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Carbon nanomaterials possess a wide range of remarkable functional properties
outperforming traditional materials, which make them attractive candidates for many
applications. While some fundamental properties of carbon at nanoscale are similar
to those in the bulk carbon (e.g. graphite, carbon black), new phenomena emerge in
fullerenes, graphene and carbon nanotubes as a result of their nanoscale structural
features that should be carefully considered in the technological and environmental
contexts. For example, the curvature of carbon surface decreases in the order
fullerene > carbon nanotube > graphene, and dictates the chemical activity of the
carbon-carbon bonds within the nanostructures, thus providing different reactivities
to these materials and modulating the ways they interact with other molecules,
including the bio-macromolecules.
Furthermore, structural defects formed during the nanocarbons synthesis can persist
during their use in devices and products, which also have profound effects on the
properties that should be taken into account when considering their behaviour in
biological systems. The intrinsic polydispersity (e.g. distribution of sizes) of
nanotubes, nanofibers and different types of graphene create additional challenges
for characterisation of these materials in model experimental systems and for
elucidating their fate in natural environment.

9

Josep Sanchís (Institute of Environmental Assessment and
Water Research (IDAEA), Barcelona, Catalonia, Spain), Marinella Farré (Institute of
Environmental Assessment and Water Research (IDAEA), Barcelona, Catalonia,
Spain), Damià Barceló (Institute of Environmental Assessment and Water Research
(IDAEA), Barcelona, Catalonia, Spain), James W. Readman (Biogeochemistry
Research Centre, University of Plymouth, Plymouth, UK)
Since their discovery in 1985 by Sir Harold W. Kroto and colleagues, fullerenes have
attracted ever-increasing attention and created numerous applications in all fields of
chemistry and physicochemistry (optics, electronics, cosmetics, biomedicine…). As
engineered nanomaterials, fullerenes are expected to be released into the
environment through industrial and urban wastewaters and/or landfills. In addition,
incidental formation of C60-fullerenes from combustion sources has recently been
established in the exhausts of common fuels. Natural emission pathways have also
been hypothesized with various identifications of “fullerene-like” materials in
geological samples. As a consequence of their release, C60s have been detected in
river water, surface sediments and soils as well as on aerosols from the sea
atmosphere. After discharge in the environment, the fate of fullerenes is largely
unexplored. In water bodies, the hydrophobic fullerenes can form stable aqueous
nano-suspensions or adsorb onto particulate matter. Further degradation processes
may involve hydroxylation, oxidation or other surface functionalization but remain
largely speculative to date. However, the natural occurrence of C 60-O derivatives
could be of potential concern as their toxicity remains unknown. It has been shown
that oxygenated by-products of organic compounds can exhibit much higher toxicity
than their parent compounds, e.g. oxygenated polycyclic aromatic hydrocarbons.
In the present work, we developed and validated an analytical method based on
LCHRMS for the quantification of trace levels of fullerenes and their major oxidation
by-products. We also report for the first time the environmental occurrence of
fullerenes and some fullerene-oxides on urban aerosols and in river water. The
conditions of formation of these oxidation products were also investigated.
Incubation experiments were conducted under environmentally realistic conditions to
evaluate the influence of ionic strength, organic matter, pH and exposure to light on
the oxidation of C60-fullerenes.
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High throughput methods for risk assessment are required to cope with the large and
growing number of nanomaterials in production. It is not possible to assess
nanomaterial toxicity by extrapolation from what is known of the corresponding bulk
chemical; the high surface area of nanoparticles relative to their volume influences
their physicochemical properties and tends to increase their reactivity. Nanoparticles
are also better able to penetrate biological membranes – an important aspect of
toxicity assessment.
Damage to DNA, a crucial aspect of toxicity, is most conveniently measured with the
comet assay. Experiments with four common nanomaterials, derived from ZnO,
CeO2, TiO2 and Ag, have demonstrated direct strand breakage as well as oxidative
damage (the latter being detected by digestion with formamidopyrimidine DNA
glycosylase). We found different levels of damage depending on incubation time (3
or 24 h), with in some cases an increase with time and in others a decrease. While
Ag and ZnO nanomaterials were clearly cytotoxic, CeO2 and TiO2 were not; but all
four were capable of damaging DNA.
