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Assessment Division; M. Leon Paumen, ExxonMobil Biomedical Sciences / 
ExxonMobil Biomedical Sciences TES Division; K. Jenner, Givaudan; E. Salinas, 
BASF SE / Experimental Ecotoxicology 
An international workshop was held on 2 – 4 November 2016 prior to the SETAC 
World Congress in Orlando, FL to address risk assessment challenges for complex 
mixtures of substances (e.g., multi-constituent substances (MCSs), substances of 
unknown or variable composition, complex reaction products or biological 
materials (UVCBs)). International regulatory frameworks (specifically REACH, 
Canada’s DSL Categorization and Chemicals Management Plan assessments, and 
USEPA’s Premanufacturing Notification (PMN) process) have highlighted the 
complexities of registering, characterizing fate, exposure, hazard and ultimately 
assessing the risk of complex chemical mixtures. Several industrial sectors have 
developed frameworks and methodologies for characterization and analysis of these 
complex substances. This workshop was designed to identify best practices and key 
research needs to support environmental risk assessment. Multi-constituent and 
UVCB substances are comprised of individual constituents which may possess 
different physico-chemical and fate properties, meaning that the environmental risk 
assessment should ideally be based on a constituent approach, i.e., either based on 
groups of constituents with similar environmental fate and toxicity properties or on 
individual constituents that contribute most to the potential hazard and risk of the 
mixture. This approach is challenging for substances that are not well-characterised 
and/or have a significant fraction of “unknown” constituents. The workshop 
participants agreed that there is a need for a succinct, peer-reviewed publication that 
will highlight the current status and needs related to risk assessment for 
difficult-to-test multi component substances. This will include some basic 
discussions of the definitions and scope of substances classified as UVCBs and 
MCSs. In addition, emphasis will be given to evaluation of tiered strategies / 
approaches as well as characterization of uncertainty and variability within the 
various methodologies. Follow-up work, potentially comprised of peer-reviewed 
manuscripts, will focus on highlighting key principles from selected case examples, 
where various approaches were employed and evaluated for specific, real-world 
UVCB and MCS examples. This distillation of principles will help identify 
challenges and needs, and highlight specific research needs, including method 
development, effects-driven approaches, models, and other tools.  
 
548 
Unknown or Variable Composition, Complex reaction products or Biological 
materials and still the same; is this possible? 
E. Vaiopoulou, CONCAWE; K. den Haan, CONCAWE / Petroleum Products & 
Safety; E. Boix, CONCAWE; P.R. Fisk, Saxon House; B. Barnes, S. Summerfield, 
Peter Fisk Associates Limited 
The chemical composition of UVCB substances (Unknown, of Variable 
Composition, Complex reaction products or Biological materials) by definition 
cannot be fully characterised and cannot be represented by unique chemical 
structures. UVCBs pose a challenge to regulation; for example, REACH chemical 
safety assessment depends on an understanding of composition of the substance, 
and the properties of constituents or blocks of constituents. These affect both the 
hazard profile and exposure (and therefore any risk) of the constituents. The 
consideration of the variability of composition of UVCBs has not been adequately 
addressed in guidance. Despite that samples are currently supposed to be 
representative of the same CAS/EC number substance; this is in practice not easy to 
verify. Due to developments in analytical chemistry such as LC-MS and GC-GC, 
the composition of many UVCBs can be established to a degree that could not have 
been envisaged when techniques such as hydrocarbon blocking were put forward. 
Therefore, it is now the case that blocks tend to be based on constituents present and 
representative structures, rather than physicochemical characterisation, which was 
once the case. How can quantification of similarity of UVCBs be achieved? The 
developments in analytical characterisation now enable the consideration of this 
question. Are materials similar enough to be called ‘the same’? Statistical methods 
are needed to address this. The methods need to work for two up to very many 
sample sets. In this work, we report several novel approaches to the statistical 
analysis of the sameness of UVCB or multi-constituent substances, and how the 
outputs of these methods compare to the expert judgement of analysts. The 
approaches presented utilise a variety of methods developed from the principles of 
analysis of variance and the ‘weighted Euclidean distance’. When used, these 
techniques need to be investigated and then calibrated. When analyses of many 
samples of a substance are available, methods such as the calculation of k-mean 
grouping can allow the assessment of whether there are one, several or many groups 
within the samples, and at what level of statistical significance differences are 
found. Petroleum substances are known UVCBs and as such, investigation of their 
properties from an analytical and statistical perspective is an important illustration 
of the new principles that are set out. 
 
