wildlife health. These chemicals include pharmaceutical, personal care, agricultural, and
industrial byproducts that enter waterways via effluent, runoff, aging infrastructure, and inadequate
wastewater treatment plants. Within the Great Lakes – St. Lawrence Seaway, the Detroit River is one of
43 contaminated sites designated as an Area of Concern, but nonetheless a source of drinking water for
nearly 4 million people, the hub of >30% of Michigan’s fishing effort, and home to important habitats,
including the Detroit River International Wildlife Refuge. The use of zebrafish (Danio rerio) is
advantageous for approaching such complex concerns and systems because they have short generation
time, and large numbers of synchronously developing fish can easily be obtained and kept over
generations, thus allowing the collection of a large amount of data in a relatively short timeframe.
Furthermore, zebrafish are accepted by the National Institutes of Health as a model for human disease. In
this study, we investigate the effect(s) of early developmental or chronic exposure of zebrafish to raw
water from the Detroit River at the Great Lakes Water Authority Water Works Park Pilot Plant in
controlled experiments. We are evaluating changes in embryonic development, behavior, reproductive
capacity, sex ratio, offspring survival, transcriptome, and epigenome. Additionally, we are analyzing water
samples at several sites in the Lake St. Clair – Detroit River corridor for CECs and EDCs, then evaluating
similar endpoints in zebrafish exposed to these chemicals in the laboratory at environmentally-relevant
levels, either singly or in mixtures. This multi-pronged approach has implications for local human and fish
health, water treatment/sewage infrastructure, remediation and restoration efforts, natural resource
management, public education, and community revitalization.
Keywords - zebrafish, endocrine-disrupting chemicals, urban, surface water, reproduction
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We conducted a city-wide monitoring to investigate the occurrence and fate of pharmaceuticals and
personal care products (PPCPs) in seven wastewater treatment plants (WWTPs) in Xiamen, China. Both
dissolved PPCPs in the influent and effluent, and adsorbed PPCPs onto the sludge and suspended solids
were analyzed to provide the mass loads and mass balance analysis in the wastewater treatment processes.
Network analysis was applied to study the PPCP co-occurrence. Results showed that PPCPs were widely
detected in the influent, effluent and sludge samples in both the dissolved or adsorbed forms. The cooccurrence of PPCPs was widely observed, which was probably due to their similar usage or similar
physicochemical properties. The present result suggested that some specific PPCPs have the potential as
indicators or surrogate compounds to indicate the other PPCP levels, which could reduce the number of
targeted PPCPs. Strong spatial variations were observed, where the PPCP mass loads per inhabitant were
positively correlated with the urbanization levels. Both the removal efficiencies of dissolved PPCPs from the
aqueous phase and mass loss proportion of the total PPCPs were evaluated. Results showed that the lack
of information on the bound PPCPs residues on sludge and suspended solids, especially for those with large
loads may lead to an overestimation or underestimation of PPCP removal. Overall, a measured total amount
of 8500 g PPCPs entered the seven WWTPs daily via influent with 6640 g in the dissolved form, while 3450
g left the WWTPs (1160 g via effluent and 2290 g via excess sludge). The large mass loads of antibiotics in
the sludge and effluents indicated their potential adverse effects to the receiving environment.
Keywords - PPCPs; co-occurrence; mass balance; temporal and spatial variations
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Nanoparticles (NPs) can undergo transformations in environmental media such as domestic wastewater,
leading to an alteration in behavior and toxicity that may differ from their pristine counterparts. The overall
goal of this study was to elucidate the behavior of Ag and TiO2 NPs during biological wastewater treatment,
and investigate the subsequent effects of transformed particles relative to their pristine counterparts. A

38

laboratory-scale wastewater treatment system was established and combined with a battery of
ecotoxicological assays and characterization techniques. The system was based on activated sludge
treatment with a pre-denitrification system and fed with synthetic wastewater spiked daily with 10 µg Ag
NPs/L (PVP coated, 25 nm, nanoComposix) and 100 µg TiO2 NPs/L (5 nm, NM-101, JRC) over a period of 5
weeks. Effluent samples and samples from all reactors were collected weekly and analyzed by sequential
filtration and ICP-MS to determine the NP fractionation and partitioning. Transmission electron microscopy
and sp-ICP-MS were performed on selected samples. The effects of transformed particles present in the
effluents were assessed using a battery of bioassays including freshwater and marine algae (growth
inhibition, reactive oxygen species -ROS- formation), crustaceans and in vitro models of relevance for NP
toxicity assessment (RTgill-W1 cell line, metabolic activity, epithelial integrity, ROS formation, gene
expression). The observed effects were organism-dependent, with bottom feeding organisms and algae
being more sensitive, while the in vitro model offered a useful tool for the assessment of environmental
samples. The data generated from the continuous-flow operation of the system and the batch experiments
will be used to model the fate and the removal of NPs, hence complementing the complementing the in
vivo / in vitro ecotoxicological models. Through a relevant exposure scenario, this study adds useful pieces
to our still fragmentary understanding of the environmental fate of weathered NPs.
Keywords - nanomaterials; transformation; wastewater treatment processes; effects; ecotoxicology
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The white-tailed sea eagle (Haliaeetus albicilla) is an avian apex predator ecologically situated on the
interface between the marine and terrestrial environment. Its ecological plasticity makes it able to be roam
widespread in northern Europe, though residing there at its ecophysiological border. Moreover, the above
described ecological characteristics render this species vulnerable to many environmental stressors,
amongst which chronic exposure to a plethora of legacy persistent organic pollutants, such as
polychlorinated biphenyls, organochlorinated pesticides and brominated and fluorinated compounds, as
well as currently non-restricted flame retardants, all anthropogenic compounds documented to elicit
adverse health effects such as oxidative stress and endocrine disorders. However, our knowledge on the
exact impact of these anthropogenic contaminants within the reality of multiple-stressor context are very
limited. Unravelling the exposome, however, may in fact provide clarity as this approach is defined as the
sum of all exposures from conception onwards, including those from lifestyle, diet and the environment.
Therefore, our aim is to chemically characterize the exposome in white-tailed sea eagles in a multiple
stressor framework.
We have obtained plasma from 307 white-tailed eagle nestlings in Fennoscandia, focused on the Baltic Sea
and the Norwegian coast, during 2014-2017. We will analyze the plasma extracts by liquid-chromatography
ultra-high resolution Orbitrap mass spectrometry and apply an advanced data post-processing workflow to
identify emerging pollutants and chemically characterize the exposome. The created data will complement
the already existing data on exposure to legacy persistent organic pollutants as well as heavy metals, dietary
habits, and clinical health.
Keywords -exposome; LC-UHRMS; emerging pollutants; plasma; multiple stressors; white-tailed sea eagle.
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Air monitoring of organic pollutants in the Great Lake Basin (GLB) was initiated in the 1990s in support of
the Canada-US Great Lakes Water Quality Agreement and to assess effectiveness of source reduction
measures and factors influencing air concentrations. Temporal and spatial trends of polybrominated
diphenyl ethers (PBDEs) and several other non-PBDE halogenated flame retardants (HFRs) collected
between 2005 and 2014 at three GLB sites with different geographical characteristics (Burnt Island, Egbert
and Point Petre) using high-volume air samplers were examined. BDE-47, BDE-99, and BDE-209 were the
dominant PBDE congeners found. For the non-PBDE HFRs, allyl 2,4,6-tribromophenyl ether (TBP-AE),
hexabromobenzene (HBBz), pentabromotoluene (PBT), anti-dechlorane plus (anti-DDC-CO) and syndechlorane plus (syn-DDC-CO) were frequently detected. High atmospheric concentrations of PBDEs were
found at the Egbert site with a larger population, while lower levels of PBDEs were detected at Point Petre,
which is close to urban centers where control measures are in place. Atmospheric PBDE concentrations are
decreasing slowly, with half-lives in the range of 2-16 years. Faster declining trends of PBDEs were observed
at Point Petre rather than at Burnt Island. As Point Petre is closer to urban centers, faster declining trends
may reflect the phase out of technical BDE mixtures in urban centers while long-range atmospheric
transport influences the air concentrations at Burnt Island. The levels of syn-DDC-CO and anti-DDC-CO are
decreasing at Point Petre and the levels of other non-PBDE HFRs such as TBP-AE, PBT and HBBz are
increasing. Long-term declining trends of PBDEs suggest that regulatory efforts was effective but
continuous measurements are required to gain a better understanding of the trends of HFRs in the GLB.
Keywords: Halogenated flame retardants; air samples, Great Lakes; temporal trends; spatial trends; halflife