High throughput toxicity assays, as well as saving cost and time, reduce the effect of
inter-experimental variation, and allow testing over a range of concentrations and
incubation times, using diverse cell types.
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Innovative nanotechnology research aims to develop nanoparticles (NPs) that have
three features: there are Small, Smart and Safe (3S) and thus can improve our
everyday life without affecting negatively our health. In general, the safety evaluation
of NPs is based on principles of risk assessment applied to bulk chemical
substances. However, due to their specific physicochemical properties more
information is needed especially on characterisation of physicochemical properties
and behaviour of NPs in biological system. NPs can interact with cells, pass through
biological membranes and are transported to different organs and tissues. With the
increasing production of NPs it is not possible to investigate the mechanism which
may lead to adverse effects in vivo with all NPs and thus an emphasis is on
developing alternative in vitro tests and high throughput methods following 3R
principle (reduce, refine, and replace animal testing). Existing cell models are useful
but are also faced to many methodological challenges thus may not be sufficient to
fully identify and characterise all the hazards that may be associated with NPs. Due
to high surface energies and high reactivity, NPs tend to form agglomerates and
aggregates, or bind with other moieties. Particle behaviour can be affected by
stabilising or dispersing agents as well as by the composition of the test medium.
Agglomeration, sedimentation, binding with other moieties in the medium, or
adhesion to glass/plastic ware can alter the effective NP concentration during test
performance. The stability of a dispersion is also critical to ensure that the applied
concentration of NP is maintained. Characterisation of NPs, before and during a test,
is therefore crucial to ensure that valid results are obtained. Additionally,
conventional metrics may not be appropriate for NPs and metrics such as number of
particles or surface area should be considered additionally to mass concentration per
volume or cm2.
Endpoints such as cytotoxicity, oxidative stress, inflammation, immunotoxicity,
genotoxicity, and carcinogenicity are appropriate for understanding mode of action of
NPs. However, it is questionable whether they can fully identify and characterise all
the hazards that may be associated with NPs exposure. Different exposure
schedules may be needed, with emphasis on lower chronic and repeated exposures.
For in vitro genotoxicity assessment, DNA damage, gene mutations, chromosome
breakage and/or rearrangements (clastogenicity), and numerical chromosome
aberrations (aneuploidy) should be evaluated.
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The ability of NPs to penetrate cellular and nuclear membranes has added a new
dimension to particle toxicology, and should be always taken into account in in vitro
genotoxicity studies to understand mode of action. New in vitro approaches such as
cell transformation assays, toxicogenomic or epigenetic toxicity may also be useful
for identification of mechanisms of (geno)toxicity and carcinogenicity.
Examples of integrated genotoxicity testing with several metal NPs will be presented.
Supported by EC FP7 NANoREG (NMP4-LA-2013-310584), NRC NorNANoREG
(239199/O70), NANoREG2 (H2020-NMP-2014-2015- 646221), HISENTS (H2020NMP-2015-685817), and ERA-NET EuroNanoMed II GEMNS and INNOCENT
projects.

As there are few examples of human respiratory exposure to substantial
concentrations of manufactured nanomaterials, the information gained from
exposure to an adventitious nanomaterial, diesel exhaust particles, provides a useful
indicator of possible toxicity.
This talk will review some of the results derived from population-based human
epidemiology relating to nanoparticle exposures as well as describing the results of
some in vitro toxicological studies which may throw light upon the relative toxicity of
atmospheric nanoparticles.
Finally, some recent research on the chemical
composition of diesel exhaust particles will be described.
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Long-term experiments in rodents indicate that deposition of long thick multiwalled
carbon nanotubes (MWCNT) are carcinogenic. However,MWCNT vary considerably
in physico-chemical properties which influence MWCNT toxicity. We examined the
effects of eleven well-characterized MWCNT one year after a single intratracheal
instillation in mice of 54 µg MWCNT. Shorter and thinner MWCNT were detected in
agglomerates after one year suggesting biopersistence. Thicker and longer MWCNT
were detected as single fibers. Compared to untreated controls there were no more
fibrosis or tumors in lungs or pleura. Most of the MWCNT induced varying degree of
pulmonary inflammation by lymphocytic and macrophage infiltration and granuloma
formation.