549 
Addressing combined toxicity in the environmental risk assessment of 
inorganic UVCBs 
K. Oorts, ARCHE; F. Iaccino, Arche consulting; V. VEROUGSTRAETE, 
Eurometaux / EHS; H. Waeterschoot, Eurometaux 
There is a need to include a generic approach to address combined toxicity when 
assessing multi-metallic substances such as inorganic UVCBs (iUVCBs). Because 

the variability in composition is generally too large, it is not possible to identify a 
set of samples that would be representative and conservative for the hazard 
identification of the iUVCB and hence experimental testing is difficult. For this 
reason, the iUVCBs risk assessment is conducted based on parallel hazard, 
exposure and risk assessments of the constituents. Upon ECHA’s request, 
registrants of iUVCB intermediates committed to improve the the combined 
toxicity assessment part of their REACH registration dossiers. An appropriate 
standard approach to address the combined toxicity of inorganic constituents in a 
regulatory framework is, however, still missing. Most standard approaches yield 
indeed over-conservative results such as risk scenarios at natural background 
concentrations when several metals are combined. Several issues that have been 
adressed in individual metal assessments, reappear when results are combined, e.g. 
dealing with natural background concentrations, essentiality, bioavailability. This 
makes conclusions on a generic combined risk assessment approach, i.e. 
extrapolated to any combination of metals and to all organisms within an 
environmental compartment, challenging. A generic tiered approach has been 
proposed for the environmental risk assessment of iUVCBs. This approach starts 
from the standard concentration addition evaluation based on summation of the 
PEC/PNEC ratios of the individual constituents and includes several options for 
refinement of this standard approach related to either hazard assessment (PNEC), 
exposure assessment (PEC) or the approach for calculating combined toxicity. 
Antagonism due to competition reactions between metals should also be considered 
for combined risk assessment because experimental data show that an additive 
approach is generally over-conservative for metals. In order to address this, a 
review of interactions observed for chronic ecotoxicity studies with metal mixtures 
is being prepared and the potential of modeling metal interactions will be further 
assessed. This presentation will present the outcomes and status of ongoing work 
and learning-lessons of the application of this tiered approach for addressing the 
combined toxicity in a constituents-based environmental risk assessment for some 
typical iUVCBs. 
 
Microplastics, nanoplastics and co-contaminants: Fate, 
effects and risk assessment for biota, the environment and 
human health (III) 
 