Emerging issues in human biomonitoring for populations in the Arctic: a
Canadian perspective
Jennifer C. Gibson1
1

Health Canada, Ottawa, Ontario, Canada, jennifer.gibson@canada.ca

Over twenty-five years of human biomonitoring in the Arctic have shown the impacts of long range
transport of contaminants of concern on Arctic populations. Recent reports show that certain populations
are now experiencing a decline in body burdens of certain contaminants such as mercury, lead and
persistent organic pollutants (POPs). However, historical contaminants of concern will not be the only
ones to impact human health in the Arctic. Human biomonitoring in the Arctic will be influenced by
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emerging chemicals, new methods to measure chemicals, novel interdisciplinary studies and stronger
relationships between researchers and communities.
Several studies have attempted to predict which contaminants will be of concern next in the Arctic based
on chemical and physical properties as well as known risk factors for existing Arctic contaminants of
concern, e.g., persistence, bioaccumulative potential, long range transport characteristics. Combining the
results of these studies showed little overlap between the models, but four of the ranked lists agreed on
seven chemicals of potential Arctic concern. Cross referencing recent Arctic environmental monitoring
results with these predictions produced a list of 32 contaminants which appeared in at least one study
species relevant to traditional diets. This approach could provide a basis upon which to prioritize future
contaminants for analysis in human biomonitoring in the Arctic.
Other aspects of human biomonitoring in the Arctic are also changing, including ethical and cultural
considerations such as data ownership and self-determination, as well as the impacts of climate change.
This project aims to present emerging contaminants of potential concern for human health, based on
environmental monitoring and modelling work. As well, developing methodologies are reviewed which
may support the creation of new and informative measures of human health. These results will inform
possible future directions for human biomonitoring and health effects studies in the Arctic.
Keywords - arctic, human, biomonitoring, emerging, POPs

Intrinsic chemical processes in ice and its impact on cold region.
-Enhanced removal of pollutants in iceKitae Kim1,2, Hyo-Bang Moon3, Junho Jeon4
Korea Polar Research Institute (KOPRI), Incheon 21990, Korea (ktkim@kopri.re.kr), 2Department of Polar
Sciences, University of Science and Technology, Incheon 21990, Korea (ktkim@kopri.re.kr), 3Hanyang
University, Ansan 15588, Republic of Korea (hbmoon@hanyang.ac.kr), 4Changwon National University,
Changwon 51140, Korea (jjh0208@changwon.ac.kr)
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Ice is ubiquitous in nature and provides a place for chemical reaction. According to Arrhenius’s equation,
chemical processes take place slowly when temperature decreases. However, several chemical
transformations are accelerated by freezing. Takenaka et. al. reported that the NO2- oxidation to NO3- in the
presence of O2 which is very slow reaction in aqueous solution was significantly accelerated (appx. 105
times) by freezing. Freeze Concentration Effect (when solution is solidified the existed organic/inorganic
compounds are separated from ice crystals and highly concentrated in unfrozen part or ice grain boundaries
in ice) is regarded as main driving force for the accelerated processes in ice. In this talk, we want to introduce
enhanced chemical reactions with laboratory experimental results and will focus on the accelerated
removal of toxic heavy metals and organic pollutants by freezing. The detailed experimental conditions and
mechanism will be discussed in the presentation. This result provides the insight about the fate of
contaminants in icy environments.
Keywords – Ice chemistry, freeze concentration effect, contaminants in polar region, self-purification
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Gas/particle partitioning for selected polybrominated diphenyl ethers
(PBDEs) in Arctic atmosphere
Yi-Fan Li, Nan-Qi Ren, Zi-Feng Zhang, Li-Yan Liu, Wei-Wei Song, Wan-Li Ma
International Joint Research Center for Arctic Environment and Ecosystem (IJRC-AEE)/International Joint
Research Center for Persistent Toxic Substances (IJRC-PTS), School of Environment, Harbin Institute of
Technology, Harbin, 150090, China
The process of gas/particle (G/P) partitioning of semi-volatile organic compounds (SVOCs), such as
polybrominated diphenyl ethers (PBDEs), is important in governing their atmospheric fate and long-range
atmospheric transport potential. Both subcooled liquid vapor pressure (PL) and octanol–air partition
coefficient (KOA) are widely used as descriptors to predict G/P partitioning behavior of SVOCs. Recently,
we established a steady state-based, not equilibrium-based, equation to describe the G/P partitioning
quotient (KP) (Li et al., 2015), in which, two threshold values of logKOA, logKOA1 and logKOA2, which divide
the range of logKOA into three domains: equilibrium, non-equilibrium, and maximum partition domains.
Accordingly, two threshold values of temperature t, tTH1 when logKOA = logKOA1 and tTH2 when logKOA =
logKOA2, were identified, which divide the range of temperature also into the same three domains for each
BDE congener. We predicted the existence of the maximum partition domain (the values of logKPS reach a
maximum constant of -1.53) that every PBDE congener can reach when logKOA ≥ logKOA2, or t ≤ tTH2. The
values of PL and KOA at any environmentally relevant temperature are available for all 209 PBDE congeners
(Yang et al., 2018), which provides an equivalence for using either of the two as a descriptor. In the
present study, we investigate the G/P partitioning behavior for commonly measured 9 PBDE congeners,
BDE-17, -28, -47, -99, -100, -153, -154, -183, and -209 in Arctic atmosphere with ambient temperatures
from 0 to -50oC. It was found that the four PBDE congeners, BDE-153, -154, -183, and -209, have the
identical G/P partitioning behavior in the Arctic atmosphere, with their values of logKPS equal to a
constant of -1.53.
Keywords - PBDEs; Gas/particle partition; Arctic; Atmosphere; Steady state

Assessment of microplastic concentrations in human stool – Preliminary
results of a prospective study
Bettina Liebmann1, Sebastian Köppel1, Philipp Königshofer2, Theresa Bucsics2, Thomas
Reiberger2 and Philipp Schwabl2
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There is plenty of evidence that small plastic debris with a size of 5 mm and below is present in the oceans
and in our fresh water systems (rivers, lakes). Significant amounts of microplastic have been detected in
animals such as tuna, lobster and shrimp, and can potentially be transferred to humans via food as well.
Usually the highest plastic concentrations in animals are found in the gastro-intestinal tract. Yet absorption
of plastic particles occurs, as particles with sizes up to 150 μm have been detected within the blood stream,
the lymphatic system and the liver of various mammals. Even though human data on this topic is scarce,
scientists and governments are concerned about microplastic in food and warn against a potential health
impact on humans.
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The primary aim of this prospective study is to investigate whether microplastic residues are detectable in
human stool, since there are no reports available in literature. The presence of microplastic will be
characterized in 9 stool samples from different geographic regions. The secondary aim is to adapt the
sample preparation procedures for microplastic analysis in order to facilitate microplastic quantification in
stool.
We will present the study design, and describe sample pre-treatment and microplastic identification by FTIR micro-spectroscopy. We will provide insight into our first results of microplastics in human stool samples
and draw conclusions for further work.
The study (EK-Nr. 1866/2017) was approved by the ethics committee of the Medical University of Vienna.
Keywords - microplastics, human feces, FT-IR micro-spectroscopy, human study