By multiple regression analysis, we identified that the diameter and content of iron
correlated negatively with the histopathological outcome, whereas cobalt content
significantly predicted increased the histopathological changes. No effect of oxygen
content was observed. We conclude that pulmonary deposition of some, but not all
the tested MWCNT caused chronic inflammation. The response could be predicted
by the physicochemical properties. The results contribute with data towards safe-bydesign of MWCNT to reduce human health effects of inhalation.
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Concerns have been expressed that inhaled nanoparticles may behave differently to
larger particles in terms of their deposition, clearance and translocation, with
implications for their toxicity. This is a particular concern in relation to poorly soluble
materials, due to their potential biopersistence. A number of studies have
investigated these issues and there appears a growing consensus that translocation
is low, typically < 1% of lung deposition to key organs. The situation in relation to
lung clearance is unclear, with many studies indicating clearance timescales of the
same order as for micron-sized particles, but a minority suggesting much slower
clearance. However, the majority of such studies have been undertaken using
micron-sized aerosols of agglomerated nanoparticles with limited post-exposure
timescales. There is a shortage of information on deposition, long-term lung
clearance and translocation patterns of inhaled nano-sized particles, and their
dependence on particle size.
To address this a study was undertaken in which Wistar rats were exposed noseonly to aerosols of spark-generated radioactive iridium-192 nanoparticles of four
sizes: 10 nm, 15 nm, 35 nm and 75 nm (count median diameter) .The content of
iridium-192 in the whole animal, organs, tissues, and excreta was measured at
various times post-exposure. Deposition was generally in line with the predictions of
the widely used MPPD model (v2.11), although typically higher, especially for the
smallest particle size. Long-term lung clearance half-times of several hundred days
were found, which were not dependent on particle size. Low levels of, particle size
dependent, translocation to the kidney and liver were found (maximum 0.4% of the
lung content). Laser ablation inductively coupled plasma mass spectrometry analysis
indicated homogeneous iridium distribution in the liver and within the cortex in the
kidney. Slow lung clearance and a pattern of temporally increasing concentrations in
key secondary target organs may have implications for long-term toxicity, especially
in the context of chronic exposures.
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Standardised protocols ensure the quality of nanomaterial toxicity bioassays
conducted in different laboratories for regulatory purposes. Additionally, these
standard tests are also often used in fundamental nanotoxicology research. Often
these research uses are appropriate, however, there are cases where the use of
only standard species, test media and endpoints may miss key phenomena. For
example for studies with metal and metal oxide nanomaterials, the established
standard soil organisms - the earthworm Eisenia fetida, springtail Folsomia candida
and nematode Caenorhabditis elegans - are the most commonly studied species.
However, an overreliance on testing with only these few taxa can hamper the
development of species sensitivity distributions. Similarly, the use of standard test
soils (e.g. LUFA 2.2) provide a constant set of conditions, but can miss the effects of
different soil pH, organic matter content and soil clay composition on nanomaterial
bioavailability.
The classic endpoint measured in standard tests is mortality. Going beyond this
endpoint, evidence is beginning to emerge that metal and metal oxide nanomateirals
can affect other sub-lethal and ecosystem relevant endpoints in ways that can differ
from their metal ion constituents. The active update of nanomateirals though cellular
endocytosis pathways may contribute to these effects. Perhaps the greatest
challenges of interpreting nanomaterial effects from standard tests is the relatively
short-term exposure durations (e.g. 28 days for soil studies) used. Toxicokinetic
studies which provide insight into nanomaterial uptake can provide key information to
understand effect timescales. Further, long-term multi-generational exposure have
been shown to result in the sensitisation of subsequent generations to silver
nanoparticles (and also silver ions) in effect that may be retained even after
exposure ceases. Thus, while short-term tests may be ideal for identification of acute
toxicity, new approaches will be needed to understand long-term effects and their
underlying mechanisms.
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Marine environment has been considered for decades a major sink of anthropogenic
contaminants. Engineered nanomaterials (ENMs) are nowadays used extensively in
a variety of emerging technologies and commercial products and they will inevitably
end up in the marine environment as nanowastes causing a significant ecological
impact from organisms up to ecosystem level. As a consequence of their intrinsic
complexity, the prediction and assessment of ENMs behaviour, exposure and
biological effects represent a current major challenge. ENM environmental
implications are influenced by peculiar features of the particles (e.g. size, shape,
surface charges) and by their interaction with the surrounding media.