550 
Do microplastics contaminate the atmospheric environment? 
S. Wright, Kings College London; F. Festy, Kings College London / Tissue 
Engineering & Biophotonics; F. Kelly, Kings College London / MRC-PHE Centre 
for Environment and Health 
Microplastics - microscopic pieces of degraded plastic litter, or purposefully 
manufactured microbeads - are a pollutant of increasing environmental concern. 
Recently, plastic microfibers were measured in total atmospheric deposition in 
Paris, suggesting they occur in the atmospheric environment. If inhaled, 
microplastics may exert localised particle toxicity by inducing or enhancing an 
existing immune response. Chemical toxicity could arise due to the localised 
leaching of additives or pollutants adsorbed from the environment. However, our 
knowledge of exposure levels is poorly understood. The current study therefore 
aims to investigate whether microplastics are airborne, and assess the level of 
population exposure via two objectives: 1) adapt the Partisol air sampler for use in 
capturing and observing potential ambient microplastics and 2) develop Raman 
microscopy as a technique to detect microplastics directly on air filters. Raman 
microscopy is being optimised in-house to observe and identify potential 
microplastics directly on air filters. Currently, we have determined an optimum 
sampling substrate and size limit of detection against this background. Positive 
controls, consisting of ambient particulate matter spiked with reference plastic 
microbeads, will be analysed to assess detectability against background particles. 
Pilot environmental samples with then be taken. Collected filters will be visually 
analysed by imaging, sizing and classifying suspicious particles using Raman 
microscopy. Additionally, random areas will be scanned in the StreamLine™ 
scanning mode to determine whether observer bias is leading to an underestimation, 
as inconspicuous microplastics may be overlooked when amongst ambient 
particulate matter. The results will consolidate a robust method for sampling and 
analysing airborne microplastics, which can be adopted globally where air quality 
monitoring is performed. Results will also help inform policy, exemplified by the 
recent UK Government microbead ban, and indicate human exposure levels leading 
into future toxicology studies. 
 
551 
What happens to polyethylene in the ocean? 
T.M. Karlsson, University of Gothenburg; I. Jakubowicz, SP / Chemistry, Materials 
and Surfaces; M. Hassellov, University of Gothenburg / Department of Marine 
Sciences 
Plastic pollution is ubiquitous in the ocean and plastic types with a density lighter 
than water have been shown to follow the currents far away from their original 
source. The ocean is however a dynamic system and the particles that enter are 
subjected to biofouling, biotransformation and degradation. All of these processes 
will affect the plastic, both in terms of fragmentation, transportation and fate and 
plastic, also types with lighter densities such as polyethylene which is commonly 
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found in surface samples, could then sink to the seafloor. Polyethylene was in fact 
found at the bottom of the sea already in 1975. A deeper understanding of these 
processes is imperative in order to design relevant monitoring programs and to 
interpret data from field-studies. A mesocosm experiment was therefore set up in 
June 2016 in the Gullmar fjord, Sweden. Polyethylene film without additives was 
pre-degraded to four different levels and added to stainless steel cages hanging in 
the water. Samples were taken every four weeks and analyzed to assess biofouling, 
degradation, fragmentation and changes in density. Already after four weeks the 
samples showed a 21% coverage of biofilm, which had increased to 38% after 8 
weeks. The density increased with degradation and continued to increase 
throughout the tests, also when the biofilm was removed. Tests with FTIR showed 
changes among the carbonyl groups in the material that had been pre-degraded after 
four weeks in the water, it also revealed changes in crystallinity. The results 
indicate that degradation and biofouling will rapidly affect the floating capacity of 
the plastic in coastal areas and highlight the importance of including these factors to 
better interpret field collected samples and to predict the transportation and ultimate 
fate of plastic material in the ocean. 
 
552 
Marine snows: a vector of transport of microplastic to the benthos and its 
biological implications. 
A. Porter, University of Exeter / Biosciences; A. Watts, University of Exeter; B.P. 
Lyons, Cefas Weymouth Laboratory; T.S. Galloway, C. Lewis, University of 
Exeter / Department of Biosciences 
Marine microplastics are so abundant, widespread and impacting on our marine 
environment that they have recently been suggested to represent a planetary 
boundary threat, alongside climate change and ocean acidification, yet our 
understanding of microplastic distributions and impacts remains limited. Whilst 
most of the research focus to date has look at the surface waters studies have shown 
benthic plastics can outweigh surface plastics by 400 times and indeed both deep 
sea sediments and organisms are now being found with microplastics in, including 
buoyant plastic types. We have been investigating marine snows as a potential 
vector for transporting microplastics of differing densities to the benthos. A range 
of plastics with varying forms (fragment, bead and fibre), polymers (PVC, PP, PA, 
PE, PS), and sizes (6 - 3000μm) were incorporated into marine snows using natural 
seawater placed in a tabletop roller. We demonstrate that both positively buoyant 
and negatively buoyant microplastic particles can be incorporated into marine 
snow; altering sinking rates and therefore their partitioning in the water column and 
importantly causing floating plastics to sink. We then tested whether plastics are 
more readily available to benthic filter feeders when incorporated into marine snow 
using a novel 2m feeding chamber to simulate a subtidal environment. We also 
show the incorporation of microplastics into marine snows alters the amount of 
plastics taken up by the filtering feeding mussel Mytilus edulis both through the 
change in sinking rate and in the bioconcentration of plastics within marine snows. 
Mussels were shown to uptake more plastic when incorporated into marine snows 
than when placed with just free plastics. Our work provides novel evidence that 
marine snows are a viable vector for the transport of microplastic pollution from the 
surface waters to the benthos including plastics from the buoyant fraction and this 
mechanism will change the partitioning and uptake of microplastic pollution in the 
water column. 
 