The small stuff matters – establishing the most suitable method to extract
microplastics from oyster tissue
Christina Thiele *, Chris Hauton, Andrea Russell, Antony Jensen and Malcolm Hudson
University of Southampton, Southampton, Hampshire, United Kingdom
*
C.J.Thiele@soton.ac.uk
Microplastic concentrations in bivalves are of concern to human health. No established protocol for
extractions of microplastics from bivalve tissue exists. The suitability of different existing digestion protocols
(H2O2, KOH, Proteinase-K and Trypsin) was established for the Pacific oyster Magallana gigas. Ingestion and
particle retention in M. gigas is greatest for particles 5 - 12 µm (Ropertab & Goulletquerc 2000: Aquaculture
181:171); therefore, the aim was to extract particles to single-digit micrometre size as smaller particles are
likely to carry more risk to human health (Wright and Kelly 2017: Environ. Sci. Techol. 51:6634).
Digestion efficacies (n = 3) and recovery rates (n = 4) were established. For recovery rates, tissues were
dosed with a range of microplastics (fragments, microfibre & microsheets) created from consumer products
of different polymers. Validation of the most suitable method was performed by establishing digestion
efficacies for tissues of the European flat oyster Ostrea edulis and Manila clam Venerupis philippinarum.
Only KOH digested tissues sufficiently for filtration with five µm membranes. Trypsin, for example, was only
filterable through 63-µm mesh. In line with efficacies for other biological tissues, digestion efficacy of KOH
on oyster tissue was >95 %. Such efficacy allows for visual inspection of filters for potential microplastics
without the hindrance of undigested materials. Recovery rate was 0 % for rayon fibres and averaged 87.5
% for the remaining polymers. This is lower than recovery rates published in the literature. Potential
damage to polymers through reagents and losses owed to sample handling during extraction will be
discussed.
This study identifies digestion of bivalve tissue with 10 % KOH as a suitable extraction method for
microplastics. It further highlights the need for thorough rinsing of glassware to allow for transfer of
particles to the filter.
Keywords - microplastics; extraction method; oysters; polymers
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Microplastics in intertidal sediments – is NaCl flotation a suitable method
to recover microfibres, microsheets and microfragments?
Christina Thiele *, Chris Hauton, Andrea Russell, Antony Jensen and Malcolm Hudson
University of Southampton, Southampton, Hampshire, United Kingdom
*
C.J.Thiele@soton.ac.uk
Sediment has been analysed for microplastic concentrations ever since Thompson et al. (2004; Science
304:838). This and numerous studies since extracted microplastics through density separation flotation
with NaCl. To date, this method has rarely been validated through dosing samples with microplastic
particles. In those cases, cleaned sediment and a limited number of different types of microplastic were
used. Intertidal sediment from two locations were dosed with 10 different types of microplastic, including
five types of synthetic and semi-synthetic microfibre, and recovery rates were assessed. Saturated NaCl
solution was added to 50 ml of sediment, containers shaken and left to stand. Supernatant was recovered
and filtered using Whatman grade 4. The flotation step was repeated three times. Blanks were run alongside
to account for microplastic contamination in environmental samples and in the reagent. Water blanks were
included to assess the possibility of transfer of microplastics between samples during the filtration process.
Moreover, dosed NaCl solution was included to assess theoretical recoverability of microplastics without
environmental samples. Total and individual polymer recovery rates will be reported. Overall, PS fragments,
PP microfibres and LDPE microsheets had highest recovery rates. The use of environmental samples allowed
assessment of the suitability of density separation with NaCl since organic matter content of sediments
might influence filtration success. The results show variable recovery rates of microplastics in intertidal
sediment through NaCl flotation. Running samples with added reference microplastics alongside
extractions is recommended to assess possible underreporting of microplastic concentrations.
Keywords - microplastics; extraction method; intertidal sediment; polymers

Microplastics in a Canadian water system: Implications for Niagara
(Ontario) ecosystems and wastewater infrastructure.
Emily R. Ham 1, Michael F.J. Pisaric1,2
Brock University Department of Earth Science, St. Catharines, Ontario, Canada, eh13cq@brocku.ca;
Brock University Department of Geography, St. Catharines, Ontario, Canada, mpisaric@brocku.ca.
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Plastics are now ubiquitous in aquatic and terrestrial environments throughout the world. Undoubtedly,
plastics are entering Southern Ontario water systems as well; entering as microplastics derived from
household products. Moreover, wastewater treatment plants (WWTPs) are not equipped to filter out these
small particles. These microplastics are known to enter aquatic systems with the untreated municipal
influent and exiting with the treated effluent, easily making their way into water bodies where they can be
taken up by aquatic organisms. Furthermore, wastewater sludge is applied to agricultural fields throughout
the Niagara Region (Ontario, Canada) between May and November, thus, microplastics may be making their
way onto agricultural lands where runoff can transport microplastics in the sludge applied to fields into
adjacent water bodies. The main objectives of this study are: (1) to determine the prevalence of
microplastics in the Niagara wastewater treatment system and different pathways for microplastic pollution
in urban areas; (2) to determine if microplastics are concentrated in sludge from WWTPs which is then
applied to agricultural fields throughout the region; (3) to determine if microplastics are finding their way
into local streams and creeks, via runoff from adjacent agricultural fields and effluent discharge; and (4) to
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determine if microplastics are taken up by benthic macroinvertebrates. Preliminary results from a Niagara
WWTP yielded an average influent count of 46 particles per litre, and an average sludge count of 30
microplastics per 25 grams. Forty effluent samples will be processed and enumerated in January 2018. A
Manta trawl will be employed seasonally on local waterways upstream and downstream of WWTP effluent
discharge to quantify tributary microplastic contamination. Furthermore, soil samples from local
agricultural fields will be collected and examined for microplastics in April 2018, as well as benthic
macroinvertebrate sampling to see if macroinvertebrate communities are responding to plastic
contamination.
Keywords – microplastics, wastewater, agriculture, effluent, benthic macroinvertebrates.

First temporal study of coastal litter in an Icelandic town heavily impacted
by fishing and tourism
Graeme Durovich1, Pernilla Carlsson1,2
University Centre of the Westfjords, Ísafjörður, Iceland, graeme16@uw.is; 2Norwegian Institute for
Water Research, Tromsø, Norway.
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The ubiquity of litter, particularly plastics, in the marine environment has gained increasing attention and
concern from scientists, governments and society as a whole, due to its health, economic and aesthetic
impacts. We present the first temporal study of macro-litter in Iceland and a detailed survey on the
characteristics and dynamics of coastal and urban litter in Ísafjörður, a small Icelandic village heavily
impacted by tourism during summer. All visible litter within two beach transects was sampled several
times a week in April-August. One transect was a sandy beach and the other was the inland side of a rock
armor seawall. Litter in the beach transect was tidally replenished and affected by storm events and
prevailing winds, while the occurrence of litter within the inland transect was low once the initial presampling period was completed. The most prevalent material of sampled items in both transects were
plastics (sandy beach: 78.9%; armor: 66.2%), and the most common identifiable sources were from
fisheries and boating (40.8% of all items within the beach transect) and packaging related to inhabitants
and tourists (30.3% of all inland transect items). Five percent of the litter was related to the local, nontreated sewage outlets. Based on these findings, it appears the rock armor seawall acts to some degree
as a barrier preventing urban litter from entering the marine environment. Thus annual cleanups
following the summer tourism season and prior to the winter storms could have a positive mitigation
effect and also prevent the macro-plastic from entering the ocean, eventually degrading to micro-plastic.
As a wastewater treatment system is not currently economically feasible, community education measures
are vital, particularly to reach newcomers and tourists. Such measurements will be presented and are
relevant for other small communities that see high population increases (tourism) during a short time
period.
Marine plastic; Iceland; sewage; local pollution; Arctic, artistic work for scientific communication
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Pilot survey to evaluate the presence and elimination of microplastics in a
drinking water treatment plant
M. Rosa Boleda1, Rubèn Ballesteros2, Meritxell Minoves1, Miguel Velázquez2, Jordi
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The consumption of plastics in the European Union was of 57 million tonnes in 2013 and has increased
progressively over the years (Plastics Europe, 2017). Today, the contamination derived from plastic
represents a global threat and a matter of political, social and health concern. Recent studies have shown
that small plastic particles of sizes between 1 μm and 5 mm, called microplastics, are widely distributed in
the environment and can reach drinking water. The presence of microplastics in drinking water can
represent a source of this new type of contaminants to humans, and thus, needs to be monitored.
The analysis of microplastics in drinking water represents an analytical challenge because: (i) the
concentrations expected are very low and thus high volumes need to be preconcentrated; (ii) blank
contribution can affect the measurement of especially sizes < 300 µm and (iii) the identification and
categorization of the type of plastic fibers or beads need sophisticated instrumentation.
The objective of the present study is to develop and implement a new method to determine microplastics
from 5 mm to 1 µm in a large Drinking Water Treatment Plant near Barcelona, including inlet river waters
and the different treatment steps to final treated water. In this work, the sampling methodology was
developed to allow in situ analysis of water through meshes of 5, 3.5, 1, 0.3, 0.02 and 0.001 mm. Then, the
digestion protocol and the identification procedure using Attenuated Total Reflection (ATR) was optimized
and plastic fragments were identified according to pure spectra of plastic polymers and a home built
spectral database containing different plastic products or blends. Finally, the methodology was applied to
assess the levels and types of microplastics in the Drinking Water Treatment Plant.