An increasing number of short-term, well-controlled laboratory studies have tested
ENM's toxicity on marine organisms and showed a wide variety of potential biological
injuries. Whether ENMs cause similar injuries in the dynamic natural marine
environment is uncertain due to lack of knowledge about complex ecological
interactions/transformations occurring once released in natural seawater. Therefore,
developing tools to predict, estimate and compare short and long-term effects and
risks of ENMs entering the marine environment presents many challenges. For
instance stability and aggregation/agglomeration in sea water can depend on the
size and surface charges of the ENM but are also affected by several sea water
parameters as pH, ionic strength and natural organic matter (NOM). The newly
acquired extrinsic properties of ENMs related to the formation of an eco-corona may
affect consistently their biological activity in terms of biodistribution, cellular uptake
(biokinetics) and ultimate toxicity.
Overall, it is clear that a deeper understanding of such eco-interactions is crucial for
predicting their ecosafety also useful for selecting and designing new ENMs with
minimum adverse impacts. Therefore ecotoxicity coupled with a detailed physicochemical characterization in natural exposure media can be used as suitable tool to
predict both exposure and potential adverse effects in natural marine environment.
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Invertebrates, representing more than 90% of animal species, widespread in
terrestrial, freshwater and marine ecosystems, are emerging as suitable target
organisms as well as models for evaluating the environmental impact of NPs. Once
released in different ecosystems, both NP intrinsic properties (core composition,
surface charge, size, shape, functionalization), and those of the receiving medium
(pH, ionic strength, natural organic matter) will affect particle behavior. In particular,
the interactions with different biomolecules will lead to the formation of ‘eco-coronas’,
that will influence NP bioavailability/uptake/toxicity in different environments,
depending on the organisms present and the surrounding conditions. However, the
evaluation of the biological effects of NPs requires additional understanding of how,
once within the organism, NPs interact at the molecular level with cells in a
physiological environment, i.e. in biological fluids.
In mammals, NPs associate with serum soluble components, organized into a
‘protein corona’, which affects particle interactions with target cells
(internalization/effects). In most invertebrates, the protein composition of body fluids
is largely unknown, given the large diversity of phyla and species, and different
proteins may be involved in the formation of a stable corona around different NPs in
different groups. Recent data on the identification of protein coronas formed by
different types of NPs (amino modified polystyrene-PS NH2 and different nanooxides) in hemolymph serum of the marine bivalve Mytilus will be presented.
The results indicate that, in Mytilus hemolymph, the formation of a hard corona is
partly NP-specific, and that protein binding depends on the net surface charge
retained by the particles in high ionic strength medium. These data underline the
importance of exposure medium in the in vitro screening of NP toxicity in
invertebrates. The role of NP-protein coronas formed by invertebrate species, and
their possible consequences on environmental impact of NPs is discussed.
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Nanoparticles are increasingly used and are entering the marine environment from a
range of sources, often in combination with other anthropogenic contaminants. The
NERC “Trojan Horses” project aims to test the hypothesis that environmentally
relevant carbon based nanoparticles (CNPs) and ubiquitous pollutants [polycyclic
aromatic hydrocarbons, such as benzo(a)pyrene (BaP)], can interact with each other
to differentially modify their potential toxicity. To investigate this hypothesis, mussels
were exposed for 3 days to BaP (5, 50 and 100 µg.L-1) and to two different types of
carbon nanoparticles, [C60 fullerenes and multi-walled carbon nanotubes (MWNTs)]
(0.01, 0.1 and 1 mg.L-1), both alone and in combination with BaP.
Tissue specific distributions and concentrations of CNPs and BaP were determined
in exposed mussels through gill and digestive gland analyses. To enhance the
analytical traceability of these CNPs in biological systems, some nanoparticles were
labelled with rare elements (gold and erbium for nanotubes and fullerenes
respectively). CNP uptake was followed by ICP-MS and/or HPLC-UV, with BaP
uptake tracked by GC/MS. CNP uptake was also investigated by electron
microscopy.
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The genotoxic effects were characterised by the level of DNA strand breaks (comet
assay), micronuclei and DNA adduct analyses. Contrasting results were obtained
according to the type of carbon nanoparticles used. Co-exposure to MWNTs and
BaP seems to reduce the uptake and genotoxic effects of BaP in the digestive gland
(DNA strand breaks). Conversely, co-exposure to C60 and BaP does not seem to
affect the uptake and genotoxic effects of BaP. In either case, the effects of coexposure, as Trojan Horses, were not detected.