553 
Desorption of organic wastewater contaminants from microplastic particles in 
presence of natural dissolved substances 
S. Seidensticker, G. Fellenberg, University of Tuebingen / Center for Applied 
Geosciences; C. Zarfl, University of Tubingen / Center for Applied Geosciences; P. 
Grathwohl, Uni Tübingen / Center for Applied Geosciences 
Microplastic particles (MP) are ubiquitously detected within all environmental 
compartments. Besides likely impairments due to their mere presence they might 
impact the ecosystem through leaching of additives and facilitated transport of 
contaminants. Several studies showing their potential to take up hydrophobic 
organic contaminants have been published. However, sorption behaviour of 
contaminants to MP in presence of further natural material, e.g. to reflect 
environmental conditions in freshwaters, has been neglected so far. Therefore, this 
study aims to investigate the sorption properties of MP and their changes due to the 
presence of natural occurring sorbents. As representative plastic material, 
polyethylene which is among the most produced and detected plastic types was 
chosen. Humic acid (HA) is a common type of dissolved organic matter and was 
hence used as a typical natural material. Sorption interactions were studied in batch 
experiments with a constant concentration of MP (1 g/L) and different 
concentrations of HA (0, 0.15, 0.25, 0.50, 0.75, 1.00 g/L). MP were previously 
spiked with common wastewater pollutants allowing both to study desorption from 
MP and to monitor sorption to HA in dependence of its concentrations. Samples 
were taken at 12 times from 10 min to 240 h. Log partition coefficients between MP 
and water were 3.98, 4.46, and 3.79 for phenanthrene, tonalide, and 
4-n-nonylphenol (4-n-NP), respectively. The mean log partition coefficients 
between HA and water were, 3.74 for phenanthrene, 3.92 for tonalide, and 4.02 for 
4-n-NP. In equilibrium, increasing amounts of HA go along with a decreasing 
fraction sorbed to MP and a decreasing freely dissolved fraction, but an increasing 
total dissolved fraction. Considering this, the partitioning between MP and water is 

remarkably influenced by the present amount of HA. Further analysis of the 
kinetics revealed a faster desorption from MP but also an extended time to reach 
equilibrium due to enlarged mass transfer. Additional modelling indicated that the 
external mass transfer resistance, i.e. the thickness of the water boundary layer 
around the MP, limited the diffusion if no or small amounts of HA are present. With 
increasing amounts of HA, desorption kinetics was more and more governed by 
intrapolymer diffusion, i.e. the diffusive flux within the MP is decisive. Thus, high 
amounts of HA in freshwaters lead to an increased release of pollutants and, 
however cause a shift towards slower kinetics. 
 