Release of textual microplastic fibres in machine washing and tumble
drying
Markus Sillanpää1 and Minna Sepponen 1
1

Finnish Environment Institute, Laboratory Centre, Helsinki, Finland, markus.sillanpaa@ymparisto.fi

Microplastics are widely spread in the environment, but their sources are not well known. The objective
of this study is to quantify the emission values of synthetic textile fibers discharged from sequential
machine washings and tumble dryings. Six different types of synthetic fabrics were investigated: four
types of polyester textiles (two fleece fabrics, one softshell fabric and technical sport t-shirt), one
technical sport t-shirt of polyamide and one jersey of polyacryl. All the fabrics were new/unused and they
were separately treated in five sequential washing-drying cycles. The three replicate samples from total
washing water was filtrated and subsequently analysed gravimetrically and under an optical microscopy
for the determination of the mass and number of microplastic fibres released from each washing. The
fibres released in the tumble drier were collected after each drying and their masses were determined.
The number and mass of microfibers released from test garments in the first wash varied in the range
1.0x105 to 6.3x106 kg-1, and 0.038 to 0.22 % w/w, respectively. The corresponding mass range in the first
drying was 0.001 to 0.17% w/w. Fibre emissions showed a decreasing trend both in sequential washes
and dryings. On a mass basis, only the fleece fabrics discharged more fibres in tumble drying than in
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machine washings. These emission values indicate that the microplastic fibres released from synthetic
textiles are a remarkable source of small microplastics. For the further studies, sampling and analytical
methods have to be developed in order to quantify these small microplastic fibres in the wastewater
treatment plants and various environments.
Keywords - microplastic; polyester; polyamide; polyacryl; washing machine; tumble drier

Are microplastics a vector for organic pollutants widespread?
For example, PAHs.
Mireia Singla 1,2, Francesc Broto1, Salvador Borrós 2.
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Pollution by plastic debris in the oceans is an increasing environmental concern because with the pass of
the years the plastics are degraded giving small sized particles. Micrometer sized plastics (500 µm to few
micrometers) are numerically abundant and widespread across the world’s ocean surface. The main
concern is that the fragments of plastics could contain pollutants, such as polycyclic aromatic hydrocarbons
(PAHs), coming from the manufacture or adsorbed from sea water through sorption processes. As the size
of microplastics is very similar to plankton, marine organisms do not difference between the two of them
during their alimentation and introduce them into the trophic chain. Therefore, the goal of this project
evolves around the determination of those plastics which present a higher pollutant-affinity. Thus, we
developed and optimized a method to determine the adsorption of organic pollutants on the most common
used microplastics (PET, PP, PS and PE). To do so, PAHs pollutants have been analyzed using
chromatographic techniques. We determined the amount of pollutant adsorbed to the different type of
microplastics and the structure-related differences in its absorption. This study will be applied to real
samples collected (filters with microplastics retained) during the Barcelona World Race 2015 from different
points of the oceans where the regatta boat sails, giving evidence of the concerns associated with the
presence of microplastics in the seawater.
Keywords - microplastics; pollutants; PAHs; gas chromatography; mass spectrometry.

The influence of aging processes on the sorption behaviour of microplastic
Thorben Vockenberg 1, Thomas Wichard 2, Patrick Braeutigam 1
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Due to a manifold of possible applications and a simple production the sales volume of polymeric materials
is constantly increasing. With rising production the amount of plastics entering the environment
uncontrolled is growing as well. The risks and effects of the particles, especially below 5 mm, the so called
microplastic (MP), are still unknown. Previous investigations indicate a sorption of hydrophobic
contaminants onto the surface of MP. Factors influencing this sorption can be parameters of the
surrounding fluid, like pH, temperature and salinity, but also parameters regarding the contaminant as well
as the plastic itself. Based on the different crystalline structure of the polymer, the sorption of organic
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contaminants on LDPE (low density polyethylene) is higher compared to that of HDPE (high density
polyethylene). During aging/weathering of environmental MP through sunlight, hydrolysis or mechanical
abrasion the surface of these particles is modified. As part of our submission we will present the influence
of different aging processes (UV-light, mechanical abrasion and combined processes) on the sorption
behaviour of MP. The change of the molecular structure of the polymers during aging was characterized by
elemental analysis and IR spectroscopy. Several materials (e.g. HDPE, LDPE, PLA) were tested with different
N-containing contaminants (e.g. Diphenylamine, Aniline, Carbamazepine). By using deuterized variants of
these molecules we were able to quantify the amount of sorbed contaminants via UHPLC-ESI-MS.
Furthermore, it was possible to determine significant changes in the sorption behaviour comparing virgin
MP to differently aged particles. A description of the results was carried out by comparing the material of
MP to log KOW of contaminants and by deducing kinetic models and distribution coefficients.
Keywords - Microplastic - sorption; sorption behaviour; aging process; degradation; organic pollutants

Sulfamethoxazole biodegradation in a fixed bed anaerobic reactor with
polyurethane foam as support material: focus on the identification of the
transformation products
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Among the emerging microcontaminants, antimicrobial compounds cause great concern related to the
development of resistance genes in bacteria. In addition, during sewage treatment, antibiotics are generally
partially degraded, generating metabolites that may be more toxic than parent compounds. Thus, the
identification of these transformation products (TPs) plays an important role in the environmental and
public health context. The antibiotic sulfamethoxazole (SMX) is widely used in human and veterinary
medicine, and is among the most frequently detected in the aquatic environment. The application of fixedbed bioreactors as alternative for the anaerobic treatment of domestic wastewater presents some
advantages such as its ability to maintain high solids retention time; low content of suspended solids
effluent; and the biofilm formation can increase the resistance to toxic compounds. Polyurethane foam has
been widely studied for diverse applications as a support matrix to immobilize anaerobic biomass,
promoting excellent conditions for anaerobic growth and adhesion. In this study batch, biodegradation
assays were performed employing immobilized polyurethane foam matrices (diameter - 0.8cm, height 1.2cm) from a bench-scale anaerobic packed bed reactor fed with synthetic wastewater, simulating
domestic sewage. The assay was carried out in closed flasks with the following conditions: 72h, 125 rpm,
30°C, 1.0 gTVS.g-1foam, 5 mgSMX.L-1. Control flasks were employed - without antibiotic; without biomass
(abiotic effect); with inactivated biomass in NaN3 (sorption effect). The analysis strategy for the TPs
employed a sample preparation through the SPE technique, separation of high efficiency in LC detection by
MS with QTRAP and QqToF type analyzers. Three TPs were identified: m/z 254.0585 which is an isomer of
SMX, m/z 256.0747 corresponding to the product having the opening of the isoxazole ring and the
hydroxylated by-product of m/z 270.094. All TPs showed changes in the isoxazole ring and no changes were
observed in the aniline ring.
Keyword - Fixed Bed Reactor, Polyurethane foam, Sulfamethoxazole, Transformation Products.
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for the determination of PBDEs and their metabolites in fish tissues and
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Environmental health has been repeatedly compromised by persistent organic pollutants, which may have
serious effects on food safety and, thus, on public health. Among them, polybrominated diphenyl ethers
(PBDEs), together with their biologically active metabolites, have been increasingly studied in seafood, the
main known route of human exposure. Consequently, a large number of analytical approaches to accurately
determine minor amounts of these contaminants in complex matrices, like seafood, have been developed.
However, the majority of these analytical procedures is organic solvent-assisted, time-consuming,
expensive, and leads to high organic solvent disposal, thereby causing additional damage to the
environment.
In this study, an environmental-friendly technique is presented for the quantification of seven PBDEs and
eight methoxylated PBDEs in fish tissues and feed, using a simple Quick, Easy, Cheap, Efficient, Rugged and
Safe (QuEChERS) extraction, followed by a dispersive-solid phase extraction (dSPE) clean-up. The method
was developed for white seabream (Diplodus sargus) muscle and liver and fish feed, comprising three
ranges of lipid contents. Instrumental analyses were performed on an Agilent Technologies 7890B GC
system coupled to a 7000C GC/MS Triple Quadrupole, operating on both negative chemical ionization mode
and electron impact mode.
Statistical validation revealed a large linear working range, while both repeatability and intermediate
precision presented low RSDs (<15%). Accuracy was tested by recovery assays and analysis of a standard
reference material (salmon muscle), with highly satisfactory results on both (80-115%). The average
calculated Method Detection Limits (MDLs) ranged from 0.03 μg/kg to 2.00 μg/kg, depending on the tested
matrix. Globally, this method proved to be effective and versatile for routine analysis of seafood materials
with diversified lipid contents. Moreover, it resulted in a substantial reduction in total analysis time and
organic solvent consumption, without compromising sensitivity and robustness, thus embracing the green
chemistry requirements.
Keywords - Environmental contaminants; Method validation; PBDEs; Metabolites; Fish; Feed