In order to have a better understanding of the effects of these CNPs, analysis of
DNA oxidation and proteomics are currently in progress. This study opens new
questions highlighting the importance of studying the interaction between
nanomaterials and environmentally important pollutants.
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Up-to-date little is known about the effects at cellular, tissue and individual levels of
emergent contaminantssuch as fullerene (C60). In this work, the effects offullerene
were investigated in mussel tissues (gills and digestive gland) using an integrated
approach based on immunohistochemicaland transcriptomics methods. Mussels
were exposed tofullerene (0.01, 0.1 and 1mg/L) for 72h. Tissue fullerene
accumulation was evaluated by immunofluorescence using a specificantibody. A
novel low density oligo microarray(470 genes, suitable to follow 15 stress response
pathways) was used. Immunohistochemical analysis revealed the presence and
cellular distribution of fullerene in mussel tissues, already at the lowest
concentration.Transcriptomic analysisidentifieda number of DEGs showing a bellshape trend with a maximum in animals exposed to 0.1mg/L fullerene. In terms of
processes related to the DEGs depicted in all conditions, the most affected are
associated to translation that showed a substantial increase of related DEGsat
0.1mg/L fullerene(22 down regulated from a total of 36 DEGs). Also for cytoskeleton
organization processes, the number of related DEGs was maximum at the
intermediate dose (16 up-regulated from a total of 21 DEGs). Mitochondrial activity
related genes showed a decreasing trend in term of DEGs. Transcription of selected
genes was verified by RT-qPCR. The possible consequences of the transcriptional
changes were studied in terms of physiological alterations at cellular level.
Expression of tubulin/actin, as an example of target proteins of interest identified by
gene transcription data, as well as lysosomal alterations such as lipofuscin content
as
indicator
of
oxidative
damagewereinvestigated
by
immunohistochemical/cytochemical analysis in tissue sections. These represent the
first data on tissue subcellular distribution and transcriptional responses of marine
invertebrates exposed to fullerene as an emergent contaminant.
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Despite the growing concern over the potential biological impact of polyaromatic
hydrocarbons such as benzo(a)pyrene(B[a]P) in aquatic ecosystems, little is known
about their interactions with non conventional emergent contaminants like fullerene
(C60). In this work, the interactive effects of B[a]P and C60 at molecular/cellular and
tissue levels were investigated in gills and digestive glandsof mussels using an
integrated approach based on transcriptomics and immunohistochemical methods.
Mussels were exposed tofullerene (1mg/L) and B[a]P (5, 50µg/L), alone and in
combination, for 72h. Tissue fullereneand B[a]Paccumulation was evaluated by
immunofluorescence using antibodies specific for the two chemicals.A novel low
density oligo microarray(470 genes, suitable to follow 15 stress response pathways)
recently developed in our lab was used.Transcriptomic analysis identified a number
of DEGs showing interactive effects between the two compounds at the lower B[a]P
concentration where the highest DEGs number were depicted. In terms of processes
related to the DEGs depicted in all conditions, the most present are associated to
DNA metabolism, cytoskeleton organization,translation, oxidative stress and heat
shock response.Transcription of selected genes was verified by RT-qPCR. The
possible consequences of the transcriptional changes were studied in terms of
physiological alterations at cellular level. Expression of tubulin/actin, as an example
of target proteins of interest identified by gene transcription data, as well as changes
in the activity of the lysosomal vacuolar system wereinvestigated by
immunohistochemical/cytochemical analysis in cryostat tissue sections. These
represent the first data on tissue subcellular distribution and transcriptional
responses of marine invertebrates exposed to B[a]P, as a model ubiquitous
polycyclic aromatic hydrocarbon,and to fullerene, an emergent contaminant.The
interaction between the two chemicals at molecular and cellular levels are discussed.