554 
Do microplastics really act as vectors of organic pollutants to marine 
zooplankton? Experiments with pyrene and nonylphenol spiked polyethylene 
using Paracentrotus lividus larvae. 
R. Beiras, Universidade de Vigo / Ecology and Animal Biology; S. Pérez, O. Nieto, 
University of Vigo; N. Salgueiro-González, University of A Coruña 
Previous work has demonstrated the ingestion of microplastics (MPs) by marine 
zooplankton and raised concern about the potential role of MPs as vectors of 
adsorbed non-polar organic toxicants to planktonic filter feeders. We have tested 
this hypothesis using a standard marine toxicity test, the sea-urchin embryo test, 
modified to introduce into the incubation vials and keep in suspension low-density 
polyethylene microparticles of 2 to 20 µm, the appropriate size range to be ingested 
by these organisms. Apart from sea-water and solvent controls, and waterborne 
toxicants, additional treatments include virgin MPs and MPs previously spiked with 
several well known non-polar organic toxicants, including pyrene and 
4-nonylphenol. The experimental set-up included dosage of the toxicants at two 
levels (ca 1/10 x and 1x toxicity threshold for this test species) via both dissolved 
phase and in the presence of MPs. Microscopic observation documented ingestion 
by the presence of larval stomachs filled with MPs. However, in none of the 
experiments up to date the presence of MPs increased the toxicity of the non-polar 
pollutants to these highly sensitive biological models, compared to the waterborne 
treatments. These results do not support any role for MPs as vectors of potentially 
harmful organic pollutants to zooplanktonic organisms. 
 
Increasing the relevance of toxicity assessment in LCA:  in 
the need for a cross fertilization between RA and LCA (II) 
 
555 
Harmonizing human exposure and toxicity characterization 
P. Fantke, Technical University of Denmark / Quantitative Sustainability 
Assessment Division; O. Jolliet, University of Michigan; T.E. McKone, University 
of California / School of Public Health 
The UNEP-SETAC Life Cycle Initiative has launched a project to provide global 
guidance and build consensus on environmental life cycle impact assessment 
(LCIA) indicators. Human health effects from exposure to toxic chemicals was 
selected as impact category due to high relevance of human toxicity impacts, past 
and present efforts in human toxicity assessment, and the need for further 
harmonization and global guidance. To address this need, an expert workshop was 
implemented in Utrecht in October 2016 with the aim of building a roadmap for a 
reliable and consistent approach for improving and harmonizing human toxicity 
characterization in LCIA. Building on initial work for the far-field and indoor air 
environments, and combining it with latest work on near-field consumer and 
occupational exposure assessment, dose-response and severity data, we aim at 
providing revised guidance on the development and use of impact factors for toxic 
chemicals. We propose to couple fate processes in consumer and occupational 
environments with existing environmental compartments and processes via a 
consistent and mass balance-based set of transfer fractions to quantify overall 
aggregated exposure to toxic substances. We propose the product intake fraction 
(PiF) as metric linking human intake via all exposure routes to substance mass in 
products. Further, for fine particulate matter, a constructed integrated 
exposure-response model has recently been proposed and applied to calculate 
marginal and average health impacts, which will serve as starting point for 
improving toxicity dose-response. To go beyond the additivity and linearity 
assumptions and to address essentiality and vulnerability, we propose to account for 
the fraction of population that is above a certain risk threshold for the considered 
disease/mode of action. We finally propose to explore the possibility to expand the 
endpoint coverage beyond cancer and non-cancer and to differentiate between other 
relevant health effects. For attributing severity to mortality (and morbidity) for 
cancer and non-cancer diseases to damage metrics, we will need to identify severity 
weights for population disease incidences expressed as disability-adjusted life years 
(DALY). All aspects for fate and exposure outdoors, consumer and occupational 
exposure, toxicity effects and dose-response, and cross-cutting issues are currently 
being further detailed aiming at arriving at recommended factors and global 
guidance within the next two years. 
 
556 
A method for application-specific human health risk estimation from chemical 
exposure in an LCA context 
T. Rydberg, J. Lexén, C. Loh Lindholm, E. Lundström Belleza, IVL Swedish 
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