Risk assessment of mycotoxins as emerging contaminants in agricultural
landscapes: zearalenone as a case study.
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Mycotoxins are produced by various fungal species living on agricultural crops. Runoff from farmland has
been highlighted as one of the main inputs of mycotoxins into freshwater environments. The oestrogenic
mycotoxin zearalenone (ZON) has been frequently measured in environmental samples, levels in streams
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and lakes across the US, Poland and Switzerland range from 0.7 – 96 ng ZON/L. While there have been
several studies addressing the health risks of mycotoxins in contaminated diets for finfish aquaculture,
there is a general lack of information on the wider health risks posed by zearalenone to freshwater
organisms. Therefore a series of microplate ecotoxicity studies have been conducted, adapted from OECD
test guidelines using freshwater plants and invertebrates (including a macrophyte Lemna minor,
microalgae Pseudokirchneriella subcapitata, crustacean Daphnia pulex and mollusc Lymnaea stagnalis), to
assess the hazard of zearalenone to freshwater organisms. Effect values generated have been
supplemented with recent published zebrafish data for hazard assessment purposes. Overall, the current
data suggest mollusc embryos and microalgae are the most sensitive during acute studies with EC50 values
of 330 µg ZON/L (mollusc embryo survival after 7d) and 760 µg ZON/L (algal growth after 72h). Published
studies reported toxicity to zebrafish at much lower values, with a 21d fish reproduction LOEC of 100 ng
ZON/L and 140d growth LOEC of 320 ng ZON/L. In context of the reported environmental levels, the
chronic toxicity values for zebrafish begin to approach the highest concentrations of zearalenone
reported, values found here for plants and invertebrates suggest a higher tolerance than fish. In
conclusion, these studies suggest a chronic NOEC in fish of 320 ng ZON/L and Predicted No-Effect
Concentration of 3.2 ng ZON/L. Further work is recommended to establish long term NOECs and PNECs
for mycotoxins as an important group of emerging chemicals in freshwater environments
Keywords - Emerging chemical, fungal toxin, risk assessment

Can vacuum-assisted evaporative pre-concentration of water samples
replace traditional SPE prior to environmental organic trace analysis?
Jonas Mechelke 1,2, Philip Longree 1, Heinz Singer 1, Juliane Hollender 1,2
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Solid-phase extraction (SPE) is state-of-the-art for the pre-concentration of water samples prior to trace
analysis of organic contaminants in water samples using liquid chromatography (high-resolution) mass
spectrometry. Several pitfalls are inherent to this technique, such as break-through of analytes during
sample loading, unwanted elution of anlaytes during the washing step, insufficient elution of analytes
from the SPE cartridge, sorption of analytes to bleeding sorbent material, and the loss of (semi)volatile
analytes during drying or nitrogen blow-down.
Vacuum-assisted evaporation, as an alternative approach for the pre-concentration of water samples, was
tested and validated for the enrichment of 690 organic substances in surface water and wastewater. The
selection of substances was based on emerging environmental relevance, occurrence in the aquatic
environment, and physicochemical properties. After 100 µL of the pre-concentrated samples were
injected directly on a polar liquid chromatography column, detection was achieved by high-resolution
tandem mass spectrometry. Evaporation recoveries, quantification limits, accuracy and precision were
determined and compared to a more established method using a SPE approach. Evaporation followed by
Large Volume Injection outperforms traditional SPE by lower LOQs and better reproducibility at lower
labor costs and is therefore the method of choice particularly for non-volatile polar organic compounds.
Keywords - sample enrichment; sample preparation; analyte loss; organic trace analysis; SPE;
micropollutants

50

Are biocide emissions into the environment already at alarming levels?
Recommendations of the German Environment Agency (UBA) for an
approach to study the impact of biocides on the environment
Korinna Pohl1, Christiane Meier1, Maren Ahting1 and Ingrid Noeh1
German Environment Agency (UBA), Dessau-Roßlau, Germany, korinna.pohl@uba.de,
christiane.meier@uba.de, maren.ahting@uba.de, ingrid.noeh@uba.de
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More than 40,000 biocidal products were registered on the German market, including disinfectants,
preservatives, pest control and antifouling products. All biocides act as intended on living organisms and
the use of these biocides can result in alarming impacts on the environment. This has already been
confirmed by individual findings of only a few substances, particularly in surface water. However, a
comprehensive picture of the actual pollution of the environment with biocides – one that goes beyond
such individual findings – is not available, since there is no biocide-oriented, systematic environmental
monitoring in Germany to date. To tackle this problem, the German Environment Agency (UBA) has
developed recommendations for an environmental measuring programme for biocides based on the results
of a research project and two international workshops. These recommendations contain a prioritization
concept for biocidal substances as well as a proposal for a systematic monitoring programme. At first, we
established a database containing information relevant for the environmental risk assessment according to
the Guidance on Biocidal Products Regulation (BPR) for all biocidal substances currently available on the
market. A multi-criteria prioritization approach was applied to prioritize substances based on their 1)
emission relevance, 2) environmental effect data, and 3) environmental persistence. Thereby creating lists
of high-prioritised biocidal substances and relevant transformation products that are of particular concern
for the environment. Instead of monitoring individual environmental compartments, our approach aims at
monitoring the entry pathway of relevant biocidal substances. Therefore, we developed different entry
path scenarios (work packages), which represent the different use pattern and entry paths of particular
biocidal products. Based on the obtained prioritised substances and the different entry paths a systematic
monitoring strategy is suggested for a German wide inventory of biocides in the environment. This will
provide on one hand better knowledge about the fate and behavior of biocidal substances of concern and
their impact on the environment. On the other hand, these monitoring data could help to support a more
comprehensive risk assessment of biocides by providing a basis for risk mitigation measures or for the
exclusion and substitution of environmentally hazardous active substances.
Biocides; environment; prioritisation concept; monitoring measuring programme
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Protecting the sources of our drinking water: A revised proposal for
implementing criteria and an assessment procedure to identify
Persistent, Mobile and Toxic (PMT) and very Persistent, very Mobile
(vPvM) substances registered under REACH
Ivo Schliebner1, Hans Peter Arp2, Sarah Hale2, Daniel Sättler1, Lena Vierke1, Michael
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In the last decade the fate and behaviour of polar substances in the environment has been investigated
both scientifically and from a regulatory perspective. The finding is that their intrinsic hazard potential is
maximised if they are at the same time persistent in the environment and mobile in the water cycle. Once
emitted, these substances remain in the aquatic environment and the contamination is irreversible. If in
addition they also fulfil the properties of being toxic they can pose a serious human health threat. Here
we proposes criteria and an assessment procedure to identify chemicals that are persistent in the
environment, mobile in the water cycle and toxic to human health (PMT) or are very persistent in the
environment and very mobile and very mobile in the water cycle (vPvM) registered under the EU
regulation REACH (EC No 1907/2006). The implementation of proposed criteria and the assessment
procedure would bring benefit to industry, water suppliers, academia, authorities and society.
Annex XIII of REACH defines criteria for the assessment of persistent, bioaccumulative and toxic (PBT) or
very persistent and very bioaccumulative (vPvB) substances. We propose to use the same persistency in
the environment criteria in a PMT/vPvM assessment. Our proposed criteria for mobility in the aquatic
environment takes into account a minimum water solubility and the potential for adsorption of a
substance (logKOC, or logDOW, if log KOW is not available). For toxicity we propose to use the same criteria as
in the PBT assessment and to add criteria that specifically address concerns for chronic exposure of the
general population via drinking water. These additional include carcinogenic category 2, cell mutagenic
category 2, effects on lactation, endocrine disruption and a Derived-No-Adverse-Effect-Level (DNEL) of ≤ 9
μg/kg/d (oral, long term, general population).