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Modelling of whole biological systems from cells to organs facilitates the derivation of
explanatory frameworks; and the development of a predictive capacity for estimating
outcomes or risk associated with particular disease processes, and therapeutic or
stressful treatments. Cellular interaction networks are used to measure the
complexity of the system, and have been developed for the mussel liver analogue,
the digestive gland or hepatopancreas. These networks are based on the essential
metabolic processes measured as changes in various biomarker and transcriptomic
data: they include cytoprotective mechanisms, generation of reactive oxygen species
(ROS), cell injury leading to DNA damage and programmed cell death. Whole
system complexity can be used as an indicator of health or homeostasis; and the
hypothesis that pathology involves a loss of biological complexity has previously
been tested using this type of physiological interaction network.
System complexity and network topology was modelled and evaluated in the
hepatopancreatic system of mussels exposed to various concentrations of
benzo[a]pyrene (B[a]P) and nanomaterials (NP) systems using network
connectedness (connectance CV%); as well as node size, node degree, interaction
weighting and network diameter. Previous research has shown that the complexity
of the whole system increases when sub-systems, such as detoxication and antioxidant protective processes, augmented autophagy, protein degradation and
induction of stress proteins, are up-regulated and start to interact significantly as part
of a response to low-level stress, (i.e., biphasic or hormetic response). However, with
increasing severity of stress, such as B[a]P and NP induced toxicity, cell injury and
higher-level functional impairment lead to physiological dysfunction and breakdown
of the whole interaction network with consequent loss of complexity. The type of
network model used in this investigation (i.e., network and graph theory) provides a
mathematical formalism that can facilitate the system-level interpretation and
prediction of health and dysfunction in living cellular systems.
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The discovery of fullerene molecules has practically spawned the whole field of
carbon nanomaterials and nanotechnology. Due to their electron affinity and their
poly-alkene-like nature, a vast number of chemical functionalization methods have
been developed and a number of functional, fullerene-based materials have been
synthesised.
Nanomedical applications have been at the centre of attention for developing
applications for fullerene-based compounds. Fullerene adducts have been
developed for MRI contrast agents [1], x-Ray imaging [2], photodynamic therapy
(PDT) [3] and other medicinal purposes. The first step for such applications is watersolubilisation. Pristine fullerenes are soluble in organic solvents but not in water. The
addition of polar groups such as hydroxyl or carboxylic groups on the fullerene cage
renders fullerenes highly soluble in water [4]. In this talk, I will summarise efforts in
water-solubilisation of fullerenes. I will also touch upon the debate on fullerene
toxicity both from a researcher point-of-view as well as from the view of regulatory
bodies. Finally, I will conclude with mitigation measures that can be taken when it
comes to work-place exposure in fine nanomaterials such as fullerene molecules
and their derivatives.
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Transmission electron microscopy (TEM) is a powerful technique to analyze
accurately the size of nanoparticles (NPs) and is indispensable to characterize NPs
in natural samples. Typically, sample preparation methods consisting in drying a
small volume of NPs suspension on a substrate has a low NPs recovery (i.e. <10%),
form aggregates and are consequently not representative of the analyzed samples
(Baalousha et al., 2014). Interestingly, new sample preparation methods for metallic
NPs forcing a stronger adsorption on a functionalized surface substrate and using
centrifugation have showed to be more efficient (i.e. recovery up to 71% and
concentration correlation mass/number of NPs > 95 %) and result in evenly
distributed particle on the sample carriers (Baalousha et al., 2014).
The aim of our work is to develop a standardized sample preparation method for
TEM analyses of nanoparticles (including nanoplastics) that will be used in
environmental studies. Here, we present the challenges of applying a method first
developed for metallic NPs to nanoplastics. For instance, nano-polymers presents
several challenges, such as their low particle density, their shape and their surface
charge, complicating their deposition on the substrate via centrifugation. By using
different centrifugation methods, we are developing an approach that induces a good
adsorption on the TEM substrate. This development will have a high environmental
relevance as it will (i) allow to accurately measure the size distributions and
concentrations of nanoplastics (ii) will contribute to work at environmental
nanoplastic concentrations and thus (iii) will contribute to numerous studies that
need these accurate measurements such as nanotoxicology studies that aim at
assessing of the risk of nanoplastics in the environment.
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Silver nanoparticles (AgNPs) represent one of the most widespread NPs in
consumer products, with predicted environmental concentrations of ng/L in surface
waters and potential occurrence in marine waters. In marine species, toxicity of
AgNPs may be partly related to release of ionic Ag+ in sea water medium. In this
work, the effects of bare AgNPs (47 nm) were investigated on Mytilus
galloprovincialis embryo development (48 h embryotoxicity test) and hemocyte
lysosomal membrane stability-LMS. Primary particle characterization and behavior in
ASW were performed by TEM-EDX, BET, ICP-OES and DLS. The results
demonstrate that AgNPs induce Mytilus embryotoxicity, with an EC50 of 23.76 µg/L.
At concentrations < EC50, a dose-dependent increase in malformed D-veligers was
observed. Concentrations ≥ 100 µg/L induced developmental arrest. In parallel
experiments, AgNO3 resulted in a much lower EC50 (1 µg/L). In vitro exposure to
AgNPs induced small and dose dependent decreases in hemocyte LMS in a 5-100
µg/ml concentration range, whereas higher concentrations were cytotoxic.
Comparable effects were observed testing ‘aged’ AgNP suspensions in ASW,
indicating that Ag+ dissolution little contributed to the observed lysosomal stress in
short-term experiments. AgNO3 induced complete lysosomal destabilization at
concentrations as low as 10 µg/ml.
The results demonstrate that in Mytilus AgNPs affect both embryo development and
hemocyte LMS, although at different concentrations depending on the assay and
duration of exposure. The results confirm the relationship between these two
responses measured at whole organism and subcellular level to environmental
contaminants, including NPs.
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Nanoparticles (NPs) have high surface area to volume ratios and high potential to
interact with other contaminants including pesticides, altering the fate and behaviour
of both. Some NPs, e.g., TiO2 and ZnO NPs, are also photocatalysts, and have
been shown to alter the chemical form of contaminants through sunlight-mediated
chemical reactions. The acceleration of the formation of more toxic degradates have
not been fully considered by standardised laboratory tests performed under standard
laboratory lighting and this research aims to investigate whether photo-reactive NPs
alter the transformation and toxicity of the phenylpyrazole insecticide fipronil to the
greater pond snail Lymnaea stagnalis.
Our work demonstrates the production of hydroxyl radicals is greater in NP
suspensions compared to bulk material (particles > 100 nm) which could further
promote the photodegradation of fipronil to four photodegradates that have
previously been shown to be more toxic than the parent compound in a number of
ecotoxcity tests.
Using a well-defined developmental toxicity test, embryos of the greater pond snail, L.
stagnalis, were exposed to the parent compound fipronil and its four
photodegradates under both standard laboratory lighting and realistic environmental
lighting that includes UVA and B. In addition to lethality, developmental inhibition and
biochemical markers were considered in the establishment of an EC50 value for the
parent compound and its degradates. Future work will consider co-contamination
with photocatalytic NPs. These markers include phase 1 and phase 2 enzyme
detoxification pathways of EROD and GST, and GSH as an indicator of oxidative
stress.
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The American Academy of Implant Dentistry (AAID) estimates that the value of the
American and European market for dental implants will rise to $4.2 billion by 2022.
Nevertheless, peri-implantitis, which is caused by bacterial biofilm formation on the
surfaces of dental implants, remains one of the most common causes of implant
failure.
The hypothesis of this study was that modification of the surface nanotopography
can hinder bacterial adherence to implants. Medical grade Ti6Al4V implants were
surface modified following silver plating, anodisation and sintering techniques to
create a combination of silver, titanium dioxide and hydroxyapatite (HA)
nanocoatings. A range of different optimisation techniques were investigated to
improve bonding of the nanocoatings to the surface of the implants, necessary to
resist the mechanical stresses during dental implantation. The antibacterial
performance was quantitatively assessed by measuring the growth of Streptococcus
sanguinis, proportion of live/dead cells and lactate production by the microbes over
24 h. Application of a dual layered silver–HA nanocoating to the surface of implants
successfully inhibited bacterial growth in the surrounding media (100% mortality),
whereas the formation of bacterial biofilm on the implant surfaces was reduced by
97.5%. Both silver and HA nanocoatings were found to be very stable in biological
fluids with material loss, as a result of dissolution, to be less than 0.07% for the silver
nanocoatings. No dissolution was detected for the HA nanocoatings. Thus,
application of a dual layered silver–HA nanocoating to titanium alloy implants creates
a surface with antibiofilm properties without compromising the HA biocompatibility
required for successful osseointegration and accelerated bone healing.