Evidence of emerging marine biotoxins on the Bulgarian Black Sea coast
Mona Stancheva1, Zlatina Peteva1, Bernd Krock2, Stanislava Georgieva1, Lubomir
Makedonski1
Medical University - Varna, Department of Chemistry, 9002 Varna, Bulgaria, mona_stancheva@abv.bg
Alfred Wegener Institute, Helmholz Zentrum für Polar- und Meeresforshung, Chemische Ökologie, 27570
Bremerhaven, Germany, bernd.krock@awi.de
1
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Shellfish farming has become an increasingly important factor in Bulgarian aquaculture in the recent years.
Marine biotoxins, produced by some phytoplankton species, may accumulate in mussels. If contaminated
mussels are consumed by humans, severe illness called shellfish poisoning can be caused. The monitoring
program in Bulgaria is focused on hydrophilic marine toxins in cultivated mussels. Some of the marine
biotoxins are being described by scientists and agencies with the ambiguous term“emerging toxins” for
several reasons including the recent appearance of known toxins in areas where they had not been
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previously described. The aim of this study was to determine the occurrence and variability of some
lipophilic toxins regulated in the EU – pectenotoxins (PTXs) and yessotoxins (YTXs) in plankton, wild and
farmed mussel samples from the Southern Black Sea coast, an important shellfish farming area, in spring
and summer 2017. Determination was performed by liquid chromatograph coupled to tandem mass
spectrometry.
YTXs were detected only in 54% mussel samples and PTX- 2 in 14% of the mussel samples and 50% of the
plankton samples. The toxin content of the mussel samples was beneath the legislative limit.
The occurrence of phycotoxins differed over both space and time. Lowest toxin content appeared in the
sampling stations situated in and around Burgas Bay. In general the toxin content was increasing in the early
summer 2-3fold compared to the beginning of the investigated period. As such data provides evidence for
lipophilic toxins in Bulgarian shellfish and further investigations for the continuing presence of lipophilic
marine toxins in Bulgarian waters are planned.
Keywords- mussels, plankton, lipophilic marine biotoxins, pectenotoxins (PTXs), yessotoxins (YTXs),
Bulgarian Black Sea coast

Contaminants of emerging concern in the marine environment:
Challenges and new options
Victoria Tornero1, Georg Hanke1
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Resources Unit, 21027 Ispra (VA), Italy, victoria.tornero@ec.europa.eu
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While numerous scientific and policy-related activities are in place to safeguard the marine environment,
there are still new or increasing pressures threatening its integrity, health and the services provided to
citizens. The timely identification of these emerging pressures is crucial in order to implement measures to
prevent, mitigate or eliminate their sources.
Chemical pollution is one of the pressures of greatest concern for the marine ecosystem. Over 137 million
chemical substances appear in the Chemical Abstracts Service Registry and new substances are added each
day. Assessing the vast number of contaminants that might occur in the marine environment is, obviously,
unfeasible and identifying the most relevant ones poses substantial challenge for managers and researchers
all around the world. Several lists of priority chemicals have been developed through joint efforts at
international level, European Regulations and through scientific research work. However, these lists are
usually limited to a few substances of concern and differ considerably between major marine monitoring
programmes and frameworks. Besides those priority, regulated chemicals, environmental monitoring has
not been required for many other substances and there are still major information gaps about their
occurrence in the marine environment and potential effects. Yet, in last years, researchers and regulatory
frameworks have started to collect data and identify a growing number of emerging contaminants. It is,
therefore, necessary to find an effective way to account for this constantly increasing number of potential
contaminants and incorporate the most significant substances into future regulation if necessary.
This work summarizes strategies in place to identify emerging contaminants in the marine environment in
order to provide recommendations for harmonizing approaches in European marine waters. This should
foster collaboration among scientific and policy frameworks and support regulatory processes, principally
the protection of the marine environment from chemical pollution under the Marine strategy Framework
Directive (MSFD).
Keywords – emerging contaminants; marine environment; MSFD
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A new SPME-GC/MS-MS method for the analysis of “alternative”
plasticizers from drinking water
Anca-Maria Tugulea1, Cariton Kubwabo, Joan Hnatiw, Ron Strathern
Environmental Health Science and Research Bureau; Health Canada - Santé Canada
New, “alternative”, plasticizers introduced by industry to replace the ones that are now regulated, have
been demonstrated to raise human toxicity concerns of their own. Exposure data, including drinking water
exposure data, for these emerging contaminants are needed for human risk assessment. Efficient sampling
and analysis methods are required to enable the collection of such data during large-scale drinking water
surveys. Solid phase microextraction coupled with gas chromatography-tandem mass spectroscopy (SPMEGC/MS-MS) has been used before for the analysis of phthalates from natural water and bottled water. A
new SPME-GC/MS-MS method for the analysis of “alternative” plasticizers from drinking water and drinking
water sources is presented here. The method includes field sampling, sample stabilization requirements
and performance, sample extraction and concentration using a CombiPAL autosampler in direct immersion
SPME mode. The analysis was done by gas chromatography/tandem mass spectrometry (GC/EI-MS/MS)
and allows, to date, the quantification of 7 “alternative” plasticizers with a variety of chemical structures
(dibutyladipate, dioctylsebacate, acetyl tributylcitrate, di(2-propylheptyl) phthalate, dioctylterephthalate,
benzyl 3-isobutyryloxy-1-isopropyl-2,2-dimethylpropyl and trioctyltrimellitate), with method detection
limits (MDLs) in the ng/L range. Due to the wide variation of the partition coefficients and the boiling points
of the analytes included, each sample is extracted and analysed three times: on the 7µm PDMS fibre-with
10% salt addition, and on the 30µm PDMS fibre with and without salt addition. The variety of extraction
conditions used (fibre selection, salting regime, desorption time/temperature) allows for the addition of
other related compounds in the future. Treated drinking waters (containing chlorine or chloramine
residuals) and their respective water sources from six Canadian water treatment systems were analysed
using the new method. Results and method performance are reported. The method uses a reduced sample
volume (100 mL), is automated, environmentally friendly (solventless) and will enable quicker and more
cost effective exposure data collection during drinking water surveys.
Keywords - alternative plasticizers; solid phase microextraction; gas chromatography; tandem mass
spectroscopy; drinking water;
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contaminants in wastewater
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As the number of chemicals of emerging concern (CECs) increases, so does the need for rapid
identification and quantification of these chemicals in often complex sample matrices. High resolution
mass spectrometry (HRMS) coupled to either liquid or gas chromatography has become the leading
analytical instrumentation for analysis of CECs in different environmental matrices. Such analysis allows
for either target analysis (where spectra and retention time are known), suspect analysis (where some
information of the analytes in the sample are known) or nontarget analysis (where there is no prior
knowledge of the analytes in the sample) to be conducted. Due to the size and complexity of HRMS data,
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processing of data is computationally intensive. Therefore, in this study we present a cloud based
platform for the analysis of HRMS data using a novel alternative prioritization strategy known as Statistical
Variable Selection where apex detection algorithms are combined with F-ratio statistical variable selection
in order to perform prioritization in data sets produced via HRMS. When combined with a digital
repository of HRMS chromatograms from environmental samples, it is envisaged that this can be used as
a tool for early warning of emerging contaminants.
Keywords - HRMS, non-target, emerging contaminants