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Nanotechnology has the potential to be immensely beneficial to human society,
including applications in biomedical sciences, engineering, energy production and
environmental remediation. Establishing the potential toxicity of engineered
nanomaterials (ENMs) to both human and non-human biota is therefore of the
utmost concern for regulators and policymakers. There are, however, many
confounding factors which make this assessment more challenging, not least the
need for accurate and detailed characterisation of ENMs under experimental
conditions. In studies on bivalve molluscs, which are of particular interest due to their
suspension feeding nature and highly developed endocytotic mechanism, ENMs are
typically characterised in seawater without animals.
This study suggests that the size of aggregates of multi-walled carbon nanotubes
(MWNTs; an important class of ENMs) may be altered by the presence of bivalves
(marine mussels, Mytilus galloprovincialis). MWNTs were characterised using a
range of techniques (dynamic light scattering, transmission electron microscopy, UVvis spectroscopy) after immersion in seawater. In order to establish the effect of
seawater composition on the aggregation behaviour of MWNTs, three different
treatments were applied to the seawater: (1) no treatment, natural seawater obtained
from Plymouth Sound, UK; (2) natural seawater obtained from Plymouth Sound,
having contained mussels at a density of 4.5 mussels/L for 24 h; (3) natural seawater
from Plymouth Sound, having been filtered at 15 nm. Results will be discussed in
terms of the dissolved organic carbon (DOC) content and ionic strength of the
seawater samples, and will provide essential guidance for future experiments on
ENMs in this ecologically relevant media.
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Dissolution and banggap paradigms have been demonstrated to be effective in
predicting the ability of metal oxide nanoparticles (NPs) to induce oxidative stress in
different in vitro, in vivo and bacterial models [1-3]. The present work addresses the
effectiveness of these paradigms in vivo and under conditions typical of the marine
environment, the final sink of realised NPs.
The experiments were carried out by using ZnO and MnO2 NPs as models for
dissolution and bandgap paradigms, respectively. CeO2 NPs were also considered
to assess the potential ability of producing ROS via Fenton like reactions in vivo. The
hypotheses were tested by exposing for 24 hrs oyster embryos over a wide range of
NPs concentrations and by looking at the oxidative stress as primary toxicity
pathway. Microscopic imaging of the exposed embryo samples was used to assess
the effective ingestion of the nanomaterials by embryos and their cellular
internalization.
The study provides evidence about the effectiveness of the dissolution paradigm for
predicting NPs toxicity in the marine environment. The low efficacy of the bandgap
paradigm was considered with respect to seawater driven changes to the particles'
physical-chemical proprieties, which were studied through a set of abiotic screening
tests.

[1] Meng et al. 2009. ACS Nano 3(7), 1620-1627;
[2] Zhang et al. 2012. ACS Nano 6(5), 4349-4368;
[3] Kaweeteerawat et al. 2015. Environ Sci Technol. 49(2),1105-12.
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A barrier to assessing the bioavailability of engineered nanomaterials (ENMs) is the
difficulty in distinguishing the form(s) of the material that has accumulated in tissues.
In aqueous suspension and in biological compartments, such as the gastrointestinal
tract of freshwater fish, metallic ENMs may agglomerate to form larger particles
and/or dissolve and release metal ions. Conventional techniques, such as inductively
coupled plasma mass spectrometry have been effectively used to measure total
concentrations of metals in tissues for many years.
Recent data have suggested that ICP-MS could also be used to distinguish the many
potential forms of ENMs if modified to run in time-resolved analysis (termed single
particle ICP-MS or spICP-MS). While this technique is in its infancy, a number of
labs have demonstrated the effectiveness of spICP-MS for characterizing ENMs and
have demonstrated the capabilities of recovering ENMs within complex matrices
after thorough optimisation.
Here, we present data generated from spICP-MS mode that relates signal intensity
to ENM size and signal frequency to ENM number concentration. The use of gold
particles are utilised to calibrate the transport efficiency for unknown samples (Ag
NPs). To assess the accuracy of spICP-MS, comparisons to traditional
characterisation techniques are reported, including transmission electron microscopy
(TEM) and nanoparticle tracking analysis (NTA). An ENM extraction method for
tissues has been explored for its efficiency at maintaining ENM integrity during tissue
liquidation. The possible limitations of this as an extraction method are also
discussed.
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