Transformation product formation in drinking water treatment
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Transformation products (TPs) are formed in the water cycle through both biological and technological
processes. Despite the TPs potentially increased toxicity compared to their parent compounds,
transformation processes are not routinely monitored, and in particular those induced by drinking water
treatment remain elusive. This lack of information is mainly due to the technical challenges in analysing TPs,
which are often unknown, polar compounds occurring in low concentrations. Their analysis thus requires
non-target high-resolution tandem mass spectrometry (HR MS/MS) methods combined with novel data
analysis approaches and toxicological risk assessment. Here, we addressed the challenges of TP analysis and
the scarcity of TP research concerning studies in drinking water in particular, building on the insights gained
from previous work. We assessed the relevance of transformation products for the drinking water sector
through interviews with the concerned parties. Based on the sector’s reported needs, we then performed
a lab-scale pilot to monitor TP formation of the three organic micropollutants carbamazepine, clofibric acid
and metolachlor during the rapid sand filtration and ozonation, two readily applied biotic and abiotic
drinking water treatments, respectively. The experimental results show that degradation of the parent
compounds and TP formation are treatment and compound specific. In silico TP prediction and literature
mining significantly facilitate TP identification, yet a number of TPs remains structurally unidentified, and
for the majority of identified TPs toxicological risk assessment is missing.
Keywords - transformation products, HR MS/MS, non-target analysis, drinking water.

Nontarget GC×GC-QToF-MS analysis of sediment samples from
Copenhagen, Denmark
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Analytical Chemistry Group, Department of Plant & Environmental Sciences, University of Copenhagen,
Copenhagen, Denmark. 2 Institute of Chemistry, University of Campinas, Campinas, Brazil. jsl@plen.ku.dk
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Sediments are sinks for various anthropogenic pollutants. Traditionally, gas chromatography-mass
spectrometry (GC-MS) is employed for the identification of specific nonpolar contaminants in sediment
samples. Yet, the analysis is limited in resolution and is better fit for the analysis of target analytes. In this
study, a comprehensive two-dimensional GC (GC×GC)-high-resolution (HR) MS method was developed for
the characterization of pollution patterns and sources in sediment samples from Copenhagen waters.
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Sample extraction included two-stage pressurized liquid extraction (PLE) with polar (1) and nonpolar (2)
solvent mixtures. Sample preparation and chemical analysis of the nonpolar fraction were validated for
more than 50 target analytes that are suspected to potentially be found in sediments. Removal of elemental
sulphur compounds and omitting the removal of the former are shown.
The chemical fingerprints describing the samples were evaluated using pixels-based analysis and
chemometrics. Initially, the raw base peak chromatograms were pre-processed to correct retention time
shifts and concentration discrepancies among the samples due to the sample preparation. The most
relevant compounds within their chemical fingerprints that distinguish the samples (nontarget analysis)
were obtained using Principal Component Analysis (PCA), in which tentative identifications of the
aforementioned were done using MS-libraries. Oil components such as alkanes or alkylated-PAHs,
halogenated organic compounds such as PCBs, fluorinated and brominated compounds but also natural
contaminants such as terpenes were identified.
Keywords - GC×GC-QTOF-MS, lake sediments, principal component analysis, Copenhagen, nontarget
workflow

Sorption Behavior of Surfactants in Biosolids Amended Soil Revealed by
Fourier Transform Ion Cyclotron Resonance Mass Spectrometry
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Persistent anthropogenic waste compounds, including anionic surfactants such as linear alkylbenzyl
sulfonates (LAS), have been identified in biosolids, biosolids-amended soils, and the resultant runoff,
generating concern over their fate, transport, and toxicity. In biosolids-amended soils, anionic surfactant
interactions with clay minerals and mineral-associated organic matter could influence their fate and
transport. Accordingly, when several surfactant-like series were detected by Fourier transform ion
cyclotron resonance mass spectrometry (FT-ICR MS) in a sorption study involving Fe(III)-enriched
montmorillonite and dissolved organic matter (DOM) extracted from composted biosolids, we also studied
the sorption behavior of the surfactant-like series, which were tentatively identified as LAS, known
metabolites of LAS, and other anionic surfactants. In general, the surfactant-like series were more abundant
in the DOM solution than the mineral-sorbed organic matter, suggesting that interactions with clay minerals
and mineral-associated organic matter have limited effects on their fate and transport in biosolidsamended soils. This implies that biosolids-derived anionic surfactants may be transported through soils
after irrigation or precipitation, potentially affecting soil and water quality.
Keyword - biosolids, FT-ICR MS, anionic surfactants, linear alkylbenzyl sulfonates
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To avoid predators in the aquatic environment, Daphnia exhibit a negative phototactic response to light
stimuli. Histaminergic neurons have been identified in Daphnia, and have been suggested to play an active
role in this behavior (McCoole et al. 2011). Other monoamines, such as serotonin, have also been reported
to modulate phototactic behavior in crustacea (Perrot-Minnot et al. 2013), and may also alter Daphnid
phototactic response. Copper has also been reported to modify phototactic behavior, but the mechanism
for this interaction is not well defined. In this study we explore changes in phototactic behavior when
Daphnia magna are exposed to the emerging contaminant, fluoxetine, a serotonin reuptake inhibitor, and
copper. We find significant (P<0.05) reduction in the phototactic response of Daphnia magna in solutions
with 10µM fluoxetine or 0.1 µM copper.
Fast-scan cyclic voltammetry (FSCV) with carbon fiber microelectrodes was used to quantify
neurotransmitter responses in real-time to light-stimuli (10 sec) in the brain of D. magna. To our knowledge,
this is the first-time neurotransmitter release has been measured in D. magna. During light stimulation, the
electrochemical response observed in D. magna by FSCV was indicative of histamine and serotonin release.
This response rapidly (~10s) decreased to pre-stimulus levels once light exposure ceased. We then
determined if copper could alter neurotransmitter release during periods of light stimulation. Following 30
min exposure to 0.1 µM copper, there was a significant (P<0.001) decrease in neurotransmitter response
by D. magna clones (n=6) during light stimuli. The suppression of neurotransmitter response observed
following copper exposure was consistent with decreased phototactic behavior observed in the presence
of copper. Results from this study suggest that complex mixtures of contaminants (e.g., antihistamines,
antidepressants, and trace metals such as copper) may significantly affect the behavior of aquatic organisms
necessary for survival.
Keywords - Daphnia magna; aquatic toxicology; histamine; serotonin

Are environmental sterols precursors for endocrine disrupting chemicals?
Thorsten Klaus Otto Gravert, Lars Hestbjerg Hansen and Martin Hansen
Aarhus University, Department of Environmental Science, Roskilde, Denmark, thgr@envs.ku.dk
Endocrine disrupting chemicals (EDCs) and their environmental effects have almost exclusively been
attributed to chemical pollution from human activities. But are EDCs also formed naturally in ecosystems,
or do they only form naturally in human-impacted ecosystems? EDCs can cause adverse health effect for
humans, and domestic and wildlife species. Especially when interfering with the endocrine system during
sensitive stages of the life cycle. We tested if natural substances, such as sterols originating from man-made
agroecosystems, act as molecular precursors for potent EDC in the environment. By performing batch
biodegradation and photolysis experiments in soil, we have tested if sterols can be transformed into steroid
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hormones. Transformation products have been extracted via pressurized liquid extraction and analyzed
using liquid chromatography with ultrahigh resolution Orbitrap mass spectrometry. The endocrine
disrupting potency of created steroid hormones was determined using the in vitro aromatase (CYP19) assay.
The CYP19 assay will test if transformed sterols inhibited the conversion of C19 androgens to aromatic C18
estrogenic steroids through human aromatase.
Keywords - EDC, sterols, ultrahigh resolution mass spectrometry, orbitrap, aromatase
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Intensive use and misuse of antibiotics have contributed to the development of antibiotic-resistant bacteria
(ARB), mediated by antibiotic resistance genes (ARGs), which has been recognised as an emerging
contaminant and global health security challenge worldwide (EU 2011, WHO 2015, UN 2016, EU 2017).
Urban wastewater treatment plants (WWTPs), reported as antibiotic resistance hot spots (Rizzo et al. 2013,
Hembach et al. 2017), have a potential for dissemination of ARB and, as recently demonstrated, cell free
ARGs (Zhang et al. 2018). In urban WWTPs or their discharges, AR genes are potentially horizontally
transferred to other, not yet resistant, bacteria. Thus, mitigation of ARGs emissions in order to control ARGs
spreading has become a high priority. As different water treatment technologies have different effect on
ARGs, methods allowing to verify if treatment remove/reduce the threat of horizontal gene transfer of ARGs
are needed. The goal of this work was to establish methods to monitor (1) removal, (2) damage, and (3)
inactivation of ARGs after water treatment. A small high copy number plasmid (4.0kb) containing resistance
genes for ampicillin and kanamycin was chosen as model genes and vector for horizontal gene transfer.
Detection methods were developed for this model: 1. Removal was measured by a single q-PCR protocol;
2. Damage to the plasmid was measured by a series of q-PCR protocols targeting different size fragments,
showing increased damage sensitivity with increased size; 3. Inactivation was measured by a transformation
protocol: testing whether the ARGs could be expressed in a bacterium (Escherichia coli). Cell free ARGs were
spiked in pure water and treated with either membrane filtration (ultrafiltration; UF) or UV-LED irradiation,
and the established methods were used to assess the performance of these treatment technologies with
respect to ARGs.
Keywords - horizontal gene transfer; (waste)water treatment; transformation; qPCR; methodology; UVLED; membrane treatment;
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For the authorisation of biocidal active substance (a.s.) and products within the European Union, the
evaluation of emissions to the environment is necessary. In case of groundwater, the expected
concentration of the a.s. needs to be assessed according to Guidance on the Biocidal Products Regulation
Vol. IV Environment – Part B+C Assessment and Evaluation. A trigger value of 0.1 µg/L for the predicted
environmental concentration (PECGW) is defined. For PECGW ≥ 0.1 µg/L a refinement with FOCUS PEARL is
required. FOCUS PEARL is a modelling tool to assess the leaching of biocides to groundwater. FOCUS PEARL
is run with nine realistic worst-case FOCUS groundwater scenarios, when assessing the risk for groundwater
contamination resulting from the use of an active substance. Each scenario represents a European climate
zone, defined by ranges of mean annual precipitation and temperature, and a European location, defined
by general soil properties (texture, soil pH, and organic matter content). Collectively, they represent Europe,
for the purpose of an EU-level groundwater risk assessment. For national authorization of biocidal products,
not all FOCUS scenarios need to be safe. Only FOCUS scenarios representing the concerning member state
require PECGW ≤ 0.1 µg/L.
To support the German national biocidal products authorisation, we assessed which FOCUS groundwater
scenarios are relevant. Furthermore, we quantified the proportion of aquifers in Germany covered by the
relevant FOCUS scenarios. We used climate and soil properties characterizing the FOCUS scenarios to map
the distribution of each FOCUS scenario within Germany. When only regarding climate, four FOCUS climate
zones can be found in Germany: Chateaudun, Okehampton, Kremsmünster and Hamburg. With the
exception of mountain areas, most of Germany is covered by these four FOCUS climate zones. In
combination with soil properties, three FOCUS scenarios were identified as relevant to Germany: Hamburg,
Okehampton and Kremsmünster. These three FOCUS scenarios are directly representative of 12% of
Germany.
Keywords - risk assessment, groundwater, leaching, biocide
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The European Union has defined environmental quality standards (EQSs) for priority and priority hazardous
substances (PS) as well as several other pollutants in surface waters. A major pathway for PS emission into
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surface waters is the municipal wastewater treatment plants, storm water outlets and combined sewer
overflows. Significant portion of PS emissions comes from waste water treatment plants.
In order to create a reliable data base for the quantification of municipal wastewater treatment plants
(WWTP) to the overall PS emissions a two phase project was developed. The target of phase one was to
design and test appropriated monitoring strategies and to establish analytical methods, sensitive enough
to produce reliable balancing data. Here an innovative sampling method was developed based on three
WWTPs in the south of Germany in the pass years, which has to be applied now on the large scale. In phase
two 49 plants throughout Germany will be monitored for 12 months following a standardized procedure.
The focus is on the effluent sampling. The sampling follows the established routine at the WWTP producing
first one liter daily composite samples, from which a part is then frozen to compile a 7 day composite
sample. The aim is to take a flow proportional 7 day composite sample. Stainless steel vessels have proven
to be the best compromise, both in terms of ease of use (cleaning, stability) and keeping the samples intact.
The sampling method described is well suited to considerably reduce fluctuations in the analysis results
generated. Further at 5 WWTP inflow and sludge streams are analyzed to assess the overall pollutant
removal efficiency and the contribution of the mechanical and biological processes.
Keywords - Wastewater Treatment Plants; Germany; micropollutants; monitoring campaign; composite
sample

Microbial indicators as affected by soil type and various pharmaceutical
amendments
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Bohemian Research Center of Aquaculture and Biodiversity of Hydrocenoses, Czechia
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2 University

Under current European legislation when only Switzerland is regulating wastewater treatment processes
towards micropollutants removal, it is inevitable that pharmaceuticals will be released to the
environment. So far, it is not clear whether microbial community gets affected by a long-term exposure to
pharmaceutical mixture or solely applied compounds. There are urgent needs for comprehensive
approaches to evaluate the actual state of microbial behavior (in terms of biomass, activity and microbial
community structure) and monitor their rate of changes in different soil types in response to
pharmaceuticals stress. It is crucial to address the use of microorganisms to provide unique information
for monitoring biological condition and rapid identification of environmental risk. Contrarily, little is
known about the role of microbial consortia in biological degradation of pharmaceuticals in soils.
To examine this, we set a soil microcosm experiment with well (carbamazepine, clindamycin,
sulfamethoxazole) and less studied pharmaceuticals (citalopram, fexofenadine, irbesartan) at
environmentally relevant concentration (~1 μg g-1 dry weight soil). Fortified soils (a set of 7 Czech
agricultural soils) were incubated at stable laboratory conditions (20°C, dark, field water holding capacity),
and destructively sampled in sequence of time steps within two months of incubation. The degradation
rates of selected pharmaceuticals as well as the formation of metabolites was determined by means of
LC-HRMS. Changes in soil microbial activity were evaluated from basal and potential respiration by GCTCD. The overall structure of microbial communities in different soils, and thereby a complex qualitative
and quantitative response of microbes to pharmaceuticals addition was determined based on PLFA
analysis. The results and their implications for the environment are under evaluation.
Keywords - pharmaceuticals fate, microbial community structure, PLFA, soil, environmental risk
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Per- and Polyfluoroalkyl substances (PFASs) are a large group of chemicals consisting of carbon chains
surrounded by fluorine atoms. These have been in use since the 1950s in many common household and
industrial products. Concerns about the persistence and bioaccumulation of PFASs have led to
perfluorooctane sulfonic acid (PFOS) listed under the Stockholm Convention, and perfluorooctanoic acid
(PFOA) and perfluorohexane sulfonic acid (PFHxS) under consideration for listing. From as early as the year
2000, the major manufacturer of PFOS ceased production and since this time, there has been an industry
shift towards the production and use of alternative PFASs, including shorter-chain and partially fluorinated
compounds. However there is limited information regarding the chemical identities, uses, environmental
releases and safety of these replacements.
PFASs are typically measured using targeted liquid chromatography/tandem mass spectrometry methods.
However, targeted methods cover only a selection of the most studied PFASs. With an estimated 3000
PFASs currently available on the market, there is immense potential for PFAS contamination to be only
partially characterized. For many of the ‘non-routine’ PFASs, degradation products remain largely
unknown. Non-targeted analysis is becoming increasingly useful to gain a broader understanding of the
presence of chemicals in complex environmental samples.
Leachate from 35 landfills around Australia was sampled and extracted using solid phase extraction. These
samples will be analysed on LC/QTOF, utilizing both data-dependent and data-independent acquisition
methods. Initially, PFAS will be the focus of the data processing and suspect screening, with the aim to build
profiles of PFASs present at each of the landfill sites chosen. Relationships between PFAS profiles and landfill
characteristics will also be examined through the collection of pertinent information in a questionnaire
supplied to participants.
Keywords - Non-target analysis; mass spectrometry; landfill; leachate; perfluoroalkyl substances (PFAS)
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